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ABSTRACT 

The sexual division of labor permeated many aspects of social life in the Greater 

Southwest, including household activities, communal events, and ceremonial rituals. It is 

proposed that sexual divisions in labor were particularly meaningfiil during the Pueblo IV 

period (A.D. 1275-1600). This project tests the proposition that archaeologically and 

ethnographically documented sex-based differences in habitual labor are reflected on the 

human skeleton. Human skeletal remains from Grasshopper Pueblo, a large Ancestral 

Puebloan village in east-central Arizona occupied during the Pueblo IV period, are 

examined for evidence of sexual differences in the expression of musculo-skeletal stress 

markers (MSMs). These stress markers occur at musculoskeletal origin and insertion 

points as a result of bone remodeling in response to repetitive motion, which results in a 

distinctive skeletal feature. Analysis is concentrated on those areas of the bones of the 

upper limb (clavicles, humeri, radii, ulnae, and metacarpals) where muscles, ligaments, 

and tendons originate from or insert onto the periosteum. 

Patterning of adult skeletal MSMs is considered one indicator of labor 

organization within populations. The degree to which the nature and intensity of labor is 

structured along sexual lines reflects the operation of social power. Aspects of the 

relationship between labor differentiation and social power are manifested 

archaeologically in the material remains of activities such as hunting, weaving, food 

processing and production, and ceramic manufacture. Testing the degree to which such 

labor differentially impacted the skeletal bodies of men and women in this Ancestral 

Puebloan community can substantiate conclusions regarding sex roles derived from other 
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categories of evidence. In this study, skeletal evidence forms the basis of a model of the 

operation of social power in the construction of sex, gender, and status in the North 

American Southwest. 
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CHAPTER 1: INTRODUCTION 

Labor, Gender, and Power in the Greater Southwest 

Sexual division of labor in the Ancestral Puebloan communities of the Greater 

Southwest is imbricated with household, community, and ceremonial aspects of social 

life, particularly during the Pueblo IV period (circa A.D. 1275-1540). The relationship 

between sex roles and community organization has been rigorously investigated by 

Southwestern archaeologists in recent years (e.g. Crown 2000; Crown and Fish 1996; 

Crown and Wills 1995; Fish 2000; Martin 2000; Mills 1995a, 1995b, 1995c, 2000; Mills 

and Crown 1995; Mobley-Tanaka 1997; Neitzel 2000; Ortman 1998; Perry and Joyce 

2001, 2003; Perry and Potter n.d.; Potter 2002, n.d.; Rautman 1997; Spielmann 2000; 

Szuter 2000). In general, women's and men's labor appears increasingly spatially and 

conceptually divided and restricted during the Pueblo IV period. This division of 

feminine and masculine roles is evident at multiple archaeological scales, ranging from 

the separation of production areas, as observed at Grasshopper Pueblo (Whittaker 1987), 

to the symbolic dualistic representation of gender in site construction and layout in the 

Zuni region (Potter 2002). 

Archaeological assumptions regarding sex roles in the prehistoric Southwest have 

not been systematically tested using osteological data. Rather, differences in the habitual 

activities of women and men are inferred through ethnographic analogy. This project will 

test such inferences using the skeletal signatures of habitual labor. I propose to 

investigate whether the sexual division of labor activities inferred from archaeological 
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and ethnographic data is visible on human skeletal remains. Skeletal remains from 

Grasshopper Pueblo, a large prehispanic village in east-central Arizona, are examined for 

evidence of sexual differences in the expression of musculo-skeletal stress markers 

(MSMs). These stress markers occur at musculoskeletal origin and insertion points as a 

result of bone remodeling in response to repetitive motion. Analysis concentrates on 

those areas of bones of the upper limb (clavicles, scapulae, humeri, radii, ulnae, and 

metacarpals) where muscles, ligaments, and tendons originate from or insert onto the 

periosteum. In this study, MSMs are compared to other categories of osteological data, 

such as body size, sex, and age, and situated within archaeological contexts of mortuary 

treatment, craft production, hunting, and food production. The Grasshopper skeletal 

collection, one of the largest and most complete collections of human remains ever 

recovered from the Greater Southwest, yields evidence of the cumulative effects of 

habitual labor on the skeletons of men and women living in Pueblo IV period villages. 

Patterning of adult skeletal MSMs is considered one indicator of labor 

organization within populations. The degree to which the nature and intensity of labor is 

structured along sexual lines reflects the operation of social power. Aspects of the 

relationship between labor differentiation and social power are manifested 

archaeologically in the material remains of hunting, weaving, food production, and 

ceramic manufacture. Testing the degree to which such labor differentially impacted the 

skeletal bodies of men and women in this prehispanic Southwestern community can 

substantiate conclusions regarding sex roles derived from other categories of evidence. In 



this study, skeletal evidence forms the basis of a model of the operation of social power 

in the construction of sex, gender, and status in the Greater Southwest. 

In the remainder of this chapter I (1) describe the initial data expectations and 

major research questions addressed by this study; (2) present the theoretical framework 

used to represent relations of power, labor, and gender in this study; and (3) summarize 

the chapters contained within this dissertation. 

Expectations and Research Questions 

The rich archaeological and ethnographic record of the Southwest allows for the 

development of expectations regarding the expression of musculo-skeletal stress markers 

(MSMs) on female and male skeletons. Current understanding of sex roles suggests that 

men are primarily involved in large game hunting and weaving activities in the late 

prehispanic and post-contact periods, and women are intensively engaged in plant food 

processing and ceramic manufacture. Given these assumptions, three general patterns of 

muscular development in response to sexually differentiated habitual activities are 

expected: (1) males will exhibit asymmetry in the muscles, tendons and ligaments of the 

upper body and females will exhibit symmetry; (2) women will exhibit a pattern of 

asymmetry in the muscles and tendons of the lower arm, wrist, and hand; and (3) these 

muscles will be more developed in women than men, due to the greater intensity of 

activities that use these groups of muscles. These expectations are described in detail in 

Chapter 4. 
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The information derived from this study is used to consider the relationship 

between the operation of social power and the differentiation of multiple categories of 

labor along sex lines. It is the intent of this study to contribute to the growing field of 

gender archaeology by integrating multiple categories of evidence into the reconstruction 

and interpretation of sex roles, and to promote a focus on, and understanding of, the 

conditions under which certain types of labor come to be representative of femininity or 

masculinity. The goals of this research are thus twofold: First, assumptions regarding sex 

roles derived from archaeological and ethnographic sources will be tested using 

osteological signatures of labor. Second, the patterns of labor that are documented 

through osteological analysis will contribute a new evidentiary dimension to current 

models of gendered social organization in the Ancestral Puebloan Southwest. 

An over-arching question that will be addressed through documenting labor 

patterns on the skeletons of individuals is: Was the division of labor between the sexes 

rigid or flexible? By examining the nature and intensity of labor as reflected in the 

habitual use of multiple muscles and muscle groups in this sample, I am able to address 

this question in two general ways. First, I investigate the question of whether gross 

differences and similarities between men and women in habitual activity types and 

intensity vary significantly by adult age. The age range in this sample is 18 years to over 

50. It is likely that age, as well as sex, influences labor organization. Sexual division of 

labor may be more or less rigidly delineated depending upon the age of adult individuals. 

Second, the collection of data from numerous muscle and tendon attachment sites will 

enable the identification of the skeletal signatures of certain categories of tasks. It is 
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possible that division of labor was more flexible with respect to some categories of 

activities than others. Understanding the conditions under which sexual division of labor 

may have been rigid or flexible based on skeletal evidence contributes to understanding 

two key issues: (1) the importance of gender symbolism in the Ancestral Puebloan 

Southwest, and (2) the role of gender in structures of power. 

The symbolic representation of gender in social life is particularly visible during 

the Pueblo IV period. This representation of gender involved both behavioral and 

symbolic male-female dualisms that became prevalent at this time. In some cultural 

contexts the symbolic communication of the existence of sexually differentiated roles 

may be more meaningful than sustaining the practice of those roles. In other words, the 

symbolic representation of sexual divisions may not match what people actually do in 

practice. Alternatively, Crown (2000:27) suggests that "where differences between males 

and females are emphasized materially or symbolically, we might infer that the society 

probably viewed males and females as fundamentally distinct in ways that informed other 

distinctions in society." This study will test whether symbolic gender divisions observed 

in multiple dimensions of social life indeed correspond to embodied (skeletal) realities in 

the practice of habitual labor. Do symbolically depicted gendered or sexual distinctions 

observed in material culture inform physical practices, such as labor? 

The particular structures of power and political leadership that characterize social 

organization in the Greater Southwest are ongoing areas of investigation for 

archaeologists. There is little consensus regarding what theoretical model best explains 

the workings of power in these village communities. In this study, documenting 
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differences and similarities in the bodily experience of men and women opens up the 

study of power to include direct evidence of labor organization. What does a rigid or 

flexible division of labor say about the potential for the exercise of power and autonomy 

for men and women within a larger social system? If the sexual division of labor 

observed in the greater Southwest was indeed rigid, does this division translate into 

relations of complementarity exhibited in "parallel status hierarchies" (Crown 2000) or 

do rigidly defined sex roles constitute a form of exploitation? A guiding theoretical 

framework is necessary to integrate the data derived from this study relating to sexual 

differences in habitual labor into the larger field of social relations. The following section 

outlines the model of power used in this study, as well as the implications of this model 

for the investigation of gender relations. 

Theoretical Framework 

Archaeologists have previously characterized the operation of social power in the 

late prehispanic {circa A.D. 1275-1540) commimities of the Greater Southwest in a 

variety of ways. Some archaeological research characterized social complexity and power 

relationships in the Greater Southwest as largely egalitarian (Graves et al. 1982; Reid 

1989; Reid and Whittlesey 1990). Polar opposite arguments that prehistoric social 

organization was hierarchical in nature and included the existence of managerial elites 

countered these interpretations (Upham 1982, 1987; Upham et al. 1989; Upham and Plog 

1986). The ranked versus egalitarian debate with respect to Ancestral Puebloan social 

organization permeated the scholarly consciousness of many Southwestern archaeologists 
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(McGuire and Saitta 1996). However, recent archaeological research seems to have 

moved beyond oppositional debates in favor of the recognition of the complex nature of 

power and leadership, particularly with respect to the Pueblo IV period. There has been a 

great deal of recent scholarship on the alternative constructions of relations of power, 

leadership, labor, and ritual in this region (e.g. Adams 1991, 1996; Crown 1994, 1998; 

Feinman 2000; Graves and Spielmann 2000; Kintigh 1994, 2000; Kohler et al. 2000; 

LeBlanc 1998; McGuire and Saitta 1996; Mills 2000; Potter 1997, 1998; Potter and Perry 

2000; Saitta and McGuire 1998; Spielmann 1998; Van Keuren 2000). The suggestions 

that the appropriation and distribution of labor in Ancestral Puebloan communities was 

largely communal (McGuire and Saitta 1996) and that power may have been based in 

securing access to non-material resources, such as rituals (Potter and Perry 2000) are key 

elements of this study. Drawing inspiration from these notions, this study employs a 

concept of power that is not heavily tied to economic exploitation, but instead focuses on 

social reproduction. 

The concept of social power is embedded within issues of community 

organization, hierarchy, complexity, inequality, labor, ritual, ideology, and leadership in 

archaeological research. These concepts may be seen as an interrelated network, each 

with multiple articulations and implications for the others. Consequently, they are best 

understood contextually, or as a system. "Power" is an abstract notion; an intangible term 

that captures a quality of the more tangible interactions that may find expression as 

equally concrete social structures, organizations, and institutions. Hierarchy, for example, 

may be one consequence of the operation of power. For the purposes of this study, social 
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power is defined as the ability to structure the possible field of action of others (Giddens 

1984:283), and consequently power is evaluated in terms of its "field of application" 

(Foucault 1980:97). 

Crucial to the analysis of power in the village communities of the Greater 

Southwest is the abandonment of traditional notions of instrumental or uni-directional 

domination and repression. Visualizing social power in communal societies as "ordinary" 

or "everyday" domination is a useful way to conceive of the processes that operate 

continuously to create and reproduce certain social structures. This involves 

reformulating the way that research questions that strive to describe the nature of power 

are typically posed. If one attempts to isolate the motives, reasoning, and intentional 

strategies of certain "dominating" individuals or groups of individuals, the result is a 

theoretically shallow and Western-centric view of power. An alternative view attempts 

".. .to discover how it is that subjects are gradually, progressively, really, and materially 

constituted through a multiplicity of organisms, forces, energies, materials, desires, (and) 

thoughts" (Foucault 1976:97). In this model, the formation and objectification of 

subjects relies upon an inclusive definition of power recognizing that purely repressive 

power is not able to occupy the whole field of relations. From this perspective, power is 

dispersed throughout a social formation, and its techniques are not homogenous or 

unified: 

Power must be analysed as something which circulates, or rather as 
something which only fimctions in the form of a chain. It is never 
localised here or there, never in anybody's hands, never appropriated as a 
commodity or a piece of wealth. Power is employed and exercised through 
a net-like organisation. And not only do individuals circulate between its 
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threads, they are always in the position of simultaneously undergoing and 
exercising this power. They are not only its inert or consenting target; they 
are always also the elements of its articulation. In other words, individuals 
are the vehicles of power, not its points of application (Foucault 1976:98). 

With this view of power in mind, subject formation in Pueblo village 

communities is approached though the examination of relevant techniques of 

objectification. Two modes of objectification (sensu Foucault 1977) are relevant to this 

analysis; dividing practices and subjectification. Dividing practices are marked by the 

processes of inclusion and exclusion, mediated by an extemal authority. Such practices 

involve institutional observation and surveillance that constrain the field of action of 

individuals in spatial and social arenas (Foucault 1977). These institutions, whose 

techniques of power tend to be expressed architecturally (but more importantly must 

involve the manipulation of space), result in "the progressive objectification and the ever 

more subtle partitioning of individual behavior" (Foucault 1977:170). Subjectification 

refers to the way an individual turns herself into a subject, and is a process of self-

formation in which the subject is active (Rabinow 1984:11). This can potentially involve 

an entire range of behaviors impacting one's own body, thoughts, and conduct, where 

self-vinderstanding is negotiated in reference to power and authority. These techniques of 

objectification are used later in this study as analytical devices to describe gender 

relations in the context of a larger power structure. 

The framework outlined above is particularly useful with respect to the 

description and interpretation of archaeological societies due to its inherent focus on 

temporality and materiality. This model of power proposes that over time in village 
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societies the possibilities for human action become increasingly restricted by social and 

environmental forces. If some elements of this restriction are equated with relations of 

power, the material effects of restriction mirror the nature of power. 

Reformulating the question of power in this way necessitates a reevaluation of the 

nature of exploitation. If power is understood as the restriction of the possibilities for 

human action, formalized roles, such as gendered divisions of labor, or differentiation in 

social or ritual responsibilities within a larger system of ritual organization are considered 

restrictions of fields of action. In short, this is an attempt to locate relations of power 

within the type of social differentiation commonly conceived of as horizontal, rather than 

hierarchical ̂  Working from a hierarchical view of power, exploitation would (by some 

definitions) not be occurring in a system where role differentiation did not result in the 

unequal distribution of labor or resources. Working from the notion of power as located 

in the restriction of community members into more or less static social roles, exploitation 

might be measured by the degree of maneuverability between social roles, or the 

flexibility of the system with respect to those roles. How rigidly are social categories 

maintained? What are the historically and culturally specific possibilities for abandoning 

a social role, adopting a different one, or creating a new one? 

' The concept of heterarchy has been introduced in this context as well (Brumfiel 1995; Crumley 1995; 
Crumley and Marquardt 1987; Rautman 1998; Rogers 1995; Spencer 1994; White 1995). As a theoretical 
orientation, heterarchy questions long held assumptions among archaeologists and anthropologists 
regarding the nature of social and political ranking. In a heterarchical model, elements of a social system 
may exhibit unexpected variability and cross-over in terms of ranking, or may not be ranked at all. This 
model rejects the identification of egalitarianism or hierarchy as alternating or dichotomous variables in a 
social system in favor of opening up the range of possibilities in a social formation (Rautman 1998). 
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The Role of Gender in Power 

Gender is among the most basic of social roles. As discussed above, one research 

question in this study involves the expectation that in some situations the representation 

of differentiated roles might be more salient than the actual roles themselves; that the 

symbolic representation of gender divisions may not match what people actually do in 

practice. In this scenario, fields of action are not significantly restricted, and exploitation 

in this sense would not be occurring. At the other extreme is the possibility that social 

roles are indeed rigidly maintained, and moving in and out of them is discouraged or 

socially improbable. An inability to depart from a social role within the context of the 

community would potentially constitute exploitation. At some point on this continuum 

might be culturally structured avenues for role transgression; a "special status" accorded 

to individuals who fall outside of normal categories. 

In this study, gender is situated as an important element of power. Power is 

implicated in the process of gendering in prehistoiy, and through the analysis of human 

remains this study investigates the mechanisms through which gender was materially 

constituted in the prehispanic southwest. The association of a particular gender with types 

of labor, material culture, and behavior is not a random or somehow "natural" process, 

but is produced through historical mechanisms that restrict behavioral possibilities for 

individuals who are perceived to fall into certain gender categories. Gender is a 

performance (Butler 1990, 1993); the guidelines and props for this continual performance 

are constructed over time, until they "go without saying" (Bourdieu 1990) and are 

experienced as natural, immutable phenomena by members of a social system. A 



30 

fundamental goal of gendered archaeology, as well as this study, is to discover "how and 

why certain kinds of action came to be representative of certain kinds of gender" (Joyce 

2001). 

In a broad sense, gender performance or "performativity" can be conceived of as 

the social processes that operate continuously to construct difference. According to Butler 

(1990:33), "Gender is the repeated stylization of the body, a set of repeated acts within a 

highly rigid regulatory frame that congeal over time to produce the appearance of 

substance, a natural sort of being." This description is reminiscent of Bourdieu's (1977) 

discussion of the "misrecognition of arbitrariness" of certain social acts, which in this 

interpretation includes gender. The concept of performativity is, in some sense, 

descended from anti-essentialism feminism and practice theory (Morris 1995) in its 

critical examination of the relation between sex and gender and the importance of 

embodiment. This study reconstructs gendered performances though documenting the 

impact of habitual activity on the sexed skeleton. These embodied performative 

processes construct gender and other identities though repetition. An associated social 

dissonance is also created through these processes. The "abject" {sensu Butler 1993) and 

ambiguous bodies that fail to achieve the performative ideal are brought into focus in this 

model in a critical way, by forcing recognition that there is always more variability in 

humanity than can be captured by categories. 

In sum, the structure of power, gender categories, and labor organization are 

inextricably linked in this study as they are all dependent upon the habitual repetition of 

certain performances that operate to bolster social reproduction. 
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Dissertation Contents 

Chapter 2 focuses on the archaeological context of the Pueblo IV period 

Southwest. This chapter will discuss the major social trends that are characteristic of 

Pueblo IV period communities, situated within the theoretical framework described 

above. The focus of investigation is then narrowed to the particular organization of major 

categories of habitual labor performed in Pueblo IV period communities, including 

farming, hunting, food preparation, weaving, and ceramic manufacture. These labor 

categories have been a primary focus of archaeological investigations of sexual 

differentiation in the Pueblo III and Pueblo IV periods. They do not encompass all of the 

possibilities for labor in an Ancestral Puebloan village, but rather represent activities that 

have been investigated thoroughly drawing on non-osteological classes of archaeological 

data. A more encompassing representation of the possibilities for habitual labor is 

presented in Chapter 3, which outlines the ethnographic evidence for gendered divisions 

of labor in Southwestern Pueblo villages. This chapter includes descriptions of gender 

organization from ethnographic sources and specific descriptions of task separation and 

labor patterns. Drawing on these data, a complete breakdown of possible activity patterns 

is compiled. 

The reconstruction of tasks compiled in Chapter 3 is evaluated on a 

biomechanical level in Chapter 4. This chapter summarizes previous bioarchaeological 

research on activity reconstruction and describes the general biomechanics of the upper 

limb. The proposed impact of certain activity patterns on the human skeleton is framed in 

terms of the development of musculo-skeletal stress markers (MSMs). The methods of 
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MSM data collection, including the development of qualitative MSM score criteria for 

the Grasshopper skeletal collection and detailed descriptions of MSM scores with 

accompanying are presented. 

Chapter 5 is concerned with the particular site that is the source of the skeletal 

collection used in this study - Grasshopper Pueblo. This chapter describes the site and 

region of Grasshopper and the history of research conducted, specifically previous 

mortuary and bioarchaeological research. Particular models of social organization, 

migration, and village composition that have been proposed with respect to Grasshopper 

Pueblo are summarized. 

The results of statistical analysis of skeletal data are presented in Chapter 6. In 

this chapter, the nature of the sample population and general data expectations are 

described. The particular quantitative methodology employed with respect to statistical 

analysis is presented, and the results for each variable explained. Statistically significant 

patterns identified in the population are described. 

The implications of the bioarchaeological trends revealed within the sample 

population are explored in Chapter 7. Particular behaviors and activity patterns that may 

contribute to the significant distinctions in symmetry and robusticity found among the 

individuals from Grasshopper Pueblo are proposed. The significance of these results for 

models of power, gender, and labor in the Pueblo IV period Southwest in general and 

Grasshopper Pueblo in particular is discussed. 
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CHAPTER 2: ARCHAEOLOGY OF THE PUEBLO IV PERIOD SOUTHWEST 

Introduction 

The overarching purpose of this chapter is to present an inclusive picture of 

human organization in Ancestral Puebloan communities during the Pueblo IV period that 

weaves together several inseparable aspects of social life: power, labor, and gender. The 

Pueblo III-IV transition is generally characterized as a period of social, political, and 

economic reorganization, ultimately culminating in the development of integrated village 

communities that resemble those encountered by Europeans during the first episodes of 

contact with the historic Pueblos, although there is a great deal of variation in the 

particular nature of these villages. As discussed in Chapter 1, the goal of this study is to 

contribute new bioarchaeological evidence to current understanding of sex roles and 

labor organization in the Pueblo FV period Southwest. Thus the following discussion 

frames the social milieu of this period, setting the stage for the integration of new 

categories of data. 

This chapter will discuss four major social trends that are characteristic of Pueblo 

IV period communities (violence, ritual integration, inclusion, and exclusion), situated 

within the theoretical framework described in Chapter 1. The focus of investigation is 

then narrowed to the particular organization of major categories of habitual labor that 

have been the subject of archaeological research on sexual differentiation; farming, 

hunting, food preparation, weaving, and ceramic manufacture. The cultural and gendered 

significance of these labor practices in the context of the Pueblo IV period is discussed. 
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Social Trends in the Pueblo IV Period Southwest 

Certain trends have been documented as characteristic of the Pueblo IV period 

(A.D. 1275-1550) that are well understood through the theoretical lens of power and 

subject formation presented in Chapter 1. The following analysis puts into motion the 

concept of power as a pervasive, productive force that is dispersed throughout the social 

body and operates to create and reproduce subjects through its influence in the practice of 

everyday life. Thus, in this analysis the formation of the archaeological record represents 

the productive material effect of power. 

For example, power can be seen as productive as well as repressive. By itself, 

repression is a shallow and potentially ineffective way of exercising social power: 

What makes power hold good, what makes it accepted, is simply the fact 
that it doesn't only weigh on us as a force that says no, but that it traverses 
and produces things, it induces pleasure, forms knowledge, produces 
discourse. It needs to be considered as a productive network which runs 
through the whole social body, much more than as a negative instance 
whose function is repression (Rabinow 1984:61). 

Shifts in the nature and exercise of power may establish new "economies" of power, 

which are more efficient in dealing with the conditions of social integration and specific 

challenges such as environmental and economic uncertainty. An "economic" power 

structure in this sense "allows the effects of power to circulate in a manner at once 

continuous, uninterrupted, adapted, and 'individualised' throughout the entire social 

body" (Foucault 1980:119). 

The systems that emerge in the wake of the reorganization of the Ancestral 

Puebloan Southwest after A.D. 1275 are exemplary manifestations of the productive 
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aspect of power, in that they produce new forms of knowledge, performance, behavior, 

architecture, and material culture. The locations of power within Puebloan social systems 

are explored below though reference to four broad trends that are characteristic of the 

Pueblo III to Pueblo IV period transition: violence, ritual integration, inclusion, and 

exclusion. 

Violence 

From one perspective, overt repressive violence may constitute an inefficient 

technique of social power in village communities. It renders power relations explicit and 

obvious, and thus vulnerable to direct challenge; it can be economically costly to 

maintain, and risky in terms of the success or failure of various means of physical 

oppression. Power structures that depend primarily upon the exercise of violence may fail 

to produce solid, enduring social roles that permeate the collective consciousness at 

multiple scales. Violence, like leaders or elites, cannot occupy the entire field of power 

relations in a society. 

During the thirteenth and early fourteenth centuries, communities across the 

Southwest exhibit evidence of overt violence and high levels of social conflict (Adams 

1988; Haas and Creamer 1993; LeBlanc 1998, 1999; Lightfoot and Kuckelman 1994; 

Wilcox and Haas 1994). In addition to evidence for the construction of defensive sites 

and potentially warfare and raiding during the mid to late 13"^ century, Adams and 

Walker (1994) point to the proliferation of ritualized violence at some Pueblo III and IV 

period sites as evidence of power struggles tied to emergent ritual formalization and 
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integration. In a similar vein, Martin (1997, 2000) has documented evidence of 

institutionalized violence against women at Pueblo III period villages in the La Plata river 

valley in northwestern New Mexico. Disproportionate cranial and skeletal trauma, 

sprawled and haphazard burial positions, evidence of short life spans and infection, and 

extreme occupational stress characterize female skeletons recovered from two sites 

occupied from around A.D. 1000-1300. 

The relationships among warfare, violence, and aggregation can be framed within 

a view of power as a productive system. LeBlanc (1998:115-117) argues that warfare 

increased in intensity during the late Pueblo III period (circa A.D. 1250) in response to 

conditions of environmental and social uncertainty. The subsequent changes in site 

layout, aggregation, and clustering are viewed in this model as a defensive response to 

inter-Puebloan warfare. Without negating this observation, another way of interpreting 

the intensification of various forms of violence at this time is as a burst of fairly 

disorganized repressive power that ultimately proved to be an ineffective way of dealing 

with uncertain large-scale social and environmental conditions over the long term. 

LeBlanc specifically argues that warfare and raiding are driven by the need to acquire 

resources. While this may have been an effective strategy in the short term, ultimately 

some form of social integration would be necessary for large-scale economic survival 

following the migration and reorganization of the late 13"' and early 14*'' centuries. 

Since this burst of repressive power (which may have been somewhat ad hoc, 

compared to the repressive fimctions of state societies) was not sufficient to circumscribe 

a larger field of social relations, it gave way to more productive economies of power in 
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the form of large, aggregated communities, driven by the goal of integration in the final 

instance, rather than the goal of immediate acquisition and protection of resources. These 

things are not necessarily mutually exclusive, however. LeBlanc (1998:129) points out 

that a large, highly socially integrated community has a distinct military advantage, and 

that the largest well-integrated settlement clusters in the Western Pueblo (Hopi, Zuni, and 

Acoma) persisted when other clusters died out. Integration and adaptation of large 

aggregated communities may ultimately result in lower levels of inter-community 

conflict (LeBlanc 1998:128). 

The changes in site layout and distribution that occurred around A.D. 1275 may 

indeed have emerged in response to warfare and a desire for protection. Simultaneously, 

however, those same settlement and architectural changes demonstrate the inadequacy of 

overtly repressive (violent) forms of power as a way of managing individual Pueblo 

communities and the success of forms of productive power that were able to occupy a 

larger field of social relations, circulating though the social body and structuring possible 

fields of action. The layout and clustering of sites may have been originally driven by the 

violent conditions of the mid-13^ century, as a means to conceptually unify groups of 

people against a common enemy. However, by the time that systems of regional 

integration began to take hold after A.D. 1275, the architecture and distribution of sites 

were operating as the mechanisms of subject formation, not exclusively for defense. 

Enclosed site plans, public space, and internal plazas, and large, aggregated but 

geographically isolated communities visually and viscerally structured fields of action 

such that the conditions of intra-corrmiunity social integration were produced and 
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reproduced. Productive power operates fundamentally to bind members inside a 

community, in addition to keeping non-members outside of a community. 

Architectural and settlement trends that may have emerged from a cultivated 

sense of a need for protection or an "us v. them" mentality consequently kept large 

communities of people operating effectively together. Violence across Pueblo IV period 

communities, as evidenced by the intentional burning of sites, distance between clusters, 

and villages with unbroken exteriors (LeBlanc 1998:117) is consistent with a situation of 

inter-cormnunity factionalism, in contrast to intra-cormnunity integration. Site layout and 

distribution at this time seems to have simultaneously reinforced the operation of 

productive power that maintained communities and inter-community horizontal 

factionalism. This situation is consistent with the simultaneous interplay of processes of 

inclusion and exclusion in and across Pueblo IV period communities, which are discussed 

below. 

It is important to note that while repressive, coercive, or violent forms of power 

operate within and across communities, they are not the definition of power, or 

constitutive of all power. In fact, the most successful techniques of power may be the 

most subtle; those that operate continuously to partition behavior, impact the body and 

mind of the subject, and structure and reproduce fields of action such that individuals 

actively participate in the continual reproduction of their own social roles. Techniques of 

power such as this are implicit in the emergence of Pueblo IV period settlement and 

architectural trends. The following section focuses on these integrative aspects of social 

power. 
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Ritual Integration 

Productive economies of power emerge from the social conflict of the late Pueblo 

III period in the form of systems of regional integration, marked by extraordinary 

changes in community structure, social organization, and ritual practices across the 

Southwest (Adams 1989; Crown 1994; Kintigh 1985; Lipe 1989; Ortman 1998; Potter 

1997; Potter and Perry 2000;). Ritual is widely considered to have formed the foundation 

of social power in the late prehistoric Southwest (Adams 1989, 1991, 1994; Crovra 1994; 

Graves and Spielmann 2000; Howell 1996; Kintigh 1985, 2000; Lipe 1989; Mills 2000; 

Potter 1997; Potter and Perry 2000). The Katsina cult potentially originated in the 

Western Pueblo area at this time (Adams 1991), and Crown (1994) has argued that the 

appearance of certain polychrome ceramic vessels depicting animals, feathers, birds, and 

other symbols at this time is related to the spread and emergence of a pan-Southwestern 

cult. Although evidence of violence may accompany shifts in power and authority that 

are based in the manipulation of ritual (Adams and Walker 1994), one of the reasons 

ritual-based authority is so effective is that it draws legitimacy not from violence but 

from association with depersonalized phenomena: "tradition," the immutability of the 

cosmos, the past, or repetitive performance (Bloch 1974; Rappaport 1979). In this way, 

"power" is not associated with a coercive individual or group of individuals but rather is 

experienced as circulating throughout crucial aspects of social life. 

Given the size, scale, and extent of emergent ritual systems, focusing on the 

identification and contribution of leaders in the development of these systems may have 

limited explanatory value with respect to the operation of the larger power system. 
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Alternatively, a framework that views the archaeological record as the material 

manifestation (effects) of more dispersed ritually-based power may contribute to 

understanding the conditions imder which individuals participated in an integrative 

system. This position is similar to Wills' (2000:26) objection to the characterization of 

Chacoan great house architecture as the manifestation of the power of individual ritual 

leaders. Wills does not doubt that ritual was important in the maintenance of the Chacoan 

system, but takes exception to explanations of labor appropriation that overstate the 

power of religious "leaders," arguing instead that".. .the organizational properties of the 

ritual system may have driven new construction projects, utilizing available labor in 

service to the system (emphasis mine) rather than to any individuals or even segments of 

the society" (Wills 2000:44). In this perspective, ritual power permeates the social body, 

producing new forms of architecture (great houses). Leaders are not the exclusive 

repositories of social or ritual power; rather, power operates to reproduce systems of 

communal and household labor. All participating members of the community are vehicles 

for social power and social reproduction. 

Foucault (1980:254) views the formalization of emergent economies of power and 

the associated material manifestations thereof as results of "the play and strategy of 

human relations" throughout history. This interpretation is consistent with the widespread 

belief among archaeologists that the systems of the late prehistoric Southwest were 

irmovative in the sense that they crystallized out of earlier elements and trends, forming 

new patterns (Cordell 1997:400). From this perspective power is operating even when the 

exact nature of leadership is ambiguous. Thus, all people are constituted within a certain 
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power structure, in the sense that they are formed as subjects within the context of a ritual 

system, and are vehicles for that power, in that their repetitive participation in the system 

reifies and perpetuates that system. This is what creates both social change and social 

reproduction. Participation in the system of ritual power reproduces the existence of the 

system, but even "everyday" domination can generate pockets of resistance that may spur 

social change. 

The question of leadership in non-state societies is tied to the problem of 

characterizing communities as hierarchical, egalitarian, or both. It has been suggested that 

the Pueblos are best understood as the result of a dialectical relationship between equality 

and hierarchy and that "hierarchy can be necessary for the maintenance of cormnunalism" 

(McGuire and Saitta 1996:200). Perspectives such as this, which stress the coexistence of 

communal and hierarchical relations, miss the point that in order to conceptualize power 

in Pueblo communities, we must move away from thinking of hierarchy as synonymous 

with power and communal relations as the opposite of power. Communalism is itself 

invested with power, not only by virtue of its collaborative relationship with hierarchical 

systems. People are not compelled to participate in "communal" systems of social 

integration by the actions of leaders in a hierarchical structure, but through processes of 

subject formation; repetitive and formalized ritual and domestic activities that naturalize 

pervasive power relationships which become embedded in the practice of everyday life. 

In the late Greater Southwest, processes of subject formation are inextricably linked to 

ritual practice and its material and architectural manifestations. 
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Given this, a related archaeological question is how the production of ritually 

associated material culture (and the suite of behaviors implicated in that production) 

reproduces the restricted fields of action that comprise social power. The production of 

ritual objects that are not alienated from their producers, or "inalienable possessions" 

(Weiner 1994) in the Ancestral Pueblos, for example, has substantial implications for 

relationships among power, labor, gender, and ritual in these communities (Mills 1997). 

This is not analogous to the notion that certain types of behavior reflect or mirror power 

relations. Structuring of possible fields of action constitutes social power as the 

phenomenon produces particular roles and relations and contributes to social 

reproduction. The production and structuring of behavioral possibilities are apparent in 

the emergence of types of ritual architecture, such as plazas and kivas, in the late 13^ 

century. 

Maintaining an efficient economy of power was vital to the development and 

operation of systems of regional integration, given the conditions of social and 

enviroimiental uncertainty of the early Pueblo IV period. In addition to the sporadic 

violence and conflict mentioned above, environmental degradation, variable rainfall, and 

conditions of drought impacted Ancestral Puebloan communities at this time (Dean 1993; 

Dean and Robinson 1977,1978; Watson, LeBlanc and Redman 1980), as well as 

widespread population migrations (Duff 1998; Haury 1958; Mills 1998). Potter and Perry 

(2000) have argued that managing the rituals that in some way addresses this uncertainty 

would have been an important focus and repository of social power. In this scenario, 

social power operates to produce stability, social cohesion, and integration under 
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uncertain circumstances. If the dominant instance in a social system is cohesion (as 

opposed to, for example, the monopolization of the means of production) it is appropriate 

to focus on how that cohesion was achieved and is reproduced. 

The development of large, aggregated, plaza-oriented settlements was 

characteristic of the Pueblo IV period, and plazas may have become the dominant spaces 

of new integrative communal rituals (Adams 1989). The architecture of ritual power eind 

ritual performance in this period became the architecture of subject formation as well, as 

changes in the nature of architectural space partitioned behavior and re-structured 

possibilities for action. Power was exercised and reproduced through the participation of 

individuals in a system that operated though processes of inclusion and exclusion. The 

simultaneous interplay of inclusionary and exclusionary practices described below 

represents a technique of power that firmly embeds individuals in a system that structures 

their opportunities to act in a way that promotes the integration of diverse social units 

within communities. 
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Inclusion 

In a general sense, religious ritual can be considered integrative and functions to 

facilitate inclusive interaction within and across communities (Hegmon 1989). The 

architectural apparatus of the plaza-oriented community plunged into a field of social 

relations in the beginning of the Pueblo IV period, replacing communities of more 

dispersed room blocks. Plaza-oriented architectural spaces promote communal processes 

of integration by virtue of their ability to structure social interaction (Ferguson 1996; 

Potter 1998). This trend was particularly strong among Pueblo IV period sites in the Zuni 

region, where nucleated sites were plaimed and completely enclosed at their inception 

(Potter and Perry 2000). One trend associated with the emergence of plaza architecture 

was the tendency for domestic activities, such as corn-grinding, to shift from locations 

inside rooms in Pueblo III period sites to communal spaces such as plazas in some Pueblo 

IV period settlements across the Northern Southwest (Ortman 1998). Many plazas were 

the location of both ceremonial and domestic activities, partitioned in various ways. In 

the large south plaza at Homol'ovi I, for example, the east side of the plaza was 

intensively used for various domestic activities, while the west side contains at least three 

kivas and seems to have been reserved for ceremonial activities (Adams and Adams 

1999). The probability that the "domestic" activities (com grinding, food preparation) 

that occurred in the east side of the plaza were tied to ritual activities, such as food 

preparation for ceremonies, underscores the conceptual connection between ceremonial 

£ind domestic life. 
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The movement of domestic activities into open spaces in some Pueblos and the 

co-incidence of ritual performance in those spaces link the exercise of ritual powder to the 

practice of everyday life. This is the basis of subject formation; the merging of the 

ceremonial and the domestic. Subjects are materially constituted though this association 

because ritual power becomes naturalized though its visceral connection to and alignment 

with repetitive daily activities. In some places, the boundary between what is ceremonial 

and what is domestic becomes fiizzy in Pueblo daily life. Redistribution of community 

resources during ceremonies that traditionally take place in plazas merges these realms 

(Ford 1972). This conclusion follows from the observation that participation in 

ceremonial life impacts the acquisition and distribution of subsistence goods. Similarly, 

in late prehistoric archaeological contexts domestic artifacts may have been used in ritual 

contexts at some point in their life history (Adams and Walker 1994:8). 

The ritualization of everyday life exemplifies power circulating throughout the 

social body. In some cases, plaza architecture facilitates this technique of subject 

formation. As Foucault (1982:252) noted, "space is fundamental in any form of 

communal life; space is fundamental in any exercise of power." Architectural patterns 

and the correlated increased visibility of domestic activities no doubt corresponded to the 

formation of intra-community ties and contributed to solidarity and interdependence 

above the level of the extended family household (Lipe 1989; Ortman 1998). At the same 

time, plazas are also panoptic mechanisms; architectural structures that promote visibility 

and permit observation and surveillance (Foucault 1977). In this scenario, social power 

is located in the natural and automatic participation of community members in daily 
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activities within an architectural apparatus that reveals a complex form of 

subjedification. People "make themselves subjects" in this maimer, acting within a 

community structure where: 

...surveillance is permanent in its effects; that the perfection of power 
should tend to render its actual exercise unnecessary; that this architectural 
apparatus should be a machine for creating and sustaining a power relation 
independent of the person who exercises it; in short, that (they) should be 
caught up in a power situation of which they themselves are the bearers 
(Foucault 1977:201). 

This scenario suggests why the particular techniques of social power that emerged 

in the Pueblo FV period were suitable to the task of integrating people with diverse 

backgrounds into ritual and ceremonial systems that were extremely resilient and 

resistant to internal challenge. The organization of communal plaza space and the 

merging of the ceremonial with the domestic continually reproduce the social roles that 

are bounded by that space - conceptually and actually. Communalism does not mask real 

relations of power. Instead, communal relations are infused with power and reproduce the 

conditions of integration and social cohesion. 

The rise of plaza-focused communal feasting in Pueblo IV period sites in the Zuni 

region and elsewhere also demonstrates this technique of intertwining the domestic and 

the ceremonial. Potter (2000:22) has pointed out that "during the Pueblo IV period the 

location of feasts - the central plaza- became more communal and inclusive and not 

spatially associated with particular segments of the community. In this way, feasting 

became a force for commvinal integration and less a source of differentiation within the 

community." Plaza-oriented feasting during the Pueblo IV period was an activity that 
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linked domestic production of food resources with public ceremonial obligation and 

presentation. The occurrence of large scale communal feasts in the late prehistoric Zuni 

region is marked by several interesting trends, including the consumption of turkeys as 

the meat of choice for such rituals and the emergence of a bimodal distribution in 

cooking pot size, suggesting the necessity of large cooking pots for feast preparation 

(Potter 2000:27-29). 

In sum, plaza architecture and plaza-oriented settlements contributed to, and 

potentially solidified, a power situation whereby the domestic and ceremonial aspects of 

village life were conceptually merged. This is considered here to represent an 

inclusionary process, since the material effect of plaza architecture may have been to 

disperse power, rather than consolidate it, and minimize or suppress social differences 

within the community. Although the construction of social spaces can direct the operation 

of power in social life, it is crucial to keep in mind what DeCerteau (1993:157-159) terms 

"the contradiction between the collective mode of administration and an individual mode 

of reappropriation." 

The actual material process of planning and building plaza-oriented settlements 

(particularly the pre-planned settlements of the Zuni region, as well as communities such 

as Grasshopper Pueblo which grew by accretion to contain plazas within the settlement) 

may have been guided by explicit intentions. Large, aggregated, plaza oriented 

settlements may have been, as LeBlanc (1998, 1999) has suggested, intended to promote 

defense. Simultaneously, they may have been intended to foster solidarity, and generate 

precisely the types of integrative power relationships suggested above. However, it is the 
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"spatial imagination," or the praxis of space, that ultimately infuses architectural spaces 

with their social significance (Soja 1993:139-140). What people actually do inside 

architectural spaces can significantly effect the operation of social power. DeCerteau 

(1993:160) poignantly comments on the agency of individuals engaging in "spatial 

practices" within seemingly fixed structures: 

There heterogeneous and even contrary elements fill the homogenous 
form of the story. Things extra and other...insert themselves into the 
accepted framework, the imposed order. One thus has the very relationship 
between spatial practices and the constructed order. The surface of this 
order is everywhere punched and torn open by ellipses, drifts, and leaks of 
meaning: it is a sieve-order. 

This phenomenon can be boiled down to a distinction between the social 

production and social construction of plaza space (Low 1997:861-863). The social 

production of space refers to the actual architectural practice of building, and the various 

social factors implicated in the production a certain type of architecture. In terms of late 

prehistoric Puebloan plazas, this could include the desire to provide public spaces for the 

emergent performative ritual practices of the late 13*^* century, the conceptual need for an 

enclosed defensive settlement, and goal of generating community solidarity and 

integration. The changing social, economic, and political climate of the early Pueblo IV 

period would have contributed in a variety of ways to the social production of village 

spaces. By contrast, the social construction of space "is the actual transformation of space 

- through people's social exchanges, memories, images, and daily use of the material 

setting - into scenes and actions that convey symbolic meaning" (Low 1997:862). 
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The ability of people to transform architectural spaces in various ways is another 

demonstration of the productive nature of power in communal settings. The way that 

gender is reconfigured across the 13*'' and 14'*' centuries in the Southwest with respect to 

gendered spaces and labor practices may be one example of the social construction of 

plaza space. In her analysis of the use of plaza space in modem Costa Rica, Low 

(1997:878) notes that the creation (production), intentionally or unintentionally, of public 

spaces to which women have access can have the effect of shifting gender relations and 

enhancing women's status. As mentioned above, it appears that with the emergence of 

plaza architecture at sites across the Southwest, women's labor may have become more 

public and visible (Ortman 1998). The rising necessity of domestic turkeys for plaza-

focused large-scale ritual feasts may also have increased the importance (and visibility) 

of women's role in procuring and providing meat in ritual contexts (Potter 2000:27). 

Similarly, the practice of ritual feasting may have ascribed new meaning and significance 

to ceramic serving vessels produced by women (Mills 1997:44). The reconfiguration of 

gender roles and the enhanced visibility of women's contributions to domestic and 

ceremonial life in plaza-oriented social contexts may have been an unanticipated social 

construction of space within some Pueblo IV period settlements. 

Exclusion 

Productive forms of social power, which influence the social production and 

subsequent social construction of community space, are evident in inclusionary practices 

which center on public visibility and the merging of ceremonial and domestic social 
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realms. The simultaneous occurrence of practices of exclusion both within and across 

Pueblo IV period communities contributed to the conditions of social reproduction. 

Exclusionary practices highlight social difference in certain areas while inclusionary 

practices suppress differences in others. It is suggested below that processes of exclusion 

are writ large across contemporaneous Pueblo IV period communities, but these same 

processes occur at multiple scales within communities as well. 

As noted above, LeBlanc's (1998, 1999) descriptions of inter-Puebloan conflict 

throughout the Pueblo IV period are an extreme example of an exclusionary process. The 

conceptual aspects of defense may have the most poignant implications for social 

integration within sites. The perceived distance between settlement clusters (both literal 

and metaphorical) and a cultural emphasis on defense and protection may have bolstered 

intra-community cohesion. The settlement and architectural trends that are attributed to 

conditions of conflict (long distances between sites, large, aggregated communities, and 

unbroken exteriors) might be considered as elements of the social production of Pueblo 

IV period sites. However, the social construction of aggregated pueblos with unbroken 

exteriors and internal plazas seems to have been characterized by the inclusionary 

processes described above. It may be that increasing effectiveness of these processes 

resulted in the conditions of greater stability and decrease in settlement "die-outs" and 

social conflict that occurred after A.D. 1325 (LeBlanc 1998:128). 

Inter-community ritual feasting within settlement clusters in some areas exercised 

exclusionary practices that highlighted ritual, social, and economic differences among 

villages. In the Zuni region, a single community (Pueblo de los Muertos) within a 
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settlement cluster contained a larger proportion of large cooking vessels than surrounding 

sites, which may indicate differential ability to host inter-community feasts. Similarly, the 

site of Gran Quivera in the Salinas area of the Rio Grande region seems to have been 

differentially associated with large-scale feasts, which may reflect the control of ritual 

knowledge relating to the hosting of feasts and differential participation in long distance 

exchange (Graves and Spielmann 2000). While differential access to ritual knowledge 

across communities impacts the ability to host communal feasts, it is also indicated in 

mortuary assemblages. Kintigh's (2000) analysis of protohistoric Zuni sites demonstrates 

that the exclusive aspects of ritually based social power are evident in differences in 

richness and ritual significance of burial goods between the communities of Hawikuh and 

Kechipawan. 

While exclusionary practices across Pueblo IV period communities may have 

contributed conceptually to social integration across communities, such practices 

occurred within communities as well. This is seen in the restriction of access to types of 

ceremonial space and ritual knowledge. At the same time that more public, performative 

aspects of Pueblo ritual developed, access to other aspects of ritual became constricted. 

Pueblo II and III period sites had lower room to kiva ratios, and those kivas were 

probably more variable in terms of household-level domestic and ceremonial use than 

historic and Pueblo IV period kivas, which were increasingly formalized and specialized 

in terms of the range of activities that took place within them and the type of people 

granted access (Adams and Walker 1994; Ciolek-Torrello 1985; Lipe 1989; Ortman 

1998; Parsons 1939). 
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The restriction of ceremonial space is implicitly linked to the circumscription of 

ritual knowledge and information in Pueblo commxmities (Brandt 1977, 1994). The 

practice of secrecy encompasses information, access to ritual spaces, and objects: 

Ceremonial knowledge and ceremonial property, including objects, songs, 
and chants, must be considered as resources because they enable the 
control of other resources.. .this knowledge is, in fact, intellectual property 
that is protected through elaborate mechanisms of secrecy (Brandt 
1994:15). 

Control of ritual knowledge can translate into control of more tangible economic and 

subsistence resources, such as choice cuts of hunted game or ritually significant wild 

animal resources in prehistoric contexts (Potter 1997; Potter and Perry 2000). Differential 

access to resources within and across contemporaneous communities can be considered 

an outcome of exclusionary practices. 

Van Keuren (2000) demonstrates the operation of knowledge-based social power 

in the geographic restriction of design styles across Pueblo IV period communities in 

east-central Arizona. In this analysis, inclusionary practices were evident in the widely 

produced and distributed Pinedale style vessels during the late 1200's and early 1300's. 

The process of exclusion, however, was displayed through the subsequent emergence and 

restriction of the Fourmile style in the mid to late 1300's, which ".. .marks the application 

of new categories of social knowledge in public and ritual life to ceramics, perhaps 

emphasizing the social value or prominence of certain groups within pueblo 

communities" (Van Keuren 2000:107). 
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It is the simultaneous operation and mediation of the processes of inclusion and 

exclusion, both within and across sites that resulted in enduring forms of social power in 

the Pueblo IV period. Ritual practice expanded into communal, performative arenas at the 

same time that aspects of ritual became exclusive and produced tangible forms of social 

differentiation. It is key that inclusionary processes are tantamount to processes of subject 

formation and thus intrinsically power laden. Processes of inclusion are guided by the 

production of integrative architecture, and solidified by the social construction of public 

spaces by members of the commimity. Embedded in that social construction is the 

conceptual merging of domestic and ritual realms in daily life. By participating in these 

realms, people are constituted, or formed, as subjects. Simultaneously, people are 

vehicles for that power, since their participation in the system reifies and reproduces the 

system. 

Rather than seeing overtly hierarchical relations as the salient facet of power in a 

social formation, in this interpretation it is precisely the "non-ranked" or inclusive aspects 

of ritual power that reproduce the conditions of existence and compel individuals to 

participate in a system that is in some areas marked by inequality. Again, however, 

inclusive processes do not simply mask hierarchical relations; this perspective is 

ideological in nature, and draws upon the idea of ideology as "false consciousness" 

(Althusser 1971). Such arguments assume that people are unaware of power differentials 

in their community, and postulate that periods of social change occur following 

widespread demystification of legitimizing ideologies (McGuire 1989). Rather, explicit 

inter-community social differentiation may bolster intra-community cohesion, and intra-



54 

community exclusionary practices may be tied to the social construction of villages and 

the culturally specific operation of social power. The interplay of inclusion and exclusion 

described above is evident in the formation and reproduction of labor relations in 

Ancestral Puebloan communities. The following section describes the archaeological 

context for gendered divisions of labor at this time, framed within the trends discussed 

above. 

Division of Labor in the Prehispanic Southwest 

The aggregation of populations into large settlements during the Pueblo IV period 

described in the above sections had significant implications for the allocation of labor 

along gender lines, and also increased the importance of communal or community-based 

labor. As noted above, the increased attention to plaza-oriented architecture is related to 

the spatial relocation of labor from the household to public spaces. Although commvmity 

labor still ultimately supported the household, activities were performed in a more 

communal manner, thus subsuming, on conceptual and practical levels, the household 

with the community. This describes a far-reaching phenomenon of community 

integration at this time; food produced by women supported their household, as well as 

providing food for communal ritual or redistributive feasting. 

Although community-wide labor was communal or "subsumed" (where the 

appropriators of labor are simultaneously the producers; sensu McGuire and Saitta 1996), 

gendered labor was probably more differentiated as a result of aggregation and the 

processes of community integration. Communal hunting would have taken men's labor 
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away from the community for increasing distances and periods of time (Kaldahl 1997; 

Mills 2000; Potter 1997, n.d.; Szuter 2000), food preparation would have kept women at 

the grinding stone for longer durations (Hegmon 2000), weaving at looms inside kivas 

partitioned men's labor (Webster 1997), and intensification of ceramic production 

impacted time allocation in women's labor (Crown 2000; Mills 2000). Intensified 

agricultural production also significantly impacted men's and women's labor, although 

gender attribution to specific farming tasks is difficult in the prehispanic Southwest (Fish 

2000). These four broad categories of labor in particular — hunting, weaving, food 

preparation, and ceramic manufacture are activities often suggested to have been 

differentiated by gender in the Pueblo III and Pueblo FV periods that have been given 

particular attention by Southwestern archaeologists. Archaeological evidence of 

sex/gender differentiation for each of these activities is summarized below. 

It has been suggested that women's exclusion from hunting practices represents a 

cross-cultural phenomenon (Brightman 1996). Taxonomic frequencies at Grasshopper 

Pueblo suggest that large game was extraordinarily important to the economy of this 

Pueblo IV village (Olsen 1990). Furthermore, bone chemistry analysis of the 

Grasshopper skeletal remains yielded evidence that meat constituted a substantially larger 

potion of the diet of men than women (Ezzo 1991,1993). It is probable that communal 

hunting was a prevalent and culturally significant practice at this time, situated within 

emergent ritual systems and contributing to the integration of large sedentary 

communities. A similar trend has been found by Dean (2002) at several sites in the Silver 

Creek region and by Potter (1997, 2000) for the Zuni region, where large mammal 
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hunting seems to have increased during the Pueblo III to Pueblo IV period transition. At 

Grasshopper Pueblo in particular, there is a well-documented association between men 

and hunting, evidenced both in mortuary trends (Whittlesey and Reid 1997, 2001) and in 

the distribution of chipped stone and tools related to weapons manufacture (Whittaker 

1987). 

Ceramic production in the Southwest appears to have been structured by 

differentiation in gendered roles (Mills 2000:307). Ceramic production is specialized to 

some degree during the Pueblo III-IV transition, correlated with an increase in 

aggregation and community size (Mills 2000; Mills and Crown 1995). Intensified 

production and differentiation of sex roles seem to be related processes; Mills (2000) 

describes the differentiation of male and female roles in the process of intensification of 

ceramic production across the Southwest as one pathway toward specialization. Ceramic 

production involved a sequence of different tasks, such as raw material procurement, clay 

grinding, pot construction, and firing, and it is possible that male and female roles may 

have been segregated at different stages of production. Material evidence points to a 

broader separation of manufacturing tasks during the Pueblo IV period; rooms containing 

tools and raw materials exclusively related to ceramic production have been documented 

at Grasshopper Pueblo and Bailey Ruin (Mills 2000; Mills et al. 1995, Mills et al. 1999). 

Mortuary data from Grasshopper has also been suggestive of sexual divisions of labor, 

with ceramic manufacturing tools associated v^^th female remains and hunting 

paraphernalia associated with males (Whittlesey and Reid 1997). 
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Textile production, associated ethnographically with men, shifts from the 

household realm into communal structures (kivas) during the Pueblo IV period (Webster 

1997). Mills (2000) suggests that prehispanic Puebloan textile production was an 

emergent form of extra-household labor associated primarily with men and tied to 

broader ritual and economic conditions. In prehispanic and post-colonial Pueblo 

communities in the American Southwest, the practice of weaving was socially regulated 

as a male activity and was tied to kiva architecture, facilitating the disassociation of male 

activities from the house (Mills 2000; Ortman 1998; Perry and Joyce 2001, 2003). 

Overall, however, it seems that the practice of weaving is somewhat variable across the 

Southwest in terms of gendered organization through time and space. At Zuni in 

particular, weaving and spinning tools have been associated with both male and female 

burials (Howell 1995; Mills 2000), and Mills (1995a) points out that ethnographically, 

both men and women at Zuni practiced weaving but used different types of looms. 

The demand for finely ground com seems to have increased after the 

reorganization of the Northern Southwest, and was likely connected to changing forms of 

ritual organization and the need for com in many ceremonial contexts. Grinding has been 

strongly associated with women in the prehispanic Southwest, based on ethnographic 

analogy and mortuary data (Crown 2000). Data relating to the distribution of mealing 

bins through time indicates that the location of grinding shifted from inside rooms to 

public spaces such as plazas and extra-mural areas after A.D. 1300 at some sites across 

the northern Southwest (Ortman 1998). Grinding may represent a communal and 
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community-based activity at this time in order to meet ritually based needs for ground 

com (Adams 1999). 

The divisions in habitual labor presented above that are suggested from the 

archaeological record are heavily tied to implicit ethnographic understanding of 

historically observed sexual differentiation. The distribution of grinding stones, for 

example, is correlated to women's use of space with respect to labor, and the association 

between women and grinding derives from ethnographic analogy. Both ethnographic and 

archaeological forms of knowledge are capable of demonstrating broad trends in labor 

organization, but are constrained when it comes to finer-grained investigations of 

individual behavior. Bioarchaeological data has the potential to break down the question 

of "who did what" into more precise descriptions that critically evaluate the role of 

skeletal sex and age in the reconstruction of particular labor patterns. In order to test the 

validity of ethnographically based assumptions with respect to prehistoric sex roles, the 

historically observed range and nature of labor-related activities must be documented. 

The following chapter summarizes ethnographic observations of labor organization in 

Ancestral Puebloan communities that are commonly used to as an explanatory framework 

for archaeological data. 
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CHAPTER 3: ETHNOGRAPHY OF PUEBLO VILLAGE COMMUNITIES 

Modeling the Organization of Labor and Gender 

Archaeological inference regarding sexual differentiation in labor 

activities is often implicitly and explicitly based in ethnographic analogy. This 

chapter summarizes ethnographic descriptions of the categories of labor discussed 

in the previous chapter - farming, food preparation, hunting, weaving, and 

ceramic manufacture, as well as types of activities that have not been a major 

focus of archaeological research on sex roles, such as house construction and load 

bearing. The goal of this chapter is to describe a broad range of habitual activities 

that were likely performed in Pueblo villages in historic times based on the 

observations of ethnographers. Clearly, describing every possible task or 

movement potentially performed in a Pueblo village is not possible. However, the 

tasks and categories of tasks that are broken down in this chapter represent some 

major areas of repetitive activity, and they are used to generate expectations 

regarding possible gross differences in the habitual movements of men and 

women of different ages. 

In the descriptions below, ethnographic observations that are suggestive of 

the structured differentiation of activities by sex, age, or other social categories 

are noted. Furthermore, detailed representations of specific body postures and 

movements associated with activity performance are noted whenever possible. In 



60 

activity description, the primary emphasis is on the particulars of movement, 

intensity, duration, frequency, and differential participation by men and women of 

different ages. 

Each type of habitual activity discussed in this chapter is subsequently isolated in 

a table summarizing the proposed sex, age, and frequency associated with the activity, as 

well as the expected biomechanical impact. These data are then used to generate three 

expectations regarding the impact of gender-differentiated habitual labor on the skeleton. 

Ethnographically Observed Sexual Division of Labor 

Edward P. Dozier (1970:129) succinctly describes what he characterizes as a rigid 

sexual division of labor in Pueblo communities: 

Men planted and tilled the fields and cut and hauled firewood. Men also 
hunted, dressed the skins of animals they killed, made their own bows, 
arrows, shields, and war clubs, and wove baskets, blankets, and sashes. 
Women cared for the children, prepared and cooked the meals, made 
pottery, and performed other duties around the house. Whereas men 
constructed houses, both the living quarters and ceremonial chambers, 
women did the plastering. 

The divisions Dozier notes as enduring in Pueblo society in general are 

fairly universally cited by other Puebloan ethnographers describing both the 

Western and Eastern Pueblos. Moreover, divisions of labor appear to be a crucial 

element of social reproduction, and individuals are encouraged to learn and repeat 

sexually distinct habitual labor patterns early in life. Eggan (1950:33) suggested 

that the strong sense of "sex solidarity" he observed in Hopi culture was related to 

a rigid division of labor, where "the mother is responsible for both the economic 
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and the ritual training of her daughters. She teaches them to grind com, to cook, to 

take care of babies, to plaster and repair houses, and to make baskets, plaques, and 

pottery." In his work on Westem Pueblo social organization, Eggan often 

suggests that the strict division of male and female activity spheres substantially 

influences the nature of social and kin relations, such that spouses and opposite 

sex siblings have weaker interpersonal bonds. 

As discussed in Chapter 2, the division of labor in Pueblo village 

communities had both practical and ritual symbolic significance. The separation 

of male and female tasks is evident in both daily practice and ritual performance. 

Bunzel (1992[1932]:501) has pointed out that at Zuni, ritual responsibilities 

mirrored economic divisions; women feed the gods, while men clothe the gods. 

The follov^ng sections focus on the practice of gender separated tasks, providing 

detailed descriptions of the steps and movements associated with each labor 

category. 

Farming/Subsistence Activities 

A trend with respect to sexual differentiation in labor related to agricultural 

production often noted by ethnographers is the tendency for men to engage in planting 

and harvesting while women take over crops (particularly com) for drying, storing, and 

processing. There are multiple discrete activities involved in these processes. Gushing 

(1920) has thoroughly described the process of Zuni males starting a new field, which 
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involves digging with a hoe, clearing brush, and ultimately planting with using a digging 

(or planting) stick: 

...he bethinks himself of the planting stick and bestirs himself to sharpen 
(against a slab of sandstone) that useful, simple, yet ingenious instrument 
of husbandry. This planting stick is a kind of prod made from a straight-
grained juniper sapling, the base flattened and sharpened to a round-nosed 
blade-like point, and possessed of one ear formed by a fortuitous branch 
cut off and scraped until just enough is left to be usefiil as a brace for the 
right foot. The utensil our friend has just finished sharpening, glistens 
from long use. The blade is worn short, ground shorter, and the whole 
thing has an air of antiquity (Gushing 1920: 175) 

It is noted that men use the planting sticks to dig extremely deep holes in the hard, 

dry earth. An age-related division of labor in the planting process is described as well, 

where adult males repeatedly dig the holes and younger males follow along, dropping in 

seeds. Gushing (1920:181) notes that the adult farmer "...digs holes with his wooden 

prod, to the depth of from four to seven inches. The boy comes along after him, dropping 

into each hole from twelve to twenty kernels, and pushing sand in with his foot until it is 

filled." Dozier (1970:127) strongly emphasizes that the labor involved in creating and 

maintaining fields is significant, and performed communally by adult males in most 

historic Pueblo villages. Dry farming was practiced in conjunction with limited river-

irrigated plots, and the labor involved in leveling land and constructing and cleaning 

diversion mechanisms to control water flow was considerable. 

Labor associated with tending the fields after the com has sprouted is reported to 

involve men, women and children in different activities. Gushing reports women and 

children digging around plants with their hands to remove grubs and prune smaller plants 
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away from the strongest ones, tasks which he terms "grub-finishing" and "leaf-lifting" 

(Gushing 1920:194). Later in the growing season males reportedly engage in large scale 

weeding or "staving," a communal activity that must be repeated several times and, from 

his description, was a fairly grueling, repetitive task: 

It is the "hoeing" or "staving time," as the Zunis call it in well 
remembrance of the instruments with which their ancestors hoed, away 
back in the age of stone. These were crooked, sharp-edged staves of hard 
wood, shaped not unlike sickles, or better still, short scythes. Rude as they 
were, they seem to have been wonderfully efficacious in the removal of 
weeds, for the operator, progressing on his knees, swept the scythe-hope 
fi'om side to side between the rows of com, cutting off wide swaths of 
weeds, just below the surface of the soft, yielding soil. The principal 
drawback to this implement was that it proved equally efficacious in 
wearying the man who wielded it (Gushing 1920:194-195). 

While Gushing's descriptions of farming tools and techniques at Zuni are 

particularly detailed, similar methods and sexual differentiation in activities have been 

described by ethnographers at other Pueblos. Historically in the Rio Grande Pueblos, 

such as Gochiti, adult males participated communally in agricultural labor, which is 

described to include planting and weeding using digging sticks, wooden hoes and shovels 

(Lange 1959:83). It is noted that at Gochiti, garden plots placed in the comers of fields 

are tended by women and children (Lange 1959:99). Men at San Juan Pueblo historically 

engaged in field-related labor communally - cleaning out irrigation ditches with hoes and 

rakes. Women provided quantities of food during intensive seasonal work in the spring 

and summer (Jacobs 1995). Like at Zuni, Walpole (1899:246) describes the use of the 

"old reaping hook" at Gochiti. 
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Harvesting or picking of com appears to have been performed primarily by men 

while women husked communally in "husking bees" as the com was brought in from the 

fields (Gushing 1920:211). This notion that harvesting constitutes "men's work" while 

women take over for husking, shelling, drying and storing is reported in the Rio Grande 

Pueblos as well (Bandelier 1891; Goldfrank 1927; Lange 1959). Roscoe (1991:18) 

further stresses the strength of the division of male and female responsibilities with 

respect to com production at Zuni, noting that. .while men were responsible for 

growing com, women were responsible for storing and distributing it. Men were not even 

allowed to enter the granaries." Commenting specifically on the roles of women in food 

production. Gushing emphasizes women's marked responsibilities for gardens, the 

gathering of wild foods, and the storage of com (Gushing 1897). 

Food Processing/Production 

As described above, it seems that women assume responsibility for agricultural 

products as soon as they come in from the field. Husking is a communally performed, 

repetitive task that occurs seasonally. Gushing (1920: 211) describes the scale of this 

activity, noting that".. .all over the terraces were women, some busy in the alleys or at 

the comers below, husking great heaps of many-colored com.. .while children romp in, 

out, over, and under the flaky piles." Hewett and Dutton (1945) also confirm that in the 

Eastem Pueblos, men pick the com by hand and bring it back to the village for husking. 

Interestingly, a division of labor within the process of husking is noted at San Ildefonso, 

where women gather in the plaza to husk com by hand, while "the men and boys chop the 
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stalks with axes; within living memory, sharp stones were used for this purpose"(Hewett 

and Dutton 1945:80). The labor of shelling com generally follows husking. As Lange 

(1959:101) describes at Cochiti, "the com is generally shelled by rubbing one ear against 

another.. .this work is done by women, old men, and children." 

Com grinding by women is often cited in Pueblo ethnographic literature, as 

ground com at various stages plays a central role in both subsistence and ritual life. While 

habitual grinding of com is necessary for everyday food consumption needs as well as 

ceremonial feasts, com grinding is also an activity performed intensively by young 

Pueblo women during female initiation rites - a practice that ties the conception and 

constmction of femaleness to the physical act of grinding (Beaglehole 1937; Gushing 

1920; Eggan 1950; Parsons 1939; Stevenson 1904). Lange (1959:116) describes the 

bodily position assumed in grinding com at mealing bins: 

Com metates...are commonly of sandstone and are arranged in a series of 
fixed floor bins. Bin walls are formed of about two-by-ten inch planks, 
and individual bins are about two feet long and a foot and a half wide. 
Bins are placed directly against a house wall, or far enough from it that the 
women can brace their feet against it as they kneel to grind. The series is 
arranged with the metates side by side and sloping away from the 
grinder's position. 

In general, ethnographers observe that com grinding at floor metates is a fairly constant 

and extremely rigorous habitual activity among Puebloan women. In the years following 

European contact, however, there are reports that intensive grinding among younger 

women dropped off significantly, particularly when smaller amounts of com could be 
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ground at a time using modem implements such as coffee mills and wheat flour was 

rapidly replacing com flour for common use. Commenting on this change from earlier 

historic and pre-contact labor patterns, Hewlett and Dutton (1945:83) describe the 

difference in experience between older and younger women among the Tewa Pueblos: 

Older women contrast their own hands, in which certain muscles are 
largely developed, while the fingemails are wom down obliquely by 
mbbing on the metate, with the slight hands of the girls. In the youth of 
the former, women used to rise before dawn to grind...Several women 
would grind together at night; they ground successively on three or four 
metates ranging from rough to smooth. On the first they broke up the com, 
and reduced it to fine flour on the fourth, toasting it after each grinding. 

There is labor involved in maintaining grinding implements as well. Lange reports that 

women also sharpen or "roughen" manos and metates with hammerstones prior to 

grinding sessions, especially before feast days (Lange 1959:117) 

Although com constitutes the major plant food processed in Pueblo villages, 

gathered resources may be ground on metates, and wild or cultivated grains are 

winnowed. As described at Cochiti Pueblo, "a woman takes a large basket or a 

washbowl, fills it with grain, and, holding it over her head, allows the kemels to fall 

slowly to the ground. The wind blows away the chaff" (Lange 1959:100). 

Activities involved in meal preparation within the village appear to be primarily 

the domain of women, whether cooking for large-scale feasts or domestic consumption. 

In addition to the grinding related processing indicated above, Cushing's (1920) 

descriptions of Zuni cooking suggest that women spent a significant amount of time in 
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repetitive movements such as the kneading of dough, mixing, and stirring with wooden 

utensils. 

Hunting and Warfare 

Himting and warfare are related in an analysis of habitual activities, as both 

require intensive use of the bow and arrow. Both hunting and warfare are strongly 

associated with males in Pueblo communities, both in bodily practice and ritual and 

metaphorical representation. Metaphors of hunting occur at multiple scales in Pueblo 

thought and are inextricably linked to the construction of masculinity (Perry and Potter 

2004; Potter 2004). Potter (2004:325) explains that "the Hopi, for example, implicate 

male as 'hunter/warrior/agent of the spirit world' in a series of landscapes, the geography 

of which varies in scale from the carcass of a hunted animal, to a ceremonial room, to a 

mountain range." Loftin (1991) argued that Hopi religion is divided into male and female 

modes, and the male mode is heavily tied to materials such as the bow and arrow and the 

curved throwing stick. Dozier (1970:159-160) likewise documents that large game 

hunting and membership in hunting associations was restricted to men at Rio Grande 

Pueblos. 

Large game hunting may be considered "habitual" in that it occurs on a seasonal 

basis. Although incidence of warfare related activities is not easily predictable, it is not 

the actual participation in warfare that is a habitual practice, but rather the practice of 

training to be a warrior. Habitual use of the bow and arrow, for example, was a 
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significant practice for males early in life. Beaglehole (1935:17) describes the nature of 

such training: 

War was always imminent. Men had to keep in good physical condition all 
the time, and youths were given systematic training from an early age. 
Each morning their fathers took them to the ledge below the village and 
gave them practice in shooting with bow and arrow. Two sand or rock 
piles were built, each about four feet high emd seventy yards apart. Into the 
top of each pile an arrow was stuck vertically, with the feathers up. Boys 
and their fathers stood at each pile and practiced shooting arrows at the 
feather target. The boys were taught also the use of the shield as a 
defensive weapon against arrows. 

Beaglehole also comments on the prevalence of archery games at Hopi, particularly after 

men returned from the fields. Other weapons that young males trained with include the 

throwing stick, stone club or axe, lance, and crook stick (Beaglehole 1935:19). The 

association between males and himting and warfare is also prevalent among the Rio 

Grande Pueblos (Hewett 1937). 

At Cochiti Pueblo, Lange (1959:127-9) reported that large game hunting was a 

communal activity, and deer, antelope, buffalo, elk, and moimtain sheep were hunted by 

men using bows and arrows, spears, and firearms. Parsons (1919) noted that men at 

Cochiti would not permit her to join the hunt. There are suggestions that large game 

hunting became less prevalent after European contact, but ethnographers insist that it was 

crucial in the pre-contact history of the Pueblos. 

While large game hunting appears to have been highly male-dominated, small 

game hunting was less sexually differentiated. Communal hunting of rabbits - jackrabbits 

and cottontails - is done by men, women, and children usually by chasing and clubbing 
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then with rabbit sticks (Lange 1959:127). There is some recognition of the role gender 

difference and the importance of gender performance even in small game hunting, 

however. Bandelier (1880, in Lange 1959:126) describes gender roles in a rabbit hunt: 

If a boy and girl run for the same rabbit, and the girl is first, then they 
change garments, the girl rides, and the boy in woman's dress goes on foot 
until he kills a rabbit, when he pays it to the woman for his clothes; or, if 
he fails to kill one, then after sunset he takes a load of wood and fetches it 
to the girl. Feast on the fourth day, after which the boys present the girls 
with a jicara of flour. Should the himt be impossible on account of bad 
weather, then the women have the right, all winter, as often as the men go 
hunting, to take the game ft-om them, but must invite them on the fourth 
day. Each girl invites the man whose rabbit or game she took away. 

Weaving and Basketry 

ft is well recognized fi-om Pueblo ethnographic literature that historically, men 

wove on upright looms while women tended to weave off the loom or using different 

looms (Hayes-Gilpin 2000:95). Fox (1978:17) notes that "weaving by women was 

confined to small articles produced on the waist loom; belts, hair ties, and garters." 

Labor involved in preparing cotton (and wool, after contact) for weaving appears to have 

been primarily a male domain as well (Fox 1978). After cotton is harvested in pods, 

cotton fluff is plucked from the pods and beaten with sticks, sometimes inside a blanket 

to hold the cotton while the seeds fall to the ground. Alternatively, the seeds must be 

picked from the cotton fluff by hand. The cotton is then combed to straighten the fibers. 

In the historic period this process was called "carding" after the spiked wooden card 

brushes used in this endeavor, but ethnographic informants suggest that cockleburs were 
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used in the past (Fox 1978:21). The subsequent fiber spinning process is often captured in 

historic photographs of Pueblo men. Fox (1978:21-2) describes the posture and 

movements associated with this repetitive process: 

Seated on the ground, or more often on a low bench, the spirmer takes up a 
roll of carded wool or cotton. Non-Indian weavers call this a lap or a 
rolag. Holding the spindle in his right hand, he attaches one end of the lap 
just below the whorl by a series of twists. Next he lays the spindle across 
his thighs, the palm of his right hand resting on the shaft, above whorl. 
With his left hand he stretches the fiber into a long streamer, pulling it as 
far as he can reach. The spindle is then rolled along the thigh...rolling it 
away fi-om the body toward the knee. As this motion is repeated, more and 
more fiber is drawn into a strand which is twisted while the spindle turns. 
The twist is evened by grasping the yam in the right hand, while holding 
the spindle down beneath the foot - then pushing the twist upward while 
pulling the unspun yam as far as possible with the left hand. 

The upright loom upon which Pueblo men wove blankets contained fixed warp 

threads to receive the weft threads, aided by multiple wooden rods called "shed sticks." 

While seated on the ground in front of the loom, both arms of the weaver remained 

raised. One hand pulled a rod cormected to every other rear warp strand (the heddle) 

forward, to enable weaving of the weft strands over and under the ward with the other 

hand. A shed rod is situated in the next row which is pulled down to expose altemate 

strands. Depending on the nature of the weave, multiple sheds and heddles are in use at 

once (Fox 1978:25-29). Other wooden tools may be used to press down, straighten, and 

imtangle the weave, such as paddle-shaped batten, a comb, a pin, or a notched bar. 

The waist loom more often used by women employs a similar fixed series of warp 

strands and heddles used to separate the front and rear warps, but it is belted around the 

waist of a seated weaver, and arms/ hands need not be raised at the shoulder during the 
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process of weaving - it involves more focused use of the wrists and hands. Similar 

movements are involved in finger weaving, which is accomplished by attaching cotton 

strands to a secured pole and braiding, using sticks and rods to hold the weave. While 

making clothing and blankets is clearly a male responsibility in Pueblo culture (Bunzel 

1932; Parsons 1939), women wash clothes and blankets in the river by scrubbing on flat 

stones. 

Lange (1959) reports that both men and women participated in basket making, 

and suggests that the bisexual nature of the activity had great antiquity. The process of 

making baskets of interwoven fibers involved the use of both hands, feet, and, one's 

mouth. 

Pottery Production 

Pottery making as a habitual female task is universally recognized by 

ethnographers of the Greater Southwest. Introducing his study of Pueblo pottery 

manufacture, Guthe (1925:18) points out that "to the Pueblo woman pottery making is 

simply one of the mechanical household tasks, just as dishwashing is among us.. .each 

potter of today watched her mother make innumerable pots while she was growing up, 

and now with a family of her own, she makes pottery just as did her mother." The 

multiple stages that characterize pottery production in Pueblo villages appear to have 

been primarily performed by women, including quarrying transporting raw materials, 

processing clay by winnowing, crumbling, pulverizing potsherds for temper, mixing and 

kneading the clay. Women generally collect clay in groups from source deposits. An area 
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is cleared of surface debris, and clay is scooped out by hand and piled into a shawl or 

sack, and carried back to the village (see "load carrying" below). Clay is winnowed to 

remove undesirable particles in the same manner as grain (described above). The finer 

clay is blown from the basket into a shawl as the material is tossed repeatedly into the air 

with both hands, and stones and larger particles fall into the basket and are discarded 

(Guthe 1925:20-21). Grinding clay and sherd temper occurs next in this process. As 

Stevenson (1904:374) describes, "the clay is ground to a powder and mixed with a small 

quantity of pulverized pottery.. .the powder thus compounded is mixed with water 

enough to make a pasty mass, which is kneaded like dough." 

Bunzel (1929:6) reports that at this stage "kneading is a laborious task. The 

process of cleaning is continued as the clay is mixed, all the gritty particles being 

removed as the soft paste is worked between the fingers." The photographs of potters at 

the Tewa village of San Ildefonso published by Guthe (1925: Plate 12) illustrate clearly 

the amount of labor involved in the kneading process. In these depictions, the potter 

kneels in a similar position to that assumed during corn-grinding with a large pile of clay 

on the groimd in front of her knees. Both hands are placed on the clay, and the weight and 

strength of the upper body is brought to bear in process of kneading. The actual formation 

of the pot itself involves significant clay working with the hands and fingers. Coils of 

clay are formed by rolling paste between open hands. In this process, grit is picked out of 

the clay with the right thumb and forefinger. In some cases, the clay is "slapped back and 

forth between the cupped hands, which are held six to eight inches apart" (Guthe 
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1925:32) in the process of creating the rolls. Bunzel (1929:7) summarizes the initial 

process of vessel formation: 

In starting to mold a vessel, a lump of clay is first worked with the hands, 
and by hollowing this out, or pressing it flat, a cup or disc shaped base is 
formed, which is placed in a low mold...and the walls are built up by 
adding rounds of clay. The clay is rolled between the hands or on the floor 
into long thin strips which are added to the top of the vessel...The strips 
are always placed inside the finished wall and pressed into place with the 
fingers. 

Shaping of the vessel may be done with a damp, circular and convex gourd 

implement described at San Ildefonso as a kajepe. Shaping occurs with the right hand 

while the left hand supports the vessel wall. Guthe (1925:39) explains that "the women 

hold the kajepe with fingers either slightly bent, or nearly fiilly flexed; in the latter 

position the tool is grasped between the thumb and bent forefinger." The molding and 

building of the clay pot is followed by surface finishing, which Bunzel (1929:11) 

characterizes as "probably the most laborious part of the whole process of pottery 

making.. .when the vessel is thoroughly dry the rough finishing begins. The whole 

surface is moistened and scraped, inside and out with a knife, the top of a baking powder 

tin, or a rough stone. All the roughness is worn down." As with shaping, during scraping 

the vessel is supported with the left hand while the scraper is held in the right hand with 

flexed fingers. Following this stage, the vessel is slipped and then polished by rubbing 

repeatedly over the surface with a smooth stone. The polishing stone is also held in the 

right hand while the left supports the vessel. Guthe (1925:60) describes: 
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Before the sHp dries, the rubbing with the pohshing stone is begun. The 
stone is held between the thumb and the first two fingers of the right hand. 
The entire surface is gone over several times with a backward-forward 
motion in strokes about three or four inches long. Each stroke is made 
with the entire forearm, there being no noticeable play in either the wrist 
or fingers. This is a rather fatiguing and exacting process, for to obtain the 
best results all parts of the surface must receive equal attention. 

Painting vessels is likewise a right-handed activity, while the left steadies and turns the 

vessel. The position of the fingers in holding the brush is similar to holding a scraper, 

"with the fingers in the position used in holding a pencil or pen.. .the fingers of the right 

hand do not rest upon the vessel and the entire right arm is unsupported, although at times 

the elbow may be unconsciously steadied against the body" (Guthe 1925:67). 

Variations on this technique are corrmion to all the Pueblos, and the various stages 

in production are generally associated with women. Lange (1959:161) reports that 

"women generally decorate the pottery, though a few men are recognized as capable and 

are willing to assist." Pottery making appears to have occurred on a fairly regular basis. 

Kidder (1931:3) corrmiented to the fi-equency and intensity of pottery production at Pecos 

Pueblo: 

Like all Pueblo Indians, the Pecos were diligent potters. Their way of life 
required the use of many vessels for cooking and serving food and for 
carrying and storing water, and their supply of these fragile utensils 
naturally needed constant replenishment. So throughout the centuries the 
making of pottery never ceased; the potters art was never at a standstill; 
styles grew and changed, new wares were developed or were introduced 
and old ones dropped out of use. 

At San Juan Pueblo, Jacobs (1995) suggests that women performed all tasks -

including those that involved heavy labor - associated with pottery production, including 
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gathering large loads of manure or wood for firing materials, digging and transporting 

clay and sand from sources to the village, and collection of firewood for multiple 

purposes. 

Habitual Activities 

The preceding five categories of activities represent major areas of Puebloan 

economic life that require the habitual performance of certain tasks. These tasks have 

been areas of concern for archaeologists as they are associated with the production of 

material culture or result in the distribution of material signatures of behavior (such as 

faimal or botanical material). Clearly, these categories do not encompass all the 

possibilities for habitually performed activities in a Pueblo village. Additional activities 

derived from ethnographic literature are described below that due to repetitive or load-

bearing stress on the body could potentially impact skeletal morphology in terms of 

differential muscle or ligament robusticity or symmetry. 

Construction 

The sexual division of labor in house/village construction is recorded similarly by 

multiple ethnographers (Cushing 1920; Lange 1959; Beaglehole 1937; Hewlett and 

Dutton 1945), where men construct the walls using wood and stone brought into the 

village, and the women mixing and applying adobe and plaster. Houses are often re-

plastered by women, standing on ladders to reach the tops of the walls. Given historic 

descriptions and photographs of this task, it appears that both hands are used alternatively 
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to scrape off loose plaster, wet down the wall, throw on new plaster and then smooth it 

with hands or trowels (Hewlett and Dutton 1945:129). Such tasks may not have been 

performed often enough to be considered "habitual," however; Dozier (1970:127) reports 

that "the walls of Pueblo houses receive a fresh coating of mud plaster every year in order 

to protect them from torrential rains common in the summer time." Likewise, Goldman 

(1937:318) documents the seasonal nature of house construction, and suggests that 

plastering may be differentially undertaken by old women: 

Housebuilding is likewise a collective undertaking, and, since a new house 
is almost always built upon the occasion of the winter-solstice ceremonies, 
all the men of the same ceremonial group work together in cutting and 
hauling the lumber that will form the heavy beamed roof and in laying the 
adobe walls. The women, especially the old women, are the plasterers. 

Load Carrying 

Traditional methods of transporting loads and carrying children vary across 

historic southwestern corrununities. Raw materials such as clay, water jars, or other 

objects may be transported on one's head, balanced on the hip, carried on one's back in a 

sack thrown over the shoulder, or using a tumpline stretched across the forehead. For 

example, Gushing (1920:55) describes women carrying water jars to and from the well he 

encountered on his first visit to Zimi Pueblo in 1879, poetically explaining that "these 

water-carriers were a picturesque sight, as, with stately step and fine carriage they 

followed one another up into the evening light, balancing their great shining water-jars on 

their heads." 
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Fishing 

The few references to fishing describe it as an occasional communal activity with 

both sexes participating. Yucca nets are stretched across a river, weighted by stones. The 

river is then dredged by people holding each side of the net, standing on either side of the 

bank. When fish are caught, one side crosses the river and the net is hauled in with fish in 

it (Lange 1959). 

Working Hide 

There are descriptions of both males and females working hide, although as males 

have the primary responsibility for "clothing" the village, it the practice seems 

differentially associated with males (Stevenson 1904; Goldman 1937; Bunzel 1932). 

Hides are also used to make shields, and this is also a male responsibility. Men may 

scrape and then soften hides by pounding repeatedly with a stone on both sides (Lange 

1959). 

Jewelry Production 

Lange (1959:168) reports than men at Cochiti used a hand drill to make jewelry, 

and stresses the repetitive tediousness of this process. According to this description, "the 

turquoise bit was held in a block on one knee and the simple drill shaft was rolled 

between he open palm and the right leg.. .it was very slow work.. .even now it takes time 

and he spent two days in drilling one thin plate of turquoise he showed me." 
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Child Support 

While infants and children were reportedly cradle boarded rather than continually 

carried around (Hewett and Dutton 1945), there is some evidence of carrying with the 

non-dominant arm. Children may also be nursed "to the age at which it no longer desires 

the breast," which ranges 2-4 years, contingent upon the birth of siblings (Beaglehole and 

Beaglehole 1935). 

Biomechanical Implications of the Sexual Division of Labor 

Bioarchaeological research has demonstrated that overlap in the effect of different 

types of labor on the skeleton renders the isolation of particular tasks difficult except in 

well-controlled circumstances. Similarly, seasonal activities that occur habitually only 

during certain times of the year complicate the assessment of activity frequency, and 

some concept of frequency is important to developing expectations for skeletal signatures 

of activities. For example, labor related to agriculture occurs seasonally, and non-

agricultural labor (such as weaving, large-game hunting, and ceramic manufacture) may 

intensify at intervals during the agricultural cycle. Agricultural schedules impact 

gendered activities such as com husking and shucking, preparation of com for storage, 

transporting com, harvesting crops, preparing fields, and planting. Food and hide 

preparation activities associated with meat from large game would have been dependent 

on the timing and spoils of communal hunts. However, the activities necessary for daily 

life regardless of season (such as food processing and preparation) may produce a 

background skeletal pattern that is characteristic of women and men. 
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Tables 3.1, 3.2, and 3.3 compile the relevant biomechanical characteristics of the 

activities described in this chapter for tasks associated with females, males, and both 

sexes. As discussed above, the activities listed are not intended to be all-inclusive of the 

range of activities performed in a Pueblo community. Rather, the types of labor 

described reflect gross categories of activity-related movement. The data compiled here 

indicates that there is significant overlap in the types of movement resulting from certain 

activities. While the identification of single activities from patterns of muscular 

development on the skeleton may not be possible in this analysis, patterns of movement 

reflective of suites of activities may divide by sex. It is suggested below that there may 

be patterns of robusticity, stress, symmetry, and asymmetry involving groups of muscles 

and tendons that act together in suites of activities. 

Column A of each table contains general descriptions of activities. Column B 

assigns a sex role to the activity as primarily female, male, or both. Column C suggests 

possible age groupings at which such activities may have been performed, and column D 

proposes a frequency for such activities (daily, weekly, monthly, and seasonal). Activity 

fi-equencies are loosely derived from ethnographic descriptions, and are intended as a 

guideline for generating expectations, rather than accurate representations of actual 

frequencies. Agricultural activities that occur during the months of planting, field 

maintenance and harvest are listed as "seasonal," as are more specialized activities, such 

as the tasks related to ceramic production, large-scale hunting, and weaving, which may 

have occurred more intensively during lulls in the agricultural cycle. An activity 

described as "seasonal" is expected to occur daily during the appropriate season. 
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Column E summarizes the motions of the upper limb that occur during the 

activity. The terms flexion, extension, abduction, adduction, pronation and supination are 

commonly used to describe ranges of motion of the upper limb (Vale, Rokito, Birdzell, 

and Zuckerman 2001). 

Flexion and extension describe movement that takes body parts forward and 

backward, respectively, in the sagittal plane (the hypothetical plane dividing the body 

into left and right halves). Abduction and adduction occur in the coronal plane 

(perpendicular to the sagittal plane). Abduction occurs when a body part moves away 

from the sagittal plane, and adduction moves part of the body toward the sagittal plane 

(center of the body). Pronation and supination refer to the rotation of the hand and 

forearm. When the forearm is pronated, the palm turns to face backward from anatomical 

position, and supination turns the palm to face forward (Calais-Germain 1991). 

For the purposes of this study, only movements associated with the upper body 

are examined with respect to sexual divisions of labor. Although studies of structural 

changes in the lower limbs in response to changes in labor related to subsistence are 

productive areas of research (e.g. Bridges 1985; Brock and Ruff 1988; Ruff et al. 1984; 

Ruff and Hayes 1983), many of these studies have the advantage of access to cross-

sectional or computed tomographic data, revealing changes in cortical bone that are not 

accessible through simple observation. It is suggested here that areas of the body that are 

not directly affected by the stresses of habitual locomotion will be more sensitive to 

culturally specific activities. Column F proposes whether the movement should be 
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symmetrical or asymmetrical in terms of the right and left sides of the body, and the final 

column lists the muscles that are involved in producing the general movement . 

Even a fairly simple movement involves multiple muscles. The contribution of 

each muscle is not the same, however, and the muscles marked with an denote 

muscles differentially impacted by the activity that could produce meaningfiil patterns 

with other muscles. In other words, the muscles expected to produce an expression that 

may be unique to that activity are highlighted. For example, while the generalized 

movements for weeding a garden (pronation and supination, flexion and extension of 

lower arm) also involve abduction and adduction of the upper arms, the deltoid and teres 

major (the primary abductors and adductors of the arms) are not marked with a (*) 

because of the more significant involvement of these muscles in other habitual activities. 

In contrast, the action of picking up a child with one arm primarily involves the deltoid. 

Predictions made in this study of those muscles more significantly implicated in a 

generalized movement that in reality involves groups of muscles are guided by recent 

research in the biomechanics of the shoulder, elbow and wrist (Barr and Bear-Lehman 

2001; Jazrawi, Rokito, Birdzell and Zuckerman 2001; Vale, Rokito, Birdzell, and 

Zuckerman 2001). For example, the costoclavicular ligament figures prominently in 

motions which produce an upward elevation of the clavicle through the forward flexion 

and abduction of the arms, as occurs when grinding at a metate. This is due to the fact 

^ The general category of "flexors and extensors of forearm" refers to a group of muscles that flex and extend the hands 
and fingers, and palms; these muscles originate at locations on the humerus, radius, and ulna, and insert on the bones of 
the hand. They are: flexor carpi radialis, palmaris longus, flexor carpi ulnaris, flexor digitorum superficialis, flexor 
digitorum profundus, flexor pollicis longus, extensor carpi radialis longus, extensor carpi radialis brevis, extensor 
digitorum, extensor carpi ulnaris, abductor pollicis longus, extensor pollicis brevis, extensor pollicis longus, extensor 
indicis, extensor digiti minimi. 
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that the sternoclavicular articulation resists displacement during such motion primarily 

though the constraint of the costoclavicular ligament, as opposed to other ligaments that 

support this articulation (i.e. the anterior and posterior sternoclavicular ligaments and 

interclavicular ligaments) (Vale, Rokito, Birdzell, and Zuckerman 2001:320-321). 

Similarly, in some cases a certain movement must be sustained in order for a muscle to 

be activated. For example, although the brachioradialis is a comparatively w^eak flexor of 

the forearm, it operates with more force when the elbow joint is already flexed by one of 

its prime movers (Jazrawi, Rokito, Birdzell and Zuckerman 2001). 

One challenge in the development of expectations for the impact of certain 

activities on the skeleton involves filtering out the "noise" in repetitive activity stress, or 

distinguishing base muscular development from more specialized and habitual 

movements that may pattern out by sex. The deltoid, as a major abductor of the humerus, 

is involved to difi^erent degrees in all movements of the arms - it is indicated with a (*) on 

the chart when it is the predominant muscle involved in a movement, and is expected to 

become unusually developed as a result. The muscles and ligaments indicated in Tables 

3.1, 3.2, and 3.3 are fiirther restricted to ones that can be reasonably observed through 

their insertion or origin points on the skeleton using the methods proposed in Chapter 4. 

Data presented in these tables facilitates assessment of degrees of overlap in 

muscle involvement with different activities. Furthermore, they allow the identification of 

muscle groups that should be differentially developed by some types of labor. For 

example, while the triceps are implicated in numerous activities involving upper arm 

movements, grinding at a slab metate on one's knees represents a motion similar to doing 
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push-ups that differentially impacts the triceps in relation to other muscles used in the 

course of this activity. Additionally, the pectoralis major would be differentially affected 

by this activity, and should place stress on both the origin of the pectoralis major on the 

clavicle and its insertion on the greater tubercle of the humerus. Since many other 

muscles and ligaments insert at the greater tubercle as well, it is more productive to 

evaluate how the development of the pectoralis major origin on the clavicle compares to 

the development of the insertions of the heads of the triceps. Do they pattern together in 

female individuals? Are the other activities that could produce an identical pattern in 

males? 

Some researchers favor muscle insertions for analysis because the pull of muscle 

contraction is greater at the insertion point (e.g.. Hawkey and Merbs 1995). However, 

muscle origins, while not receiving the equal degree of force, are used in this study to 

control for the effect of large muscle insertions that are sensitive to many activities — or 

in the case of common insertions, many muscles. The deltoid and pectoralis major are 

cases in point — both have origins on the clavicle and insertions on the humerus. Since 

the deltoid is a large muscle, it has a large insertion at the area of greatest force. It 

requires a great deal of development for muscle origins to become robust on the clavicle. 

Combined with other patterns of muscular development, origin points may constitute 

more sensitive indicators of patterns of habitual movement than insertion points that 

grossly respond to multiple activities. In this scenario, the absence of significant bone 

remodeling at muscle origins can provide information regarding intensity and duration of 

activities. The criteria for evaluating such sites are outlined in Chapter 4. 
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Based on evaluation of the activities described in these tables and the nature of 

their associated movements, the following expectations for differential muscular 

development in males and females are proposed. 

Expectation #1: Symmetry and Asymmetry in the Upper Body 

In general, male activities are characterized by asymmetrical movements. Planting 

and field preparation involves movements of the prime movers of the upper arms and 

shoulders, and such activities involved differential use of the dominant arm. Weaving at 

an upright loom involved repetitive lifting of the dominant arm, and the drawing of a bow 

places differential stress on the triceps of the dominant arm. Although the non-dominant 

arm was certainly involved to some degree in these activities, none of the activities 

associated primarily with males involve definitively equal, repetitive movements of both 

sides of the body. In contrast, several habitual activities associated with women can be 

characterized as symmetrical. The method of carrying items on the top of the head or 

stretching a tumpline across the forehead directs symmetrical force through the trapezius 

and sternocleidomastoid. Winnowing grain requires that both arms be elevated above the 

head, producing symmetrical force on the prime movers of the arms and the 

costoclavicular ligaments. Grinding com or other grains at the metate and crushing clay 

also produces symmetrical force on groups of muscles. In contrast, bisexual activities are 

largely asymmetrical. Activities such as flint knapping, which was performed by both 

men and women in different contexts, involves the raising of the dominant shoulder when 

engaging in more coarse flaking with a hammer stone and piece of raw material, flexing 
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and extending the arm, and detailed movements involving the muscles and tendons of the 

wrist and hand in the course of pressure flaking. Given archaeological and ethnographic 

evidence regarding the importance of com processing by women, it is proposed here that 

the muscular symmetry achieved in the performance of these activities will mask 

asynmietry produced by bisexual activities. Thus, the first model proposes that in general, 

males will exhibit asymmetry in the muscles, tendons and ligaments of the upper body 

and females will exhibit symmetry. 

Expectation #2 and 3: Symmetry, Asymmetry, and Development in the Lower Arm 

Although the prime movers of the neck, shoulder, and upper arm are expected to 

be symmetrical in women and asymmetrical in men, the practice of ceramic production 

combined with women's roles in agriculture may produce asymmetry in the muscles and 

tendons of the lower arm, wrist, and hand in women. Women use these muscles in the 

habitual practices of gardening, husking and shucking com, washing, cutting and 

butchering meat, basketry and rope making, and pruning agricultural fields in addition to 

bisexual activities and various steps in ceramic manufacture (building a pot, scraping, 

polishing, and decorating). Moreover, since the asymmetry characteristic of male 

activities is concentrated in the large muscles of the upper arm and shoulder, women may 

show greater relative robusticity and evidence of stress in the muscles of the lower arm, 

wrist and hand than men due to the greater intensity of activities that require wrist and 

hand-focused movements. In sum, the second model proposes that women should exhibit 

a pattem of asymmetry in the muscles and tendons of the lower arm, wrist and hand. A 
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third proposition is that these muscles will be more developed in women than men, due to 

the greater intensity of activities that use these groups of muscles. 

These propositions are tested using data relating to the development of 

musculoskeletal stress markers. The specifics of this approach and an overview of 

bioarchaeological approaches to activity reconstruction are presented in the following 

Chapter 4. 
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Table 3.1 Female Activity Patterns 

Activity Frequency Generalized 
Movement 

Symmetrical 
Asymmetrical 

Primary muscles involved 
(upper arm) 

Gardening 
maintain 
small 
house 
gardens 

Daily Pronation 
and 
supination 
of lowers 
arms, 
flexion and 
extension of 
upper and 
lower arms 

Asymmetrical Anconeus*, biceps, brachialis*, 
brachioradialis*, 
coracobrachialis*, deltoid, 
flexors and extensors of forearm 
and hand*, pectoralis major, 
pronator quadratus*, pronator 
teres*, supinator*, triceps 

Picking up 
and 
carrying 
children 

Daily Abduction 
of dominant 
arm and 
shoulder 

Asymmetrical Costoclavicular ligament*, 
deltoid*, infi^spinatus, 
pectoralis major*, suprapinatus, 
teres major 

Bringing 
water to 
the 
household 
in jars 

Daily Flexion and 
extension of 
neck, 
sustained 
load bearing 
on neck and 
shoulder 
muscles 

Symmetrical Sternocleidomastoid*, 
trapezius* 

Husking 
com 

Seasonal Flexion and 
extension, 
pronation 
and 
supination 
of lower 
arms wrists 

Asymmetrical Anconeus, biceps, brachialis, 
brachioradialis, flexors and 
extensors of lower arm and 
hand*, pronator quadratus, 
pronator teres, supinator, triceps 

Carrying 
grain com 

Daily Sustained 
load bearing 
on neck and 
shoulder 
muscles 

Symmetrical Stemocleidomastoid*, 
trapezius* 

Washing 
wool or 
blankets 
on flat 
stones 

Weekly Flexion/exte 
nsion 
movements 
of upper and 
lower arms 

Asymmetrical Anconeus, biceps*, brachialis, 
brachioradialis, coracobrachialis, 
pectoralis major, triceps* 

House 
plastering 

Monthly Most 
movement 
in upper 
arms and 
shoulder 

Asymmetrical Costoclavicular ligament*, 
deltoid*, latissimus dorsi*, 
pectoralis major, teres major, 
trapezius 
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Activity Frequency Generalized 
Movement 

Symmetrical 
Asymmetrical 

Primary muscles involved 
(upper arm) 

Grinding 
com at 
metates 

Daily Flexion and 
extension/ 
abduction/ 
adduction of 
upper and 
lower arms 
and shoulder 

Symmetrical Anconeus, biceps*, brachialis, 
brachioradialis, 
coracobrachialis*, 
costoclavicular ligament*, 
deltoid*, infraspinatus, 
latissimus dorsi, serratus 
anterior, supraspinatus, teres 
major*, triceps* 

Shucking/ 
shelling 
com 

Seasonal Pronation 
and 
supination 
of hand and 
wrist, 
flexion and 
extension of 
wrist 

Asymmetrical Flexors and extensors of forearm 
and hand*, pronator quadratus*, 
pronator teres*, supinator* 

Cutting 
meat 

Daily Pronation/ 
supination, 
flexion 
extension of 
hand and 
wrist 

Asymmetrical Flexors and extensors of forearm 
and hand*, pronator quadratus, 
pronator teres, supinator 

Winnowin 
g grain or 
clay 

Seasonal Sustained 
abduction 
and 
extension of 
upper arms 
and shoulder 

Symmetrical Biceps, costoclavicular 
ligament*, deltoid*, 
infraspinatus, latissimus dorsi, 
levator scapulae*, pectoralis 
major, serratus anterior, 
supraspinatus, trapezius, 
triceps* 

Baking 
paper-
bread on a 
piki stone 

Daily Movement 
in lower 
arms as 
batter is 
spread over 
the stone 
and picked 
up 

Symmetrical Anconeus, biceps, brachialis, 
brachioradialis, triceps* 

Quarrying 
clay from 
the 
source, 
carrying 
back to 
pueblo in 
the form 
of dry 
lumps 

Seasonal Movement 
in upper and 
lower arms -
flexion and 
extension -
pressure on 
neck and 
shoulders 

Symmetrical 
and 
Asymmetrical 

Deltoid, latissimus dorsi, 
pectoralis major, 
sternocleidomastoid*, teres 
major, trapezius*, friceps 
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Activity Frequency Generalized 
Movement 

Symmetrical 
Asymmetrical 

Primary muscles involved 
(upper arm) 

Pulverizin 
g/crushing 
clay on 
metates, 
adding 
temper 

Seasonal Flexion and 
extension of 
upper and 
lower arms 
and shoulder 

Symmetrical Anconeus, biceps*, brachialis, 
brachioradialis, 
coracobrachialis*, 
costoclavicular ligament*, 
deltoid*, teres major*, triceps* 

Kneading 
moistened 
clay to 
soft 
consistenc 
y 

Seasonal Flexion and 
extension of 
wrists, 
hands, 
extremities 

Symmetrical Flexors and extensors of 
forearms, wrist, hand* 

Building 
vessels by 
coiling 
clay and 
scraping 
vessels 
with 
gourd 
scrapers 

Seasonal Detailed 
movements 
of the lower 
arms, wrist, 
hand and 
extremities 

Asymmetrical Biceps, brachialis, 
brachioradialis, flexors and 
extensors of lower arms*, 
pronator teres* and quadratus*, 
supinator*, triceps 

Firing 
pottery in 
a trench 
kiln 

Seasonal Bending at 
the waist, 
movement 
in lower 
arms 

Symmetrical Biceps*, brachialis, 
brachioradialis, deltoid*, flexors 
and extensors of forearm, 
pectoralis major, pronator 
quadratus, pronator teres, 
supinator, triceps* 

Grinding 
pigment 

Seasonal Detailed 
movements 
of the wrist, 
hand, 
extremities 

Asymmetrical Anconeus, biceps, brachialis, 
brachioradialis, flexors and 
extensors of lower arm*, 
triceps* 

Decoratin 
g pottery 
with 
yucca 
brushes 

Seasonal Pronation 
and 
supination, 
flexion and 
extension of 
the lower 
arm and 
hand 

Asymmetrical Flexors and extensors of lower 
arm*, supinator, pronator 
quadratus, pronator teres 

Polishing 
vessels 
with a 
polishing 
stone 

Seasonal Detailed 
movements 
of the wrist, 
hand, 
extremities 

Asymmetrical Flexors and extensors of lower 
arm*, pronator quadratus, 
pronator teres, supinator 

Grub-
finishing 
and leaf-
lifting^ 

Seasonal Detailed 
movement 
in lower 
arms, hands 

Asymmetrical Flexors and extensors of lower 
arm and hand* 
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Table 3.2 Male Activity Patterns 

Activity Frequency Generalized 
Movement 

Symmetrical 
Asymmetrical 

Primary muscles involved 
(upper arm) 

Spinning 
cotton 
with a 
spindle-
whorl 

Seasonal Pronation 
/supination 
of the lower 
arms 

Asymmetrical Deltoid*, pectoralis major*, 
pronator quadratus, pronator 
teres, supinator, teres major* 

Weaving 
on an 
upright 
loom 

Seasonal Movement 
in upper 
arms 

Asymmetrical Biceps, costoclavicular 
ligament*, deltoid*, 
infraspinatus, latissimus dorsi*, 
levator scapulae*, pectoralis 
major*, serratus anterior, 
supraspinatus, teres major, teres 
minor, trapezius, triceps 

Stringing 
the warp 
on an 
upright 
loom 

Seasonal Movement 
occurs in 
upper and 
lower arms 

Asymmetrical Biceps, costoclavicular ligament, 
deltoid*, infraspinatus, 
latissimus dorsi*, levator 
scapulae, pectoralis major*, 
serratus anterior, suprapinatus, 
teres major*, teres minor, 
trapezius, friceps 

Planting; 
Preparing 
a field 

Seasonal Movement 
in upper 
arms, 
shoulders, 
neck 

Asymmetrical Biceps, deltoid*, latissimus 
dorsi, pectoralis major*, 
trapezius, triceps* 

Planting: 
Clearing 
brush 
from the 
field with 
sticks 

Seasonal Movement 
in upper 
arms, 
shoulders, 
neck 

Asymmetrical Biceps, deltoid*, latissimus 
dorsi, pectoralis major*, 
trapezius, triceps* 

Constructi 
on of 
check 
dams, 
diversion 
dams 

Seasonal Movement 
in upper 
arms, 
shoulders, 
neck 

Asymmetrical Biceps, deltoid, latissimus dorsi, 
pectoralis major, trapezius, 
triceps 

"Staving": 
Using 
stone 
sickle-like 
tools 

Seasonal Movement 
in upper 
arms, 
shoulders, 
lower arms, 
and neck 

Asymmetrical Biceps*, deltoid, latissimus 
dorsi*, pectoralis major, 
trapezius, triceps* 
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Activity Frequency Generalized 
Movement 

Symmetrical 
Asymmetrical 

Primary muscles involved 
(upper arm) 

Hilling the 
corm with 
hoes (Elk 
scapula 
bound 
with 
rawhide to 
a wooden 
handle) 

Seasonal Abduction 
and 
adduction, 
flexion and 
extension of 
upper arms 
and shoulder 

Asymmetrical Biceps, deltoid*, latissimus 
dorsi, pectoralis major, trapezius, 
triceps* 

Hunting 
large 
game with 
bows and 
arrows 
and clubs 

Seasonal Movement 
in upper arm 
and shoulder 

Asymmetrical Anconeus, biceps, deltoid*, 
infraspinatus, pectoralis major, 
serratus anterior, supraspinatus, 
teres major, trapezius, triceps* 

Communa 
1 rabbit 
driving/hu 
nting with 
nets and 
sticks 

Seasonal Movement 
in upper and 
lower arms 

Asynmietrical Biceps, deltoid*, infraspinatus, 
latissimus dorsi, levator 
scapulae*, pectoralis major, 
serratus anterior*, supraspinatus, 
trapezius, triceps* 

House 
constructi 
on 

Seasonal Movement 
and load-
bearing in 
upper arms 
and 
shoulders 

Symmetrical 
and 
Asymmetrical 

Biceps, deltoid*, pectoralis 
major, trapezius, triceps* 
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Table 3.3 Female and Male Activity Patterns 

Activity Frequency Generalized 
Movement 

Symmetrical 
Asymmetrical 

Primary muscles involved 
(upper arm) 

Yucca 
rope 
making 

Weekly Flexion and 
Extension of 
lower arm, 
pronation 
and 
supination. 

Symmetrical Flexors and extensor of the 
forearm and hand*, pronator 
quadratus, pronator teres, 
supinator 

Climbing 
up and 
down 
ladders 

Daily Abduction 
and 
extension of 
upper and 
lowers arms 
and shoulder 
girdle 

Asymmetrical Biceps, costoclavicular 
ligament*, deltoid*, latissimus 
dorsi*, pectoralis major, teres 
major, trapezius, triceps 

Collecting 
firewood 

Daily Extensive 
walking, 
load bearing 
on lower 
and upper 
arms 

Symmetrical Biceps*, deltoid, pectoralis 
major*, trapezius, triceps 

Weaving 
on a waist 
loom 

Daily Movement 
in lower 
arms 

Symmetrical Anconeus, biceps, brachialis, 
brachioradialis, flexor/extensors 
of forearm and hand*, pronator 
teres, pronator quadratus, 
supinator 

Hide 
scraping 

Seasonal Movement 
in upper and 
lower arms -

Asymmetrical Anconeus, biceps, brachialis, 
brachioradialis, pronator teres, 
pronator quadratus, supinator, 
triceps* 

Hunting 
rabbits or 
small 
animals 
with sharp 
sticks and 
clubs 

Daily Movement 
in upper arm 

Asymmetrical Biceps, deltoid*, infraspinatus, 
latissimus dorsi, levator 
scapulae*, pectoralis major, 
serratus anteroir*, 
supraspinatus, trapezius, triceps* 

Butcherin 
g large 
game 

Seasonal Movement 
in upper and 
lower arms, 
hand and 
wrist 

Asymmetrical Biceps, brachialis, deltoid, 
felxors and extensors of forearm 
and hand*, pectoralis major, 
pronator teres and quadratus, 
supinator, teres major, triceps* 

Butcher 
small 
game 

Daily Movement 
in lower 
arms, hand 
and wrist 

Symmetrical Biceps, brachialis, flexors and 
extensors of forearm and hand*, 
pronator teres and quadratus, 
supinator, triceps* 
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Activity Frequency Generalized 
Movement 

Symmetrical 
Asymmetrical 

Primary muscles involved 
(upper arm) 

Flint 
knapping 

Weekly Movement 
of upper 
and lower 
arm, wrist 

Asymmetrical Biceps*, brachialis, 
brachioradialis, deltoid, flexors 
and extensors of lower arm*, 
latissimus dorsi, pectoralis 
major, pronator quadratus, 
pronator teres, supinator, teres 
major, triceps* 

Harvest 
crops 

Seasonal Load 
bearing 
stress on 
neck, 
shoulders, 
upper arms 

Symmetrical Deltoid, pectoralis major, 
stemocleidomastoid*, trapezius* 

Collection 
of 
unripened 
com from 
fields, 
carrying 
in 
blankets 

Seasonal Load 
bearing 
stress on 
neck, 
shoulders, 
upper arms 

Symmetrical Deltoid, pectoralis major*, 
stemocleidomastoid*, trapezius* 

Digging 
of com 
roasting 
pits 

Seasonal Movement 
in upper 
arms, 
shoulders, 
neck 

Asymmetrical Biceps*, deltoid*, latissimus 
dorsi, pectoralis major*, teres 
major*, trapezius, triceps* 

Basket 
weaving 

Weekly Detailed 
movements 
of the lower 
arms, wrist, 
extremities 

Symmetrical Flexors and extensors of forearm 
and wrist*, pronator quadratus, 
pronator teres, supinator 
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CHAPTER 4: BIOARCHAEOLOGICAL APPROACHES TO 

LABOR ORGANIZATION 

Documenting Activity Stress in Skeletal Populations 

It has been long recognized that habitual activity affects the appearance of the 

physical body. In her influential essay The Spearman and the Archer, Alice Brues 

(1959:467) concludes: 

...the customary conception of man as physically unspecialized should be 
regarded with doubt. In contrast to animals whose way of life is rigidly 
determined by their physical bodies, we are impressed with the physical 
versatility of man. However, it is interesting to speculate that even within 
our own species there has been some correlation between physique and 
habitual activity, resulting in a reciprocal influence between culture and 
body build. 

Brues is interested in the relationship between culturally determined activities and 

selection, in that individuals who are morphologically more suited to perform certain 

types of culturally prescribed habitual work should have a selective advantage. Yet the 

essential component of her argument represents a fundamental assumption in skeletal 

activity analysis: that habitual activity impacts the physical body and the skeleton and 

contributes to a measurable range of skeletal variation within a population. 

The primary task in any investigation of the impact of activity on the skeleton, 

then, is sorting out those factors contributing to skeletal variation. What skeletal features 

are actually being produced by repetitive occupational or activity stress, as opposed to 

other variables, such as body size, age, or sex? The nature of social and economic 
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organization of archaeological cultures will influence the ease with which activity 

patterns can be inferred from the skeleton. Complex societies characterized by 

specialized production strategies involving full-time craftspeople, for instance, would be 

good candidates for isolating the skeletal impact of particular activities and the 

morphological characteristics of the people who performed them. Non-state, middle-

range societies without rigid social stratification or specialized production (such as the 

village communities of the prehispanic Southwest) present a greater challenge, as labor 

organization and task assignment may be more fluid. Given this challenge, the previous 

chapter took the approach of documenting a wide range of activities that are known, or 

are assumed to have been performed, by members of a population, and from that 

information generated expectations regarding the impact of those activities on the 

musculo-skeletal system. 

The following chapter discusses the nature of previous research on activity 

reconstruction from the skeleton, including the use of musculoskeletal stress markers 

(MSMs). The particular methodology for recording MSMs developed for this study is 

described. 

Previous Research on Activity Stress 

Modem Western scientific concern with the effects of certain occupations on the 

physical body has roots in sixteenth century Europe in the form of documentation of 

pathological conditions associated with trades such as mining, painting, weaving, and 

manual labor involving heavy load carrying (Keimedy 1989). Such interests intersected 
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with the research of nineteenth-century physical anthropologists, who documented such 

"activity"-related traits as platycnemia and squatting facets in fossil hominids. In the 

twentieth century, scholarship related to the adverse effects of labor on the human 

skeleton was generally associated with the growing field of paleopathology (Buikstra and 

Cook 1980; Jarcho 1966). In this vein, research in industrial, and later sports medicine, 

focused on the identification of particular conditions associated with habitual activities 

(e.g., equestrian's buttocks and florist's fingertips; Kennedy 1989:132) and influenced 

anthropological concern with the skeletal signatures of activity in paleontological and 

prehistoric contexts. Seemingly simple descriptions of discrete skeletal signatures of 

particular activities are popular, and have persisted into recent literature on skeletal 

markers of occupational stress (Capasso et al. 2001). However, many of these skeletal 

"markers" represent the personal observations of early medical practitioners (as early as 

the eighteenth and nineteenth centuries), and such purported skeletal effects have 

remained scientifically untested since they were initially proposed. Caution must be 

exercised in the application of such markers to archaeological populations, as they are 

often based on anecdotal accounts rather than tested relationships. It is important to 

understand the particular context of a particular individual and population before drawing 

conclusions based on a given marker. 

Current anthropological and bioarchaeological research involving the effects of 

activity on the skeleton tends to fall into two general categories: large scale 

paleodemographic studies of the potential effect of socioeconomic transitions on the 



97 

skeleton, and descriptions of the relationship between a particular culturally-specific 

habitual activity or type of labor and an associated change in skeletal morphology. 

With respect to the former category, analysis of cross-sectional bone geometry in order to 

derive a measure of bone strength with which to compare agricultural and pre-agricultural 

groups has been used repeatedly, with varying results. Ruff, Larsen, and Hayes (1984) 

documented a decline in bone strength among prehistoric agriculturalists from the 

Georgia coast, suggesting that the intensification of agriculture may have actually 

resulted in reduced workloads. 

Bridges (1985,1989a and b, 1991) work with skeletal populations from 

Mississippian agricultural commimities yields opposite results. Working from the 

proposition that agricultural labor is generally more physically demanding than hvmter-

gatherer subsistence strategies. Bridges suggests that long bone sfrength (measured by 

bone dimensions and diaphyseal structure) ought to be greater among agriculturalists in 

response to increased mechanical loading. Furthermore, it is expected that women 

perform more of the habitual labor associated with intensified agricultural production, 

and thus ought to exhibit greater increases in strength than males. Bridges isolates 

categories of activities associated with the transition to agriculture (planting and 

harvesting, processing com by pounding) and proposes changes in bone structure and 

side symmetry based on these types of labor. Similar to the present study. Bridges 

suggests that women ought to display more symmetrical arm strength relative to men due 

to the activities associated with com processing (1989:386). The results of this study 

demonstrate that, indeed, general strength is greater for agricultural males and females. 
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and that overall strength increase among females is more widespread (affects a greater 

number of bones), reflecting the greater diversity of chores and activities performed by 

women. Bridges isolates the effects of one repetitive activity on the female skeleton, that 

of "pounding" com: 

Mississippian females show a dramatic increase in humeral strength and 
forearm dimensions, especially near the elbows and on both left and right 
sides. This may be associated with processing com in the traditional 
fashion. Southeastern Indians used wooden mortars made of hollowed logs 
and long pestles, held with both hands, to pound com. The major motions 
involved in this activity were flexion and extension at the elbow, as the 
arms were first drawn up together and then forcible straightened to drive 
the pestle into the mortar (Bridges 1989:392). 

While the cross-sectional geometric properties of bone can, in cases such as the one 

described above, be linked to particular activities, they are more often used to describe 

broad changes in bone stmcture over time that are presumably related to large scale 

changes in subsistence strategy - such as Ruffs (1987) documentation of decreasing 

sexual dimorphism fi-om middle Paleolithic to industrial societies. 

Studies that focus on reconstmcting the performance of a particular activity from 

skeletal remains tend to identify either a single skeletal signature or a suite of signatures 

that result from a habitual movement or posture that is strongly associated with that 

activity. For example, Ubelaker (1979) presented evidence for habitual kneeling postures 

among skeletal remains from prehistoric Ecuador in the form of changes in the superior 

distal metatarsals and 1®^ proximal phalanx due to "hyperdorsiflexion" of the toes while 

kneeling. In a similar vein, Kennedy (1983) argued that development of the supinator 

crest and deepening of the supinator fossa of the ulna was related to the use of spears and 
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atlatls in prehistoric populations. Such signatures were suggested to result from repetitive 

medial rotation of the arm at the shoulder and supination/pronation of the forearm. Lai 

and Lovell's (1992) study involving skeletal remains from a historic Canadian fiir trade 

period cemetery near a Hudson's Bay Company post focused on the identification of a 

suite of skeletal characteristics that together seemed consistent with kneeling in a canoe 

and roving. These researchers evaluated patterns of osteophytosis, vertebral arthritis, 

Schmorl's nodes, muscular robusticity, and arthritis at the elbow and shoulder as 

indicative of the labor performed by fiir traders. 

In a general sense, studies that take into account activity patterns, and generate 

broad skeletal expectations reflective of such patterns, appear to be the most successfial 

(Stirland 1993). Complicating factors such as age, sex, and body size are always an issue 

in studies of activity reconstruction. For example, although patterns of degenerative joint 

disease have been used to extrapolate to activity performance and shifts in subsistence 

strategy (e.g. Merbs 1983; Walker and Hollimon 1989), it is difficult to distinguish the 

effects of specific activities from normal degenerative changes associated with aging and 

wear and tear on the joints. Bridges (1991) has observed that in studies of the transition to 

agriculture, data relating to frequency and patterns of osteoarthritis contradict 

biomechanical evidence of bone changes in response to increased loading. 
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Musculoskeletal Stress Markers 

The primary category of data evaluated in this study is musculoskeletal origin and 

insertion points. Specifically, analysis concentrates on those areas of the bones of the 

upper limb (clavicle, humerus, radius, ulna, and metacarpals) where muscles, ligaments, 

and tendons originate from or insert onto the periosteum - the tough membrane overlying 

the external surface of bones - and into cortical bone (Shipman, Walker and Bichell 

1985). Hawkey and Merbs (1995:324) have termed such areas musculoskeletal stress 

markers (MSMs). Prior to this designation, physical anthropologists investigating muscle 

insertion areas referred to these areas as "enthesopathies," or bony lesions located at the 

site of muscle attachments (Dutor 1986; Genety 1972; Hawkey 1988; LaCava 1959; 

Merbs 1983). Although in some cases the term is used to refer generally to muscle 

attachment sites, a true enthesopathy describes a pathological condition rather than 

normal bone responses to stress (Nigel and Sit' 1979; Resnick and Niwayama 1983). The 

observation of muscle origin and insertion sites as a means to investigate activity patterns 

is preferable to pathology-driven categories of data such as degenerative joint disease. 

This is the case because the range of motion of the upper limb easily allows for the types 

of movement vmder investigation. The shoulder in particular is "the most dynamic and 

mobile joint in the body" (Valle et al 2001:319) and repetitive physical activity 

throughout one's life actually counteracts degenerative age-related decreases in the 

shoulder's range of motion (ibid: 319). 

The biomechanical principles imderlying most studies of activity analysis - those 

based on cross-sectional data relating to cortical area and bone distribution as well as 
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MSMs - are derived from Wolffs Law of Transformation regarding bone response to 

mechanical force. Simply, this law observes that "the organization of a bone reflects its 

fimction," and "changes in function or stress induce changes in structure" (Shipman, 

Walker and Bichell 1985:48). There is a relationship between the structure of bone - the 

formation and distribution of bone material - and the forces and stresses that act on bone. 

Bone tissue is dynamic and highly responsive to the needs of the body. Immature bone is 

formed, remodeled into mature bone, and old bone cells are resorbed in a cyclical and 

simultaneous fashion in order to continuously respond to mechanical, activity-related 

stress and strain as well as varying needs for calcium and other minerals (Shipman, 

Walker and Bichell 1985). It follows that the morphology of long bones may change in 

response to mechanical loading caused by activity performance. Investigation of changes 

in bone strength such as those conducted by Bridges (1989) and Ruff (1984, 1987) 

summarized above rely on the observation of changes in the distribution of cortical bone 

in the diaphysis in response to stress. Research involving MSMs focuses on the tension, 

or pulling force, that is applied to the particular area on external surface of a bone where 

muscles, ligaments, and tendons attach. 

Hoyte and Enlow (1966) have explored the implications of Wolff s Law for bone 

resorption and formation at muscle attachment sites, outlining the process through which 

tension exerted at the attachment stimulates the production of Sharpey's fibers - bundles 

of collagen that anchor the periosteum to the outer surface of the bone (the 

circumferential lamellae) (Shipman, Walker, and Bichell 1985:22). These fibers may 

become ossified, but repeated tension at the attachment site results in new bone formation 
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on top of these fibers as well, resulting in the crests of bone characteristic of MSMs. 

Although the observable impact of such remodeling on the outer table of bone is the 

focus of this study, stress at muscle attachment sites affects the inner table and the 

distribution of endosteal bone as well (Kennedy 1989:135). 

Researchers have defined and attempted to quantify musculoskeletal stress 

markers in various ways. Drawing on research in occupational and sports medicine, 

Dutor (1986) associated the presence of muscle attachment "enthesopathies" with over

use of muscles in the performance of a particular activity (i.e., tennis elbow). The 

enthesopathies Dutor identified among skeletal material from Neolithic Saharan 

populations were characterized by the presence of exostoses at attachment sites. The 

location of exostoses was interpreted as evidence of muscle over-use in activities such as 

javelin throwing, wood cutting, archery, and walking or running on difficult terrain. 

While Dutor's study appears to involve a presence/absence scoring of bony exostoses at 

attachment sites. Hawkey and Merbs (1995) generated visual criteria for scoring the 

range of development of MSMs and applied this system to their study of ancient Eskimo 

subsistence strategies and sexual division of labor. 

In contrast to Dutor's focus on acute stress resulting in a pathological response. 

Hawkey and Merbs suggest that varying degrees of robusticity at attachment sites reflect 

the cumulative effects of repetitive stress; 

In general, the periosteum is well vascularized, and the number of 
capillaries that supply the periosteum increases when the 
muscle/tendon/ligament-bone junctions are regularly subjected to minor 
stress. Osteon remodeling is stimulated by this increased blood flow, and 
develops where there is greatest muscular activity. Hypertrophy of bone. 
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in the form of a robust muscle attachment, is the direct result of this 
increased stress, and continual stress of a muscle in daily, repetitive tasks 
creates a well-preserved skeletal record of an individual's habitual activity 
patterns (Hawkey and Merbs 1995:324). 

These authors describe MSMs in terms of robusticity markers and stress lesions. 

Robusticity markers, which describe the visual and palpable characteristics of bone at 

MSM sites, are assigned qualitative degrees of development. Generally, a robusticity 

score of (1) indicates faint development - very little differentiation exists between the 

normal surface of the periosteum and the area of muscle or tendon attachment. A score of 

(2) indicates moderate development, where the elevation of the attachment site can be 

visually and manually distinguished from the underlying bone. A score of (3) represents 

"strong" development, characterized by a crest of bone at the attachment site. Stress 

lesions are defied as "a pitting or furrow into the cortex to the degree that it superficially 

resembles a lytic lesion" (Hawkey and Merbs 1995:329), and such markers are also 

scored on a faint-moderate-strong continuum. In their study, these scoring criteria are 

applied to MSMs on the bones of the upper limb (clavicles, scapulae, humeri, radii, 

ulnae) and differences in expression by age, sex, period, and location are examined. 

Using these data. Hawkey and Merbs identify a likely decrease in Kayak use though time, 

changes in hunting/subsistence strategy, and more intense involvement in rowing by 

females than expected fi-om other archaeological evidence. 

Subsequent studies using MSMs as a primary category of data used the scoring 

system described above. Munson-Chapman (1997), for example, used Hawkey's (1988) 

(and Hawkey and Merbs 1995) scoring criteria to evaluate possible differences in pre-
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and post-contact activity levels at Pecos Pueblo. Citing ethnographic evidence that 

demands for agricultural and other types of production from the inhabitants of Pecos 

increased after Spanish contact, Munson-Chapman hypothesized that post-contact 

skeletal remains ought to exhibit signs of increased labor intensity. Although few 

statistically significant differences were documented between these samples, the author 

argues that there is some evidence for increases in com production and processing 

activities. She concludes, however, that Spanish contact "...did not result in muscle 

exertion levels beyond those expressed by the inhabitants of Pecos prior to contact." 

Steen and Lane (1998) similarly used Hawkey's MSM scoring criteria to compare 

habitual activity patterns between and within two Alaskan Eskimo skeletal populations. 

This study evaluated MSM sites on the cranium and mandible (related to hide processing 

by chewing) and the upper and lower limbs. Differences in activity patterns were 

dociunented between the two populations for males and females, suggesting variation in 

behavioral, activity, and subsistence strategies between otherwise similar cultural groups. 

Sexual division of labor was documented within both groups. Peterson (1998) also used 

Hawkey's scoring system for both robusticity markers and stress lesions with respect to 

Natufian skeletal populations in order to investigate the signatures of specific hunting 

activities. This study attempted to differentiate between the skeletal signatures of 

spear/atlatl over-hand throwing and the use of the bow and arrow. Peterson documented 

significant right side upper-limb asymmetry among males, and greater robusticity among 

males than females with respect to muscles associated with throwing. However, it is 
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difficult from these data to differentiate between the effects of throwing and bow and 

arrow use. 

In a study of skeletal remains from the Iron Age cemetery of Pontecagnano, Robb 

(1998) used an independently developed visual recording system for MSMs similar to the 

stages employed by Hawkey and others. Robb's "grades" of development range from 1-5, 

and unlike the other systems, includes a unique scoring criterion for each individual 

muscle attachment site. In this way, the scoring system takes into account the unique 

characteristics of development of each MSM. In the interests of evaluating a range of 

activity expression, rather than specific activities, Robb scores multiple sites on the upper 

and lower limbs. These data demonstrated a general statistical association between 

increasing muscle development and increasing age, and suggested that males engaged in 

a greater diversity of habitual activities than females, based on an Index of Diversity for 

MSM sites between males and females. Subgroups of males and females were identified 

though cluster analysis that appear to have engaged differentially in strenuous activity. 

Robb suggests that this approach to generalized activity levels addresses problems 

inherent in isolating specific activities, and provides information relating to the 

"organization of physical effort" (Robb 1998:375). Churchill and Morris (1998) used 

Robb's scoring criteria to evaluate muscle-marking robusticity in prehistoric Khoisan 

foraging groups that occupied distinct biomes. In addition to the qualitative, graded 

marker scores, these authors also took simple metric measurements of the length, width, 

and breadth of some attachment sites. Drawing on expectations generated from optimal 

foraging theory, their results suggest that male subsistence activities may have been more 
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intensive in certain biomes based on factors such as tool use and the availability of 

resources. 

Alternatives to Hawkey and Merbs' (1995) and Robb's (1998) qualitative scoring 

methods have also been employed in the documentation of MSMs. Wilczak (1998) 

developed a method whereby the attachment site is rubbed with white chalk, videotaped, 

converted into a two-dimensional image, and measured using the NIH Image program. 

This study involved the analysis of individuals from multiple temporal and cultural 

contexts, including 20*'' century individuals, a prehistoric skeletal sample from Hawikuh, 

prehistoric remains from two sites in Kentucky, and protohistoric remains from Alaska. 

In general, Wilczak foimd evidence of greater sexual dimorphism among attachment site 

measurements than standard humeral measurements, and suggested that stress, 

geographic location, genetic variation, and cultural practices influence degree of sexual 

dimorphism. Additionally, Wilczak documents a general tendency towards bilateral 

humeral symmetry in attachment sites among females that she relates to biomechanical 

stress masking the expected effects of right side dominance. 

In a combination of methods for evaluating the impact of activity stress on bone, 

Stirland (1998) pairs qualitative scores reflecting development of MSMs (scores range 

from 0-4, similar to Hawkey's (1998) stages) with cross-sectional data relating to percent 

cortical area derived from x-rays. Given that repetitive activity stress ought to result in 

bone formation on the periosteimi as well as greater cortical area, Stirland attempts to 

compare the results of each method using skeletal remains from two contexts: King 

Henry VII's flagship the "Mary Rose," and a medieval Norwich cemetery. Results of 
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these investigations are mixed, but in general high qualitative scores for MSM sites on 

the upper limbs co-occurred with high values for percent cortical area. In one case, 

however, a high percent cortical area co-occurred with a low external robusticity score. 

Stirland suggests that this result reflects the problems inherent in attempting to isolate 

single muscles that actually operate in groups, and concludes that further study or 

interpretation is "doomed to failure" (Stirland 1998:360). Stirland makes only a half

hearted attempt to document specific activities associated with his sample populations, 

however, and makes no attempt to establish why bone may exhibit differences in external 

and endosteal growth. 

Development of MSM Scoring Criteria 

As is evident fi-om the above discussion, the use of musculoskeletal attachment 

data has been somewhat variable, and no universally applied method of quantitatively 

and qmlitatively measuring muscle insertions points has been developed. The collection 

of MSM data is in an experimental stage of bioarchaeological inquiry. Working with 

diverse collections, the scoring criteria defined by Hawkey (1988) and Hawkey and 

Merbs (1995) have been used by other researchers. These criteria are fairly general 

descriptors, but they set the stage for the development of population-specific assessment 

criteria for musculoskeletal attachment sites. Following Robb (1998), the present study 

developed individual scoring criteria for each muscle attachment site. Two types of data 

are recorded at each MSM under investigation: robusticity scores and metric 

measurements. Appendix A lists the robusticity score criteria developed specifically for 
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each muscle attachment site used in this study. These descriptive criteria were derived 

through observation of the range of variation among MSMs in the Grasshopper skeletal 

series, and rely on the nature and degree of rugged bone characteristics, as well as height 

(measured in millimeters) of crests or ridges of bone above the normal cortex. Scoring 

criteria vary for each MSM site. In this study, there are seven possible robusticity scores 

for each site: 0,1,1.5, 2, 2.5, 3, and 3.5. The inclusion of grades at the ".5" level 

primarily reflects the height of crests or ridges, and serves to distinguish between cases 

where distinct crests of bone are present, but difference in size exceeds .5 mm. Other 

scoring systems tend to group all MSMs that exhibit distinct crests into a single grade. 

However, the high frequency of adult individuals exhibiting such featiares in the 

Grasshopper sample necessitated that an attempt be made to distinguish among crested 

markers with a greater degree of precision. In many cases, length and width of the 

attachment sites are measured at the borders of the site. An attachment border is defined 

by the point at which the roughened area of origin or insertion meets the normal cortical 

bone. In addition to this, shaft diameter is in some cases measured at the point of greatest 

development on the attachment. This is not significantly different from measuring 

maximum shaft diameter, a common component of standard osteological analysis. The 

form used for collection of these data is included as Appendix B. Age, sex, and additional 

postcranial metric measurements were recorded following the guidelines set forth in 

Standards for Data Collection from Human Skeletal Remains (Buikstra and Ubelaker 

1994). The nature of the sample population is described in detail in Chapter 7. In sum, 

136 individuals (53 adult males and 83 adult females) comprise the sample taken from 
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the Grasshopper skeletal series. These individuals were chosen based on percent 

completeness of the bones of the upper limb (clavicle, scapula, humerus, radius, ulna, and 

metacarpals), ability to sex using pelvic criteria, and age. Juveniles were not evaluated for 

MSM sites, due to the complicating influence of secondary osteons at MSM sites that are 

unique to the rapidly growing skeleton (Hawkey and Merbs 1995). 

The robusticity scoring criteria developed for this study parallel the basic 

observational vocabulary used in the multiple studies described above, as well as the 

format for recording other qualitatively described osteological data, such as progressive 

phases describing age-related changes in the auricular surface and pubic symphyseal face 

(Buikstra and Ubelaker 1994). Intra-observer reliability tests performed on a 10% sample 

revealed no significant difference in the recorded scores. Furthermore, in regard to visual 

scoring systems for MSMs in particular, Steen and Lane (1998:347) observed that 

"research has shown that inter- and intra-observer error has proven negligible in a variety 

of studies utilizing a visual reference system for scoring skeletal remains." 

For the purposes of this study, not all of the variables listed in Appendix A were 

statistically analysed, as some variables were excluded due to missing data. Table 4.1 

lists the variables used and reported in data analysis for this study. Appendix C contains 

photographic representations of the robusticity categories associated with the MSM sites 

included in this study. 
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Table 4.1: MSM Variables included in data analysis 

Clavicle 

Anterior- Posterior Diameter at Midshaft 
Superior-Inferior Diameter at Midshaft 
Maximum Length of Deltoid 
Maximum Width of Deltoid 
Robustieity Score, Deltoid 
Maximum Diameter at Costoclavieuleir Ligament 
Maximum Length of Costoclavicular Ligament 
Maximum Width of Costoclavicular Ligament 
Robustieity Score, Costoclavicular Ligament 
Robustieity Score, Pectoralis Major: 
Robustieity Score, Trapezoid Ligament 
Maximum Diameter at Conoid 
Robustieity Score, Conoid Ligament 
Robustieity Score, Sternocleidomastoid 

Humerus 

Maximum Diameter at Midshaft 
Minimum Diameter at Midshaft 
Maximum Diameter at Deltoid 
Robustieity Score, Deltoid 
Robustieity Score, Coracobrachialis 
Robustieity Score, Lateral Head of Triceps 
Maximum Width of Pectoralis Major 
Robustieity Score, Latissimus dorsi 
Robustieity Score, Teres Major 
Robustieity Score, Brachioradialis 
Robustieity Score, Pronator Teres 
Superior-Inferior Diameter of Common Flexor Origin 

Radius 

Anterior-Posterior Diameter at Midshaft 
Medial-Lateral Diameter at Midshaft 
Maximum Diameter at Biceps 
Robustieity Score, Biceps 
Maximum Length of Pronator Teres 
Maximum Width of Pronator Teres 
Robustieity Score, Pronator Teres 
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Table 4.1 - Continued 

Ulna 

Anterior-Posterior Diameter 
Medial-Lateral Diameter 
Robusticity Score, Brachialis 
Robusticity Score, Supinator 
Robusticity Score, Pronator Quadratus 
Robusticity Score, Anconeus 

Metacarpals 

1®' MC: Robusticity Score, Opponens pollicis 
3'^'' MC: Robusticity Score, Transverse head of adductor pollicis 
5"* MC: Robusticity Score, Opponens digiti minimi 
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Table 4.2: MSM Robusticity Scores Collected 

Clavicle 

1. Robusticity Score, Deltoid 
2. Robusticity Score, Costoclavicular Ligament 
3. Robusticity Score, Pectoralis Major 
4. Robusticity Score, Trapezoid Ligament 
5. Robusticity Score, Conoid Ligament 
6. Robusticity Score, Sternocleidomastoid 

Humerus 

1. Robusticity Score, Deltoid 
2. Robusticity Score, Coracobrachialis 
3. Robusticity Score, Lateral Head of Triceps 
4. Robusticity Score, Latissimus dorsi 
5. Robusticity Score, Teres Major 
6. Robusticity Score, Brachioradialis 
7. Robusticity Score, Pronator Teres 

Radius 

1. Robusticity Score, Biceps 
2. Robusticity Score, Pronator Teres 

Ulna 

1. Robusticity Score, Brachialis 
2. Robusticity Score, Supinator 
3. Robusticity Score, Pronator Quadratus 
4. Robusticity Score, Anconeus 

Metacarpals 

1.1®' MC: Robusticity Score, Opponens pollicis 
2. 3'^'* MC: Robusticity Score, Transverse head of adductor pollicis 
3. S*** MC: Robusticity Score, Opponens digiti minimi 
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CHAPTER 5: OVERVIEW OF GRASSHOPPER PUEBLO 

Introduction 

The skeletal population used in this study was excavated from Grasshopper 

Pueblo in east-central Arizona, in the mountainous Mogollon Rim Highlands separating 

the Colorado Plateau from the Basin and Range of southern Arizona. Burial excavation 

was a standard practice of scientific archaeology when the project began in 1963, and 

approximately 674 individuals were recovered during the operation of the Grasshopper 

Field School. In 1979, J. Jefferson Reid assumed the position of Field School Director 

and, in the process of consultation with White Mountain Apace Tribe, halted burial 

excavation in response to Native American concerns (Whittlesey and Reid 2001:71). 

Mortuary excavation was not guided by a particular sampling strategy during field 

school excavations; rather, "burials were excavated as they were encountered within 

rooms, plazas, and extramural trash deposits" (Whittlesey and Reid 2001:70). The 

remains of young children were commonly encountered below occupied room floors, and 

subadults in trash-filled rooms. These locations were used repeatedly by Grasshopper 

inhabitants, resulting in disturbance of earlier burials by later interments. Whittlesey and 

Reid (2001) identify 263 individuals that were moved and reburied close by under such 

circumstances. Adult burials are clustered in plazas and extramural midden deposits. 

Overall, the greatest proportion of individuals in the Grasshopper skeletal population are 

under the age of 15; subadults, children, and infants (Hinkes 1983). While young 

individuals were clearly stressed in this population (Hikes 1983), some of this bias may 

result from archaeological recovery strategies focused heavily on room excavation 
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(Whittlesey and Reid 2001:73). Female individuals comprise the majority of the adult 

population, which has been attributed to higher mortality rates among women stemming 

from lack of access to nutritional resources such as meat and over reliance on com (Ezzo 

1993). 

Mortuary treatment varies by age, sex, and social and ritual membership at 

Grasshopper Pueblo. A normative pattern is followed, however, that may be further 

elaborated in terms of grave type, amoimt of energy expended, location, and ftinerary 

objects. The basic pattern cross-cuts other categorical distinctions: 

Normative treatment involved burial in a simple, rectangular pit without 
any elaboration or cover. The deceased was placed in a supine, extended 
position with arms and legs parallel to the body and feet uncrossed. 
Orientation was typically east-west, with the head placed to the 
east...Accompaniments also were highly standardized, consisting of 
ceramic vessels - predominantly bowls - presumed to have held offerings 
of food and water, personal ornaments, and little else (Whittlesey and Reid 
2001:74) 

The particular ways in which burials deviated from or elaborated on this general pattern 

are discussed in relation to sexual difference and social membership in the sections 

below. 

Representing the largest Pueblo IV period village in the region. Grasshopper 

Pueblo was likely inhabited by both local populations and people moving south from the 

Colorado Plateau during a period of large-scale migration and reorganization across the 

Southwest. The excellent preservation and large size of this skeletal population renders it 

extremely valuable for bioarchaeological investigations such £is the current study, and 

previous researchers have drawn upon this collection to address a wide range of topics 
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including health, diet, and biological distance (e.g. Berry 1983; Birkby 1973; Ezzo 1991; 

Fulginiti 1993; Hinkes 1983; McClelland 2003; Shipman 1982). This chapter summarizes 

aspects of previous research involving Grasshopper Pueblo that are relevant to the 

expectations of the present study. This chapter does not represent a comprehensive 

overview of all research conducted using data from Grasshopper. Rather, this chapter 

discusses evidence relating to the organization of labor at this pueblo, integrating 

mortuary and bioarcheological data to present a picture of the human population 

comprising this study. The general categories of labor that have been discussed in 

previous chapters with respect to the archaeology of the Pueblo IV period and 

ethnographic depictions of the historic period are explored in reference to Grasshopper 

Pueblo in particular. 

The Pueblo 

The establishment and aggregation of populations at Grasshopper Pueblo 

occurred rapidly in the beginning of the 14"' century, during a period of social and 

environmental uncertainty. Inhabitants of earlier Pueblo III period communities in the 

Grasshopper region (Grasshopper Spring and Chodistaas in particular) abandoned their 

villages and reestablished themselves elsewhere. A Pueblo III period site appears to have 

existed at the site of the Pueblo IV period Grasshopper Pueblo, and the occupants of the 

earlier site likely initiated construction at the pueblo. Riggs (2001:22) explains that "wall 

stubs and ceramics from under the fourteenth century pueblo indicate that the locale was 

occupied during the Pueblo III period...these initial inhabitants built the first 21 rooms in 

Room Block 2 atop the wall stubs of the older village." 
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Reid (1973) first modeled community growth though the identification of 

construction phases ordered fi-om earliest to latest. Riggs (2001) contributes additional 

data to these phases and notes that the combined result supports the conclusions of "long 

standing models of aggregation (that) attribute early community growth to immigration 

and later construction to the budding off of households as part of the domestic cycle" 

(Riggs 2001:123). 

Within these general phases (establishment, aggregation, dispersion, and 

abandonment), Reid identified 14 discrete construction phases reflecting the development 

of and additions to "core structures" (Wilcox 1975), also called "core construction units" 

(Riggs 2110:119), which represent stand-alone imits serving as the basis for accretional 

growth. Tree-ring dates indicate that construction of the Pueblo IV period pueblo began 

before 1300, possibly around 1275. Reid refers to this initial episode as the 

"establishment" phase. This phase has been difficult to refine throughout the history of 

research at Grasshopper, as the earliest rooms are beneath the main pueblo. 

Reid's "expansion" or "aggregation" phase is the best known period of 

construction and occupation at the pueblo, and is characterized by rapid village growth 

occurring from approximately A.D. 1300 to 1330. It was during this period that the three 

room blocks comprising the main pueblo at Grasshopper were built, situated on opposite 

sides of a channel of Salt River Draw. Room block 1 is also referred to as the East 

Village and Room blocks 2 and 3 comprise the West Village. Based on material culture, 

architectural, and biological evidence, Reid (1989) has associated the construction of 

Room block 1 with the former inhabitants of Grasshopper Spring, who were likely 
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migrants from the Colorado Plateau, and Room block 3 with groups from Chodistaas. 

Although Reid viewed Room blocks 1, 2, and 3 as the main pueblo and associated nearby 

Room blocks 5 and 7 with the other ten "outlier" room blocks surrounding the main 

pueblo, Riggs' (2001) research indicates that Room blocks 5 and 7 appear to be 

contemporaneous with the main pueblo, and room block 7 may have been connected to 3 

prior to the construction of a road that separated them (Riggs 2001:17). Tree-ring dates 

place these room blocks within the A.D. 1300-1330 construction phase, and likely prior 

to A.D.1320 (Riggs 2001:141). While Riggs recognizes the designation of Room blocks 

1, 2, and 3 as the main pueblo, he views the main pueblo and associated Room blocks 5 

and 7 as the "site core." 

Riggs' detailed analysis dating room block construction permits evaluation of 

growth rates, and suggests that rooms were built at a rate of seven to eight rooms a year. 

Following this model, it is proposed that 210-240 rooms were built in the main pueblo 

between A.D. 1300 and 1330. During this expansion period Room blocks 2 and 3 were 

extended to the south, and a roofed corridor was built between A.D. 1322 and 1325. 

Northerly growth resulted in the creation of Plaza II around A.D. 1320, and the Great 

Kiva was constructed around A.D. 1330. The 68 second-story rooms in the main pueblo 

are not dated, and could have been built early or late in the process of household 

expansion. The proposed number of rooms built in this period is likely a low estimate, as 

construction of Room block 1 is not well dated. Including both stories, Riggs estimates a 

total of 515 room spaces in the entire pueblo, contained within 13 room blocks and 20 

single rooms or small imits. The ten outlier room blocks are poorly dated - only Room 
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block 10 yielded a date range of A.D. 1318-1337. Riggs (2001: 22) summarizes the local 

and non-locally driven growth of the pueblo: 

Community organization during founding and early growth reflects a mix 
of social groups from areas within and outside the Grasshopper region. 
Architectural and biological evidence suggest that these different groups 
were localized within spatially discrete room blocks. Growth patterns 
indicate that newly arriving iirmiigrants built their dwellings near those of 
former immigrants with whom they shared some social tie. 

During the following "dispersion" phase (A.D. 1330-1390) (Reid 1989), Riggs 

estimates that only 187 groimd floor rooms were constructed, primarily in the 10 outlier 

room blocks. Substantial variability in outlier room block growth patterns and structure 

combined with the lack of dates render evaluation and comparison difficult (Riggs 

2001:142). Smaller room blocks may be occupied late or by small, isolated groups, and 

larger room blocks are interpreted as continuing inflows of immigrant household groups 

who continue to expand. The establishment of nearby Canyon Creek Pueblo (around 

A.D. 1327), Red Rock House (circa A.D. 1343) and similar sites coincides with this 

dispersion phase, when Grasshopper inhabitants may be occupying these satellite 

communities seasonally and ultimately year round after the abandonment of the pueblo. 

The dispersion phase culminates eventually in abandormient. There is little evidence of 

new room construction after AD 1350, and it suggested that the pueblo is completely 

abandoned by A.D. 1400. 
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Agriculture and Food Production at Grasshopper 

Multiple large Pueblo communities in the Mogollon region immediately 

surrounding Grasshopper are occupied during the 1300's. Recently, Triadan and Zedeno 

(2004) have compiled data relating to 14"* century settlement clusters encompassing the 

regions of Grasshopper, Point of Pines, Kinishba, Q Ranch, and Cherry Creek. Prior to 

the aggregation of large villages such as Grasshopper, seasonal occupation and 

utilization of natural resources in the Mogollon Highlands that encompass these five 

archaeological regions involved local Mogollon populations, groups from the Colorado 

Plateau, and limited evidence of populations from the Middle Little Colorado region 

(Triadan and Zedeno 2004:98). These authors suggest that the early familiarity of 

Colorado Plateau populations with the natural and social environment facilitated rapid 

community aggregation, in that "the dynamics of landscape knowledge and social 

networks, and the actual topography of the Mogollon Highlands, directly influenced both 

the formation of settlement clusters and their actual structure and variability" (Triadan 

and Zedeno 2004:99). 

Agricultural potential, combined with landscape familiarity and social networks 

was clearly a major factor in the organization of populations into large aggregated 

villages and settlement clusters. Triadan and Zedeno (2004:105) observed that "the cores 

of the clusters are generally formed by several large surface pueblos; the largest pueblos 

- Grasshopper, Kinishba, and Point of Pines - are situated on the edge of expanses of 

recent alluvial plains with the highest agricultural potential." Reid and Whittlesey (1999) 

indicate that the fairly lush natural environment of the Mogollon Rim (compared to 
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extreme drought conditions on the Colorado Plateau in the late thirteenth century) was 

attractive to farming communities and facilitated the practice of intensive dry farming 

and com cultivation at Grasshopper and surrounding contemporaneous villages. There 

are no rivers close to Grasshopper Pueblo. Prehistorically, a draw ran through the center 

of the main Pueblo that occasionally held water following rains. The primary water 

source for the community was seeps, springs and wells associated with the high water 

table; a large spring is located near the pueblo. Notably, Grasshopper Pueblo is located 

"in the midst of the largest continuous expanse of local agricultural land" (Reid 1989:83). 

Crops were watered exclusively with snowmelt and rainfall. There is limited evidence of 

check dams that may have diverted water to garden plots, but no irrigation ditches have 

been documented. Agricultural labor was accomplished with the use of stone hoes and 

wooden digging sticks. Botanical evidence indicates that the inhabitants of Grasshopper 

cultivated com intensively, as well as beans and squash (Bohrerl982). Cottonseeds have 

been recovered from Grasshopper and nearby Canyon Creek Pueblo, but cotton 

production was probably not substantial at either site (Reid and Whittlesey 1999). It is 

likely that dry farming was a successful subsistence strategy during the peak occupation 

of the Pueblo (A.D. 1300-1325) due to a period of above-average rainfall, which dropped 

off markedly after 1325 (Reid 1989). 

Kaldahl, Van Keuren, and Mills (2004:92) have noted that aggregation of 

disparate households into a large settlement (such as Grasshopper) may be motivated by a 

collective desire for a larger, integrated labor force that permits more intensified 

agricultural production than is feasible with smaller, extended household-based 
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communities. If the ability to intensify production at a communal level and thus 

potentially ameliorate food shortages for the entire community is indeed a major 

motivation for aggregation, agricultural labor ought to represent a significant enough 

labor activity to impact the physical bodies of village inhabitants. Moreover, it ought to 

effect them relatively equally within age and sex categories. Given the scenario 

described above (combined with analogous ethnographic descriptions of farming labor) it 

is probable that farming labor was a significant, seasonally regulated habitual activity for 

the adult male population at Grasshopper. Welch's (1996) research suggests that the 

transition from a more varied subsistence strategy, in which gathering and gardening 

were prominent to greater dependence on agricultural production occurred rapidly. 

Fueled by the immigration and influence of farming populations from the Colorado 

Plateau and the environmental impact of large-scale cultivation, commitment to 

agriculture contributed to the decline of Grasshopper Pueblo in later years. Dietary data 

derived though bone chemistry analyses points to a marked decrease in consumption of 

wild, gathered foods and subsequent increase in the proportion of com in the diet (Ezzo 

1993). Similarly, Berry (1983) documented high frequencies of dental pathologies 

associated with over-reliance on com in the diet. Given that reliance on com agriculture 

resulted in severe dietary stress that impacted the skeleton in both adults and juveniles 

(Ezzo 1993; Hinkes 1983), it is reasonable to expect that the high degree of dependence 

on agricultural production and the amount of physical labor involved in dry farming may 

have impacted the musculoskeletal system of Grasshopper Pueblo inhabitants. 
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Material evidence of food processing, particularly with respect to com grinding, is 

abundant at Grasshopper. Ciolek-Torrello's (1978, 1984, 1985) research on room types 

and functions points to the spatial delineation of intensively performed activities such as 

mealing and cooking. Mealing bins and food preparation materials are present in all 

"generalized" habitation rooms at the pueblo - rooms that shared processing and 

preparation activities with storage and manufacturing tasks. Significantly, "specialized" 

habitation rooms devoted almost exclusively to food preparation are also common. Such 

rooms are dominated by the presence of mealing bins and associated manos and metates 

as well as cooking pots and slab-lined hearths. The prevalence of such rooms points to 

not only the intensity of the performance of labor related to grinding and food 

preparation, but to the significance of sexual division of labor in the form of spatially 

segregated activity areas for women. The spatial delineation of grinding activities is more 

rigid at Grasshopper than at other Pueblo IV period communities. While there is general 

trend in the Pueblo IV period of grinding activities moving out of house rooms and into 

plaza areas (Ortman 1998), there are no outdoor mealing bins at Grasshopper. 

Ethnographic comparisons suggest that the rooms used exclusively for storage at 

Grasshopper were likely the domains of women as well. 

The overall heavy reliance of this community on com is clear from material 

culture and botanical evidence, as well as dietary studies derived from bone chemistry 

analysis (Ezzo 1993). The expectation in the present study that com-grinding activities 

will measurably impact the skeletal morphology of women is consistent with the 

archaeological evidence relating to intensity of food processing at Grasshopper. 



123 

Hunting at Grasshopper 

Deer and rabbits comprise the primary species hunted for subsistence at 

Grasshopper (Olsen 1990). Although artifacts that relate specifically to rabbit hunts as 

described ethnographically (such as nets and "rabbit sticks") have not been identified, the 

high relative frequency of leporids suggests that such activities occurred habitually. Olsen 

(1990:96) explains that "forming nearly 23 percent of the mammals recovered at 

Grasshopper, and almost 20 percent of the fauna as a whole, the leporids constitute one of 

the two major components of the site's mammalian subsistence system (artiodactyls is the 

other)." As discussed in Chapter 3, ad hoc rabbit hunting is generally associated with 

women and children in historic Pueblo commimities, while communal rabbit drives may 

be organized by adult males but involve all members of the community. By contrast, 

there is every indication that large-game himting was sharply divided by sex. Faunal, 

lithic, biochemical, and mortuary data recovered fi-om Grasshopper all indicate that large 

game was extraordinarily important to village subsistence economy, as well as to the 

structure of ritual and societal organization. 

Taxonomic frequencies indicate that artiodactyls comprise the second-largest 

order of animals recovered from Grasshopper Pueblo (Olsen 1990:131). Within this order 

deer (mule deer in particular) are highly represented. Due to the large number of artifacts 

in various contexts that rely on deer remains, it is likely that deer hunting was heavily 

tied to both subsistence and ceremonial organization. Olsen (1990:149) notes that: 

Aside from forming a major constituent of the site's subsistence base, 
these imgulates also provided an array of raw materials, most notably 
bone, fi-om which a variety of artifacts were fashioned. Modified bone 
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fragments indicate that skins were taken from a significant number of 
these animals, although none of the articles manufactured from them have 
survived interment. The elaborately incised and decorated bone hairpins 
and wands associated with many burials at Grasshopper attest to the ritual 
nature of some artifacts fashioned from artiodactyl elements. 

Towards the end of the occupation at Grasshopper, Olsen documents increasing intensity 

in deer procurement as evidenced by a wider representation of age classes in the faunal 

assemblage and greater utilization of carcasses - such as bone breakage for marrow 

extraction. Importantly for studies of activity reconstruction, it appears from the age 

structure and diversity of the faunal remains that hunting occurred year round at 

Grasshopper. Reid and Whittlesey (1999) suggest that over-hunting of the surrounding 

environment contributed to the ultimate abandonment of the pueblo. 

Hunting and animal procurement techniques are generally inferred from the 

substantial lithic assemblage from Grasshopper (Whittaker 1984), although Olsen 

identified two deer elements (sternum and scapula) that show signs of penetration by a 

projectile point. The sexual division of labor proposed for the practice of hunting likely 

extends to manufacture of the tools for hunting. Whittaker's study of individual variation 

in projectile points argues that hunters manufactured their own arrows. Moreover, the 

presence of manufacturing rooms at Grasshopper Pueblo characterized by lithic debris 

and bone artifacts associated with stone tool manufacture attest to the spatially segregated 

nature of the activity. 

While the prevalence of deer remains among the fauna and the nature and 

distribution of tools related to weapons manufacture are indirect evidence of the intensive 

participation of males in large-game hunting and hunting related-activities at 
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Grasshopper, the results of Ezzo's (1991,1993) bone chemistry analysis provides a direct 

biochemical link between game consumption and male economic spheres. In 

documenting dietary variation though time within the Grasshopper skeletal population, 

Ezzo found that male subsistence relied more heavily on meat than females, whose diet 

was comprised primarily of com. The lack of protein in the female diet may have 

contributed to endemic health problems associated with the higher mortality rate among 

females at Grasshopper (Whittlesey and Reid 2001). The marked differential access to 

meat between males and females is highly indicative of the exclusion of women from all 

activities related to hunting and meat acquisition. Such exclusion is represented in the 

mortuary data from Greisshopper as well. 

In general, male graves exhibit greater standardization than female graves - the 

high degree of variability in female grave type resembles that of children (Whittlesey and 

Reid 2001). The nature of funerary objects is an element of this standardization; only 

males were buried with projectile points, quivers of arrows and flintknapper's tool kits. 

Males characteristically were buried with around twice as many of funerary objects than 

females. "Ritual" tool kits and ceremonial objects are largely restricted to males as well. 

Sexual differences in mortuary accompaniments are related to apparent male dominance 

of ceremonial ritual and associated proposed ritual societies (Whittlesey 1999). It appears 

that the practice and accoutrements of hunting were intricately tied to both masculinity 

and male ritual organization. This situation is consistent with the expectation of the 

present study that men and women ought to exhibit morphological differences in skeletal 
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symmetry and robusticity related to heavily divided participation in habitual hunting 

activities. 

Ceramic Manufacture at Grasshopper 

Research concerned with ceramic manufacture has concentrated heavily on the 

production and distribution of the major categories of decorated wares from Grasshopper 

Pueblo: Cibola White Ware, White Mountain Red Ware, Roosevelt Red Ware, and 

Grasshopper Red Ware (e.g. Crovra 1981; Graves 1982; Sullivan 1984; Triadan 1997; 

Van Keuren 1999; Zedeno 1994). Although such studies have indicated that some 

quantities of these wares were not locally made (with the exception of Grasshopper Red 

Ware), a significant amount of both decorated and undecorated corrugated pottery was 

clearly manufactured at the Pueblo, presumably by women potters. 

The spatial separation of manufacturing tasks described by Ciolek-Torrello (1978) 

is indicative of the intensity and habitual nature of pottery-production related labor. 

Room types are defined by the material evidence of activities that were to some degree 

restricted to particular spaces. It is noted above that "specialized habitation rooms" were 

the primary spaces of food processing - in this vein, manufacturing rooms devoted at 

least in part to pottery manufacture differentially contained clay, polishing stones, 

pigments, and grinding implements for clay and temper. Given substantial quantities of 

locally made pottery and evidence of regular manufacture at Grasshopper, proposed 

skeletal signatures of labor associated with various stages involved in coil-and-scrape 
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pottery production derived from ethnographic analogy should be applicable to this 

population. 

Mortuary evidence and the distribution of funerary objects reflect the association 

between pottery making and women at Grasshopper. Whittlesey and Reid (2001:77) 

describe strict sexual division in grave goods: 

Certain types of utilitarian objects also were found predominantly with 
one sex or the other. Although rare in the sample as a whole, the class of 
stone tools including polishing, pecking, and rubbing stones was found 
only with female burials, hiferred ritual tool kits, flintknapper's tool kits, 
and clusters of projectile points were foimd only with males. 

The most striking difference between males and females with respect to mortuary 

treatment, however, occurs in the degree of effort and elaboration. By far, "...the most 

energy was expended on the interment of men, and they were accompanied by the most 

grave goods" (Whittlesey and Reid 2001: 76). Furthermore, the presence and distribution 

of certain objects associated with important social and ritual memberships are restricted 

to male burials. Whittlesey (1978) proposed the existence of four male societies 

represented by the presence of bone hairpins, shell pendants, shell tinklers, and 

arrowheads/quivers of arrows as funerary objects. The most elaborate burial observed at 

Grasshopper, Burial 140, is argued to represent the leader of the arrow quiver and bone 

hairpin societies. While Whittlesey (1999) argues that society membership rather than 

gender is the important factor in social identity at Grasshopper, the strict exclusion of 

women from a structuring element of social life is clear. Given the lack of female access 

to important nutritional resources dociunented by Ezzo (1993), such exclusion from 
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influential realms may have had serious bodily consequences, which may extend in the 

present study to the nature and intensity of habitual labor. 

Other Manufacturing Activities at Grasshopper 

As discussed above, stone tool manufacture is specifically tied to individual males 

at Grasshopper (Whittaker 1984) and ceramic manufacture to women. There is evidence 

of sexual divisions of labor in other manufacturing activities as well, such as the 

production of woven material and ornamental objects. Few woven materials have been 

recovered from Grasshopper due in part to conditions of preservation (Reid and 

Whittlesey 1999). Well-preserved baskets, mats, cordage, and textiles were recovered 

from nearby Canyon Creek Ruin, however (Haury 1934). Evidence for spinning and 

weaving cotton and apocynum at this site is substantial, and mortuary contexts associate 

such activities with women. In particular, a spinning kit consisting of raw cotton fiber and 

spun fibers wrapped around a spindle was recovered from a female grave. Although 

material evidence of basketry is sparse at Grasshopper, women may have been the 

primary weavers there as well; the loom anchors in kivas that associate men with 

weaving at other Pueblo IV period sites in the Southwest are absent at Grasshopper. 

Jewelry and ornamentation are common among Grasshopper funerary objects. In 

addition to the shell and bone ornaments found exclusively with male burials noted 

above, female burials are characterized by turquoise covered shell and rings made of 

bone and shell. Shell bracelets, turquoise ear ornaments, stone pendants, and stone and 
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shell beads are also found in mortuary contexts. While no shell ornament manufacture 

occurred at Grasshopper, mineral sources, including a turquoise mine, are present on the 

Grasshopper Plateau. Tools and raw materials relating to omament production were 

found in specialized manufacturing rooms (Ciolek-Torrello 1978). Room 113 in 

particular contained completed turquoise pendants, blanks, and raw turquoise sourced to 

the Canyon Creek turquoise mine (Welch and Triadan 1991). While strict gender 

attribution to the production of such objects is difficult to infer from the material record 

alone, turquoise jewelry production is associated with men in many historic Puebloan 

contexts (see Chapter 3). 

Social Difference 

Given the above discussion, it is clear that gender and ritual society membership 

constituted meaningful categories of social difference at Grasshopper that structured 

aspects of material life and personal experience. The age of an individual influenced 

social membership as well; distinct differences in mortuary treatment distinguish adults 

and children. As noted above, younger children and infants are buried beneath room 

floors, older juveniles (possibly representing initiated children) in trash-filled rooms, and 

adults are buried outside rooms in plaza and midden areas (Whittlesey and Reid 2001). 

Possible ethnic differences existed at the pueblo as well. As discussed above, 

multiple researchers have proposed the existence of more than one distinct cultural group 

living at Grasshopper. The occupants of earlier Pueblo communities on the Grasshopper 

Plateau settled at Grasshopper, and the rapid accretional growth of the pueblo in the first 
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two decades of the A.D. 1300's is suggestive of an inflow of immigrant groups. For 

example, the western room blocks (3 and 2) are suggested to have been occupied by 

earlier local peoples who moved from nearly communities such as Chodistaas, while the 

eastern potion of the site (Room Blocks 1 and 5) exhibits architectural characteristics of 

non-local populations, similar to the immigrant inhabitants of the earlier Grasshopper 

Spring Pueblo (Riggs 2001). With respect to construction at Room block 3 in particular, 

Riggs (2001:23) notes that "architectural variability is more extreme in Room block 3 

than in either of the two other main Pueblo room blocks. This variability probably results 

from a mix of local and non-local builders." 

Bioarchaeological studies have borne out architecturally based patterns indicative 

of co-existing cultural groups. For example, differences in the cranial effects of 

cradleboarding have been observed. Mogollon cradleboards appear to have been softer, 

resulting in minimal vertical-occipital flattening, while the cradleboards of Colorado 

Plateau migrants are more rigid and produce pronounced lambdoidal deformation (Birkby 

1973; Reid 1989). A third group has been suggested based on the absence of deformation 

(Reid 1989). These differences correspond to the architectural differences in the eastern 

and western room blocks. Furthermore, Birkby (1973) proposed the existence to two 

discrete biological populations occupying the east and west villages on the basis of 

cranial traits, and Shipman (1982) noted that certain traits of the axial skeleton diverge 

between east and west villages. Ezzo (1993) has further identified differential access to 

dietary resources among people occupying different room blocks. 
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In the present study, sex and adult age constitute the main categories of biological 

and social difference under investigation with respect to the effects of habitual labor on 

the skeleton. Other realms of membership were clearly important to the inhabitants of 

Grasshopper Pueblo as well, however, and could potentially contribute to variation in the 

nature and intensity of labor activities within this population. The relationship among all 

quantifiable elements of social difference and labor stress is a potential area for fiiture 

investigation. 
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CHAPTER 6: RESULTS OF STATISTICAL ANALYSIS 

Introduction 

The following chapter describes the results of statistical analyses of data collected 

for this study. First, the age and sex composition of the sample population is described. 

The specific dependent variables (musculoskeletal stress markers) recorded for this study 

are described in Chapter 4. Next, the overarching research questions addressed by these 

analyses are summarized. Following this, the particular method used for quantitative 

analysis of this data set is described. The results are then presented for each variable, 

organized by the bone under investigation. Finally, general patterns revealed in the 

sample population are presented. Statistically significant trends identified in the sample 

are compiled in this chapter, but interpretations of these trends are presented in Chapter 7. 

The Sample Population 

The fundamental goal of this study is to assess differences between males and 

females in this skeletal sample. However, the assessment of sex fi-om the skeleton 

involves the observation of miiltiple attributes. Moreover, several criteria involving the 

cranivim may be sensitive to non-sex factors, such as activity performance and age. Sex 

assessment criteria for this study follow the guidelines set forth in Standards (Buikstra et 

al. 1994). 

The possible categories for sex assessment in the study population are: male, 

probable male, female, probable female, ambiguous, and unknown. The skeletal sample 
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chosen for this study consists of 136 sexed male and female adults ranging in age from 

approximately 16 to 50+ years and possessing upper limb bones (clavicles, humeri, radii, 

ulnae and metacarpals) that are approximately 50-100% complete. Of these 136 

individuals, 80 were scored for MSM sites. The basic tally of individuals falling into the 

pelvic and cranial sex assessment categories is listed in Table 6.1. 

As shown in Table 6.1, the numbers of male or female sexed skeletons in the 

sample vary according to the assessment criteria applied. Twenty possible combinations 

of pelvic and cranial sex assessments are represented in this sample. There are no cross-

sex combinations in this sample; for example, there are no female or probable female 

scores associated with male or probable male scores. Table 6.2 lists the combined 

pelvic/cranial sex scores and the number of individuals characterized by each score. 

Cranial sex is more likely to reflect some degree of ambiguity than pelvic sex, as cranial 

sex assessment criteria can also be sensitive to other factors, such as body size, age, 

robusticity, and musculature. Figures 6.1 and 6.2 graphically depict the relative 

frequencies of pelvic and cranial sex scores. These figures demonstrate that cranial scores 

alone are likely to render high numbers of "probable" and "ambiguous" assessments than 

sex assessments derived from the pelvis. Given that there are no contradictory sex 

assessments in this sample, scores are collapsed into binary categories of "male" and 

"female," represented by the dummy variables 0 = male and 1 = female. This produces a 

sample population for this study of 53 adult males and 83 adult females taken from the 

Grasshopper skeletal series (Figure 6.3). The higher number of females in the sample is 

partially a product of the higher overall proportion of adult females relative to males in 
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the entire population. Whittlesey and Reid (2001) have indicated that the unusual 

representation of females is not a product of archaeological recovery strategies or 

preservation. Rather, it reflects the high mortality rates for females at Grasshopper, who 

exhibited marked nutritional deficiencies compared to males (Ezzo 1993). 

Age Distribution 

Adult age assessments are often represented by a range of years within which a 

given individual is expected to fall. During standard analysis, a range of 12-18 years was 

designated subadult (SA), 18-35 represented ayoung adult (YA), 35-50 a middle adult 

(MA), and above 50 years an old adult (OA). The fi^equency of individuals in the sample 

population falling into each of these categories is displayed in Figure 6.4. 

Although Figure 6.4 suggests that young adults and middle adults dominate the 

sample, the age distribution is difficult to interpret from the representation of categories 

driven by age ranges rather than a single numeric value for age. Figures 6.5 and 6.6, 

however, show the extreme ends of the age range for each individual. Figure 6.5 plots the 

low end of a given age range. As observed in Figure 4, there are high numbers of 

individuals falling in the 20's and 40's, which are represented by the young and middle 

adult categories. Figure 6.6, which shows the distribution of ages at the high end of the 

age range, exhibits a more pronoimced right skew. Figure 6.7 contrasts the two extreme 

ends of the age range. 

In order to facilitate the evaluation of musculo-skeletal stress marker variables 

across the entire age range, the midpoint of the two ends of the range is determined for 
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each case (individual) and used as a hypothetical age designation. The distribution of this 

variable is depicted in Figure 6.8, and resembles the right skewed distribution of scores 

representing the high end of the age range. The larger proportion of middle and older 

adults relative to younger adults seems to be driving the shape of these distributions. 

While it is crucial that this computed age variable is understood to be a heuristic device, 

and not the actual age-at-death of an individual, it is useful for the comparison of males 

and females. For example, Figure 6.9 demonstrates that males and females have the about 

same median age value and range of age values, with some differences in interquartile 

range that is likely a product of the higher number of females. 

Symmetry and Robusticity in the Upper Limbs 

The expectations for this study (described in Chapter 1) require the assessment of 

relative degrees of symmetry and robusticity in the upper limb bones of men and women. 

Standard metric measurements and/or musculo-skeletal attachment site data were 

collected from the left and right clavicle, humerus, radius, ulna, and metacarpals. The 

methods used for the identification and recording of these variables and specific 

descriptions of each musculo-skeletal stress marker (MSM) site are described in Chapter 

4. 
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Symmetry 

A fundamental expectation in this study is that males will exhibit asymmetry in 

the muscles, tendons, and ligaments of the upper body and females will exhibit 

symmetry. Symmetry is initially evaluated using standard post-cranial metric (non-MSM) 

measurements in order to establish a baseline degree of symmetry to compare to the 

MSM data. Next, metric measurements and robusticity scores describing particular 

musculo-skeletal stress markers are tested for symmetry. 

For each variable (standard metric and MSM robusticity score data), a coefficient 

representing degree of symmetry (asymmetry coefficient) is derived by subtracting the 

smaller value from the larger value. A coefficient of zero reflects perfect symmetry: there 

is no difference in value between the right and left side for a given variable. A coefficient 

above zero indicates some asj^nmetry. At this point in analysis, the side of the body 

affected is not considered; the basic question is whether or not there are gross differences 

in side symmetry between men and women. In order to determine if body size influences 

the asymmetry coefficient, a variable representing percent asymmetry is computed in 

several test cases. This value is achieved by dividing the symmetry coefficient by the 

smaller value and multiplying the result by 100 to express as a percent. This measure 

expresses degree of asymmetry as a percent of the smaller bone. The distribution of 

asymmetry by sex does not change when percent asymmetry is used in place of the 

symmetry coefficient (Table 6.105 and Figure 6.65 and 6.66). 
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Robusticity 

In addition to questions of synunetry, this study proposes that certain muscles, 

tendons, and/or ligaments will tend to be more developed in women than men, in 

response to the presimied intensity of some sexually differentiated activities. The method 

of scoring muscle attachment sites according to qualitative criteria representing degrees 

of robusticity was used in part to satisfy a need for a sensitive measure that could be 

applied without sectioning bone (see Chapter 4). Robusticity scores of MSM sites, as 

well as some metric measurements of MSM sites (such as maximum bone diameter at a 

particular MSM), are evaluated for sex differences. 

Quantitative Methods 

In this study, variables that describe symmetry and robusticity (asymmetry 

coefficients, robusticity scores, and post-cranial metric measurements) are dependent 

variables. Variance in these dependent variables is consistently investigated in relation to 

three independent (or "predictor") variables; sex, age, and body size. Sex, as discussed 

above, is represented by a dummy variable where 0 = male and I = female. Thus values 

approaching "1" or positive values are understood as representing "femaleness," and 

negative values are indicative of "maleness." There are two variables used for age in this 

analysis: midpoint age, which represents the midpoint of an age range characterizing one 

individual, and age group, for which a score of zero represents an individual falling into 

the younger half of the population (16-35) and a score of "1" represents the older half 

(35-50+). These binary variables for sex and age group were chosen to accommodate the 
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requirements of regression analysis, for which variables with multiple categories (non-

continuous) are less appropriate. The variable "age group" is only used in certain 

circumstances, however - age is most often represented by the continuous variable 

"midpoint age," which captures the entire range of age variation in the sample. The 

independent variable for body size is represented by maximum length of the bone in 

question, measured in millimeters (mm). Since bone length is not generally subject to 

change resulting from activity performance, maximum bone length is used to control for 

robusticity differences that are a product of body size rather than labor/activity patterns. 

This method of using bone length as a measure of body size is derived from Ruff, 

Trinkhaus, Walker and Larsen's (1993) method of using femoral and humeral length as 

an indicator of body size relative to midshaft cortical area. 

There are three main statistical approaches used in the evaluation of symmetry 

and robusticity in this study. The first involves simple tests of difference. Regarding 

symmetry, it is important to learn if there are statistically significant differences (more 

than would be expected to occur by chance alone) between males and females with 

respect to the asymmetry coefficient for a given standard metric or MSM variable. In 

most cases, the first step is to plot the distribution of asymmetry coefficients (using 

histograms or box-plots) in order to visually inspect for obvious differences or 

similarities in score frequencies between males and females. 

The next step is to test the hypothesis that females should tend to exhibit more 

symmetry than males with respect to a given variable (asymmetry coefficient). The null 

hypothesis is that there is no difference between males and females for a particular 
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variable. In some cases, the distribution of asymmetry coefficients (for the entire sample) 

is not normal and symmetrical, and thus non-parametric tests of difference (one-way 

analysis of variance) are employed. In the case of one-way ANOVA, if the probability of 

randomly selecting the F value is significant under an alpha of .05, the null hj^othesis 

that there is no sex difference in sjonmetry can be rejected. In some cases, even if the 

distribution of a variable is not normal, an independent samples t-test is performed. 

Often, the significance values obtained by the ANOVA and t-tests are virtually the same. 

Given the fairly robust sample size, it is usually appropriate to use the pooled variance 

probability value. 

The results of one-way ANOVA or t-tests reveal whether or not there are sex 

differences in syirmietry that are unlikely to have occurred by chance. Different statistical 

operations are used to determine which factors may be contributing to these differences. 

It is proposed here that sex, age, and body size contribute in differing degrees to variation 

in symmetry and robusticity of musculoskeletal stress markers. Thus, after tests of 

difference have been employed, correlation, regression, bi-variate, and multiple 

regression techniques are introduced. 

To describe each variable, whether a measure of symmetry (asymmetry 

coefficients for an MSM site) or robusticity (an MSM robusticity score or metric 

measurement), a correlation matrix is presented. The correlation matrix is a bi-variate 

arrangement that displays the relationship between one independent variable at a time and 

the associated dependent variable. Any correlations between a dependent variable and 

one of the three predictors are noted. The direction of the correlation is crucial for the 
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dummy variable representing sex: a negative correlation between sex and symmetry, for 

example, indicates that increasing asymmetry (zero = perfect symmetry and values higher 

than zero represent increasing degrees of asymmetry) is associated with maleness, since 

the dummy variable for male is zero (zero = "not female"). Thus a positive correlation 

between sex and the asymmetry coefficient indicates that asymmetry is correlated with 

femaleness. 

After the assessment of correlation, multiple regression techniques are employed 

in order to determine what proportion of variance in a dependent variable is explained by 

sex, age, and body size—combined and relative to each other. Multiple regression can 

answer two questions: (1) how much variance in the dependent variable is explained by 

all the independent variables acting together (provided by the R-squared value)? and (2) 

what is the relative importance of each independent variable (relative to every other 

independent variable) in causing unit change in the dependent (provided by the 

standardized partial regression coefficient, or Beta, which compares different variables in 

the same equation)? 

In this study, standardized partial regression coefficients are particularly usefiil as 

they reflect the amount of change in robusticity or symmetry associated with a 

standardized unit change in one of the independent variables (sex, age, and body size) 

while controlling for the effects of all the predictor variables. Thus, it should be clear 

how much variance in robusticity or symmetry is due to the activities of a person of a 

given sex, and how much is accounted for by the length of the bone (body size). Also, 

evaluation of partial regression coefficients (betas) for the predictor variable midpoint 
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age enables a detailed assessment of the contribution of progressive age-related changes 

to muscle attachment robusticity. 

Although correlation and regression results are presented together for each 

dependent variable, it is important to remember that they provide different kinds of 

information, and thus correlation and regression results are not always in agreement. For 

example, it is possible to have statistically significant correlations between dependent and 

independent variables in the correlation matrix, but find in the regression results that the 

predictor variable does not contribute to much of the variance. This result is not 

problematic, but rather represents an interesting feature of general linear model statistics 

when one has large sample sizes. As noted above, the correlation matrix is a bi-variate 

arrangement, taking into account only the one independent variable and the associated 

dependent under investigation. The "b" values (unstandardized partial correlation 

coefficients) and beta's (standardized partial correlation coefficients) show the 

relationship between the focal independent and the dependent variables, controlling for 

or taking out the effects of all the other independent variables in the analysis. So while 

the bi-variate correlation (also called zero order) between sex and symmetry (for 

example) may be significant, the beta for sex will "take out" the effect of age and any 

other independent variable in the equation and show only what change in the dependent 

variable is associated with a single standardized unit change in sex, and that result may be 

much lower than the correlation coefficient. Thus it is hard to conceptually compare 

standardized partial correlation coefficients (beta) with correlations, because beta 

measures "imit change" and correlation coefficients (at the interval level) measure 
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"explained variance." It should be understood that the beta, however, is a more 

"focused" measure of the impact of the target variable. In general, social scientists have 

not been careful enough about multivariate analysis. The regression analysis is always a 

more accurate view of the relative importance of the variables. In sum, the existence of 

correlations between dependent and independent variables are suggestive of relationships, 

but the proportion of variance in robusticity or symmetry that is explained by sex, age, 

and body size is a more convincing measure. 

The following results are organized by bone. For each bone in question, the 

results of statistical analysis for each dependent variable (metric measurement, 

robusticity score, or asymmetry coefficient) collected from that bone are presented with 

respect to questions of symmetry first and robusticity second. A summary of general 

trends and findings for each bone and the sample as a whole is presented at the end of this 

chapter. 

Clavicle: Symmetry 

On the clavicle, symmetry is first investigated using metric measurements of 

anterior-posterior diameter at midshaft and the superior-inferior diameter at midshaft. 

Subtracting the smaller shaft diameter from the larger value yields a coefficient of 

asymmetry. 
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Midshaft Diameter Symmetry 

Figure 6.10 compares symmetry coefficients between males and females for the 

variable anterior-posterior midshaft diameter. It is immediately obvious that both males 

and females have substantial outliers representing individuals possessing high asymmetry 

coefficients outside the normal range. Given the fairly robust sample size (n = 41 males 

and 59 females), it is possible that the outliers represent individuals with pathologies or 

other idiosyncratic factors resulting in higher than normal degrees of asymmetry. In order 

to assess the normal range of variation in the sample, all individuals with asymmetry 

coefficients higher than "1" were temporarily removed. The results are presented in 

Figure 6.11. Without the outliers, it is clear that on balance males and females have the 

same general range of values and the same median value of asymmetry. However, there 

are a higher proportion of females with values near zero (i.e., closer to perfect symmetry). 

Figures 6.12 and 6.13 demonstrate that degrees of symmetry are somewhat 

different for the superior-inferior diameter at midshaft compared to the anterior-posterior 

measurement. Figure 6.12 shows the presence of some outliers among females possessing 

high degrees of asymmetry outside the normal range. In the interests of comparing the 

normal range of variation among males and females, cases with values higher than 1.5 

mm were removed. Figure 6.13 shows the resulting distributions. There is some 

difference in synmietry between males and females; males have a wider range of values, 

higher overall degrees of asjoimietry, and a higher median asynmietry value. 

Figures 6.14 and 6.15 are histograms showing the distributions of asymmetry 

coefficients for A-P and S-I diameters for males and females. The outlying values 
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removed previously have been replaced in order to show the entire range of variation. 

Each of the four histograms exhibits a left skew towards zero (perfect symmetry). 

However, the superior-inferior symmetry distribution for males clearly shows a higher 

proportion of individuals with symmetry coefficients between .5 and 1.0 than the same 

distribution for females. Males also have a higher mean asymmetry value on the S-I 

distribution than females: 63 for males compared to .38 for females. 

Given these observations, tests of difference are used to evaluate the hypothesis 

that male clavicles (measured by the variable superior-inferior midshaft diameter) tend to 

be more asymmetrical female clavicles. Given that these distributions are not normal and 

symmetrical, non-parametric tests of difference are employed. The results of one-way 

analysis of variance are presented in Table 6.3. The probability of randomly selecting the 

F value is significant under a fairly stringent alpha of .01 (p = .008). The null hypothesis 

that there is no sex difference in clavicular symmetry is rejected. Although the 

distributions of this variable are not normal, a t-test was performed. The results are 

displayed in Table 6.4. The significance values obtained by the ANOVA and t-tests are 

virtually the same. Given the feiirly robust sample size, it is appropriate to use the pooled 

variance probability value, which is highly significant (p=.008). Again, it is possible to 

reject the null and conclude that there is some difference in symmetry in clavicles 

between men and women; specifically, that women are more symmetrical with respect to 

clavicle superior- inferior midshaft diameters and men are more asymmetrical. 

The relationship between sex and symmetry is ftirther studied using correlation 

and multiple regression. Table 4.1 lists the results of these procedures for the dependent 
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variable S-I midshaft diameter symmetry. The correlation matrix indicates that sex is 

negatively correlated to symmetry (p = .004). Given that the dummy variable for male is 

zero, a negative correlation between sex and symmetry means asymmetrical (increasing) 

values are associated with maleness, or decreasing values of sex. The R-square value 

indicates that the combined predictor variables (age and sex) account for around 8% of 

the variation in symmetry, which is significant (p< .05). The standardized partial 

regression coefficients, however, demonstrate that sex contributes a significant 

proportion of this variance in symmetry (p < .01). 

Svmmetrv in Clavicle Musculoskeletal Stress Markers 

The assessment of symmetry in the midshaft diameters of the clavicle is intended 

as a general starting point for finer-grained investigation of symmetry and robusticity in 

individual muscle attachment sites. Given that there is a statistically significant sex 

difference in S-I midshaft diameter symmetry, we might expect to see this difference also 

expressed in some or all muscle, ligament, or tendon attachment sites. Which MSM sites 

are symmetrical and which are asymmetrical may lead to a more precise reconstruction of 

the types of activities that are contributing to the overall asymmetry or symmetry in the 

clavicle (as measured by metric units of shaft diameter). For the clavicle, data were 

collected from the attachment sites for the deltoid, costoclavicular ligament, conoid 

ligament, pectoralis major, trapezoid ligament, and sternocleidomastoid. In some cases, 

metric measurements such as length, width, and shaft diameter were taken at attachment 

sites. For all sites, robusticity scores were recorded. Frequency distributions, tests of 



146 

difference, and correlation and regression are employed to test for sex differences in 

symmetry among these attachment sites. 

Deltoid 

Variables recorded for the deltoid origin MSM are maximum length, maximum 

width, and robusticity score. An asymmetry coefficient was computed for these measures 

by subtracting the smaller value from the larger value. Figure 6.16 shows the distribution 

of asymmetry coefficients for males and females with respect to maximum length of the 

deltoid attachment. Females have a median value of zero - perfect symmetry - while the 

median value for males is over 1. While females have a wide range of absolute values, as 

well as some outlying individuals with high asymmetry scores, males have a larger 

proportion of individuals with higher degrees of asymmetry. Although these distributions 

appear different, when tests of difference are performed, there are no statistically 

significant sex differences for this variable (p = .117) (Table 6.5). Symmetry coefficients 

for males and females for the variable maximum width of deltoid attachment are 

summarized in Figure 17. As with deltoid length, the median symmetry value for females 

is zero (perfect S)Tiimetry) while the median value for males is above zero, indicating 

asymmetry. Furthermore, males have a greater range of values, where the highest 

proportion of female individuals clusters close to symmetrical values. However, as with 

the other variables evaluated thus far, there are female outliers demonstrating asymmetry. 

Tests of difference applied to these coefficients indicate that there is a significant sex 



147 

difference in degree of asymmetry in deltoid attachment width at an alpha of .05 (Table 

6.6). In deltoid width males tend to be more asymmetrical than females. 

Robusticity scores for musculo-skeletal stress markers can also be evaluated for 

symmetry. For all MSMs, robusticity score categories are 1, 1.5, 2, 2.5, 3, and 3.5. The 

difference between large and small scores will indicate robusticity symmetry or 

asymmetry. The variable deltoid robusticity symmetry represents the asymmetry 

coefficient. Figure 6.18 shows the frequency of coefficients for female and male 

individuals, demonstrating that both sexes have some symmetrical and some 

asymmetrical scores. The ANOVA results displayed in Table 7 show that there is no 

difference between men and women with in symmetry of deltoid robusticity. 

Costoclavicular Ligament 

Variables recorded for the costoclavicular ligament attachment are maximum 

diameter, maximum length, maximum width, and robusticity score. 

Figure 6.19 depicts the range of variation in asymmetry coefficients for the 

maximum diameter of the costoclavicular ligament. While males have a higher median 

asymmetry value and females have a higher proportion of values approaching zero, both 

sexes posses a similar range of values and females have a cluster of values that are well 

outside the male range. This phenomenon has been observed above with respect to 

symmetry in A-P and S-I midshaft diameter and length and width of the deltoid: while 

females have a median symmetry value that is closer to zero (perfectly synmietrical) than 

males, females also consistently exhibit outliers that are within or beyond the male range. 
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As shown in Table 6.8, there is no significant sex difference in symmetry of diameter at 

the costoclavicular ligament. 

Figure 6.20 displays the range of asymmetry coefficients for maximum length of 

the costoclavicular ligament. The phenomenon of females exhibiting symmetry overall 

but possessing outlying values in the male range holds for this variable. When tests of 

difference are applied, there is a significant difference between males and females in 

symmetry (p < .01) (Table 6.9). In maximum length of the costoclavicular ligament, 

males are significantly more asymmetrical than females. This finding is further explored 

with correlation and multiple regression. Given the significant symmetry difference 

between males and females, we might expect sex to contribute to a significant proportion 

of variance in the asymmetry coefficient. Alternatively, it is possible that age may 

contribute to symmetry; are individuals of different ages differentially performing 

activities that may result in symmetrical or asymmetrical costoclavicular ligament 

lengths? 

The correlation and regression results for the dependent variable costoclavicular 

ligament length symmetry are presented in Table 6.9.1. In the correlation matrix, it is 

evident that sex is negatively correlated to the symmetry coefficient. Given that the 

dummy variable for male is zero, this relationship demonstrates that increasing 

asymmetry is correlated with greater "maleness." The R-square value shown in the model 

summary indicates that age and sex together predict about 27% of the variation in 

symmetry, which is highly significant (p = .001). However, looking at the standardized 

partial regression coefficients it is clear that age does not contribute significantly to 
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variation in symmetry, but that the beta value for sex alone is extremely significant 

(p<.01). Sex contributes significantly to variation in symmetry of the costoclavicular 

ligament regarding length of the attachment. 

As shown in Figure 6.21 and Tables 6.10 and 6.10.1, similar results occur for 

width of the costoclavicular ligament. There is a significant sex difference in width, albeit 

under a less stringent alpha (p<.05). Again, maleness is correlated to asymmetry. 

Examination of the partial regression coefficients shows that age does not contribute 

significantly to variation in symmetry, but sex is significant (p< .05). 

Frequencies of robusticity symmetry coefficients for females and males are 

displayed in Figure 6.22. There is no statistically significant sex difference, although 

among males there is a higher frequency of individuals with some degree of asymmetry 

in robusticity of the costoclavicular ligament. 

Conoid Ligament 

Variables describing the attachment site for the conoid ligament are maximum 

diameter at the conoid ligament and robusticity score. Figure 6.23 depicts the first 

divergence from the overall pattern of males possessing a higher median asymmetry 

value in attachment sites on the clavicle. For the variable maximum diameter at the 

conoid ligament females have a wider range of scores, higher overall asymmetry values, 

and a higher median and mean value. In terms of symmetry in robusticity score of the 

conoid attachment site (Figure 6.24), female individuals have a higher mean asymmetry 

value. Although these differences are not statistically significant for either diameter or 
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robusticity, on average, females exhibit more asymmetry at the conoid ligament site than 

males. In order to further examine the relationship between sex and asymmetry at the 

conoid ligament, correlation and regression operations were performed for the dependent 

variable maximum diameter at the conoid ligament. In the correlation matrix presented in 

Table 6.11, it clear that while sex is not correlated to the dependent variable, age is 

positively correlated with asymmetry at a significant probability value under an alpha of 

.05. Thus, as age increases for both males and females, degree of asymmetry increases. 

Furthermore, the beta coefficient for age and sex suggests age contributes significantly to 

variation in symmetry while sex does not. These results are quite different firom those 

reported for the deltoid and costoclavicular ligament, where sex appears to be the 

contributing factor. 

Pectoralis Major 

Robusticity scores were recorded for the attachment site of pectoralis major on the 

clavicle. Figure 6.25 displays the frequencies of pectoralis major asymmetry coefficients 

for males and females. Males have a higher mean asymmetry value, and a larger 

proportion of individuals exhibiting some asymmetry (above zero). These differences 

between males and females are not statistically significant. 

Trapezoid Ligament 

Robusticity scores were collected for the trapezoid ligament, and asymmetry 

coefficients computed. As shown in Figure 6.26, the majority of female individuals 
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exhibit perfect symmetry in trapezoid ligament robusticity, while about half of the males 

in this sample have asymmetrical trapezoid ligament sites. This symmetry difference is 

statistically significant (p<.01) (Table 6.12). 

Table 6.13 presents the correlation and regression results for trapezoid ligament 

symmetry. The correlation matrix shows that trapezoid ligament symmetry is negatively 

correlated to sex, indicating that increasing asymmetry is associated with maleness. Both 

age and sex together account for about 17% of the variance in asymmetry, which is very 

significant (p<.01). The betas, however, indicate that sex alone contributes significantly 

to the variance. 

Clavicle: Robusticity 

Midshaft Diameter Robusticity 

In order to compare midshaft metric measurements and MSMs as measures of 

robusticity, midshaft diameter is initially tested with respect to age, sex, and body size. 

The results of these operations for anterior-posterior midshaft diameter are listed in Table 

6.14. As the correlation matrix shows, sex is highly negatively correlated to both anterior-

posterior midshaft diameter and maximum length of the clavicle, indicating that males 

(male = 0) tend to have clavicles with both greater lengths and greater A-P diameters.. 

Age is not correlated to any other variable. The regression results demonstrate that age, 

sex, and maximum length (a measure of body size) together predict about 54% of the 

variance in A-P diameter, which is highly significant (p<01). When the standardized 

partial regression coefficients are examined, however, it is clear that only sex contributes 
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significantly to variation in diameter, controlling for the effects of all the other predictors. 

Since sex and maximum length are highly correlated to each other (introducing a 

collinearity issue), their combined variance accounts for the extremely high proportion of 

variance explained with all predictors. Evaluation of the betas, however, reveals that sex 

is the variable contributing significantly to variance in diameter. 

The results of the same operations for superior-inferior midshaft diameter are 

presented in Table 6.15. The results are expectedly similar - sex is significantly 

negatively correlated to both length and diameter, indicating that increasing length and 

diameter are associated with maleness. All predictors combined (age, sex, and body size) 

account for around 47% of the variation in diameter, which is clearly significant (p< .01). 

The betas show that both sex and body size contribute significantly to variation in S-I 

diameter, and size is more important relative to sex. Age does not contribute a significant 

proportion of the variance in diameter. 

Robusticitv in Clavicle Musculoskeletal Stress Markers 

Deltoid 

The correlation and regression results for the dependent variable deltoid 

robusticity score are shown in Table 6.16. Sex and clavicle length are negatively 

correlated (on average, males tend to have longer clavicles). In contrast to the results for 

the dependent variable midshaft diameter, however, age and robusticity are highly 

positively correlated under and alpha of .01, suggesting that robusticity increases with 

age. Sex is not correlated to deltoid robusticity. As shown in the model sxmmiary, age, 
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sex, and length combined predict about 24% of the variation in deltoid robusticity (p< 

.01). When the betas are considered, only age contributes significantly to variation in 

robusticity. 

This operation was performed for another measure of deltoid robusticity: the 

maximum length of the deltoid attachment site. These results are presented in Table 6.17. 

In the correlation matrix, sex, age, and size are correlated significantly to length of the 

deltoid. Sex is negatively correlated to length of the deltoid attachment, indicating that 

males tend to have longer deltoid sites. Age is positively correlated, suggesting that older 

individuals tend to have longer deltoid attachments. Finally, length of the clavicle is 

positively correlated to length of the deltoid, indicating that longer clavicles tend to have 

longer deltoid attachment sites. All the independent variables together predict about 25% 

of the variation in deltoid length (p <.01). When the standardized partial regression 

coefficients are considered, however, only age is contributing significantly to variation in 

deltoid length (p< .05) 

Costoclavicular Ligament 

The results of statistical operations on robusticity values for the costoclavicular 

ligament are presented in Table 6.18. The correlation matrix shows that both sex and age 

are positively correlated to costoclavicular ligament robusticity (p< .05). In contrast to the 

results for other variables (such as clavicle midshaft diameter), the positive correlation 

between sex and robusticity suggests that increasing robusticity is associated with greater 

femaleness. In sum, females tend to have more robust costoclavicular ligaments. It 



154 

follows that length (body size) is not correlated to robusticity in this case - since 

increasing length is negatively correlated to sex (as clavicle length increases, maleness 

increases). In terms of the multiple regression results, all the predictors (age, sex, and 

body size) combined account for about 24% of the variation in robusticity (p = .008). 

When the betas are considered, sex is slightly more significant than age (p = .007 and 

.012, respectively). Body size does not contribute to variation in robusticity. 

The fact that sex and age both account for a significant proportion of variance in 

costoclavicular ligament robusticity across the entire sample begs the question of which 

variables contribute to variation within different age categories. The correlation data 

indicate that as age increases, robusticity increases, and older females will exhibit the 

greatest degree of robusticity. But what is contributing to variation within groups of 

people of similar age? In order to address this question, correlation and regression 

operations are performed on selected age groups from this sample population. 

Youne Adults 

Table 6.19 presents results for individuals falling into a "young and sub-adult" 

range of ages (16-35). Both midpoint age and sex are used as predictors for robusticity in 

young adults, to determine if within the restricted range age differences predict 

robusticity. The correlation table demonstrates that midpoint age is not correlated with 

robusticity within the yoimg adult range, while femaleness is correlated with increasing 

robusticity (p< .05) Both age and sex together predict around 19% of the variation in 

robusticity. These combined predictors are not significant (p = .077), but the partial 
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standardized regression coefficients show that while age does not account for a 

significant proportion of variation in robusticity, femaleness contributes significantly to 

robusticity (p< .05). 

Middle/Old Adults 

The results of correlation and regression for a "middle and old adult" subset of the 

sample (35-50+) are presented in Table 6.20. The correlation matrix demonstrates a 

similar trend to the young adult subset: femaleness is again correlated to increasing 

robusticity vinder (p< .05). Age is not correlated with robusticity the middle/old adult 

subset. When the regression coefficients are examined, it is clear that age and sex do not 

account for a significant proportion of the variance in robusticity, combined or separately. 

Comparing these results to the sample as a whole (with all ages included), it seems that 

age accounts for a significant proportion of variation in robusticity across the entire range 

of ages - on balance, older individuals are more robust, regardless of sex. Both within the 

sample population as a whole and among young adults ranging 16-35, sex is highly 

positively correlated to robusticity, which indicated that increasing robusticity is 

associated with females. Among the subset of middle/older adult females, however, the 

proportion of variance in robusticity accounted for by sex drops to a level just below 

statistically significant. 
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Males 

In order to further investigate the relationship among sex, age and robusticity, the 

sample population was separated by sex, and correlation and regression performed. 

Within sex groups, robusticity of the costoclavicular ligament is evaluated in relation to 

age and body size. The results for males are presented in Table 6.21. The correlation 

matrix shows that age is strongly correlated with robusticity among males (p< .01). Thus, 

as age increases among males, robusticity increases. Younger males tend to be less robust 

and older males tend to be more robust. The predictor variable for body size, maximum 

length of the clavicle, is not correlated to robusticity. While the ANOVA table shows that 

the combined predictors do not account for a significant proportion of the variation in 

robusticity, the partial regression coefficients indicate that age contributes significantly to 

variation in robusticity for males. Body size is not significant. 

Females 

Table 6.22 presents the correlation and regression results for the female subset 

with respect to the dependent variable costoclavicular ligament robusticity and the 

predictors age and body size. In contrast to males, age is not correlated with robusticity, 

although body size is correlated to robusticity (p< .05). The results of multiple regression 

reflect the correlations; both predictors together account for about 21% of the variation in 

robusticity (p< .05). The betas indicate that only clavicle length is contributing 

significantly to variation in robusticity. Figure 6.27 plots female costoclavicular ligament 

robusticity scores against midpoint age. It is clear from the distribution of scores that 
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females have about the same range of scores regardless of age; young adult females are 

as robust as old adult females, while among males, young adult males are significantly 

less robust than old adult males. 

Maximum Diameter of the Costoclavicular Lieament 

Another measure of robusticity is maximiun diameter at the costoclavicular 

ligament. Table 6.23 displays the results of correlation and regression with respect to this 

dependent variable and the predictors age, sex, and body size. While only age is 

significantly correlated to maximum diameter, the combined predictors account for about 

17% of the variation in robusticity, which is significant under an alpha of .05. The betas 

further show that all three predictors contribute significantly to variation in diameter of 

the costoclavicular ligament. 

Trapezoid Ligament 

The results of correlation and regression for trapezoid ligament robusticity are 

presented in Table 6.24. As with the costoclavicular ligament, sex is positively correlated 

with robusticity, indicating that femaleness is associated with increasing robusticity in the 

trapezoid ligament. Age is also positively correlated with robusticity. Interestingly, the 

measure of body size, maximum length of the clavicle, is negatively correlated with 

robusticity - suggesting that shorter clavicles tend to have more robust trapezoid 

ligaments. This seemingly strange result is best imderstood in relation to the effect of 

overall sexual dimorphism. In this correlation matrix (and all the others presented thus 
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far) sex is negatively correlated to clavicle length, indicating that males on average have 

longer clavicles and females have shorter ones. Given the correlation between females 

and robust trapezoid ligaments, it follows that shorter clavicle length is correlated to 

greater robusticity. 

In terms of the multiple regression results, all the predictors combined account for 

about 29% of the variation in robusticity (p = .001). Examination of the standardized 

partial regression coefficients further indicates that sex (femaleness) contributes to 

variation in robusticity (p< .05), and is slightly less significant than age (p <.01). Length 

is not significant in the regression equation. The trends identified for the trapezoid 

ligament are similar to those found for the costoclavicular ligament. Subsets of age and 

sex were also investigated; these results are summarized below. 

Males 

Table 6.25 presents the male subset's correlation and regression results for 

trapezoid ligament robusticity and age and maximum clavicle length. The correlation 

matrix indicates that there is a significant correlation between age and robusticity; for 

males, as age increases, robusticity increases. There is no correlation between clavicle 

length and robusticity - so the measure of body size is not correlated to robusticity for 

males. The combined predictors do not accoxmt for a significant proportion of the 

variance in robusticity, but the standardized partial regression coefficient for age does 

account for a significant proportion of variance (p< .05). For males, robusticity increases 

as age increases, and age contributes significantly to variation in robusticity. 
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Females 

The correlation and regression results for the female subset are presented in Table 

6.26. As with males, age is positively correlated to robusticity (p< .05). In contrast to 

males, however, age does not account for a significant proportion of the variation in 

robusticity when both the combined and individual predictors are taken into account. 

Conoid Ligament 

Statistical results for the conoid ligament are similar to those for the 

costoclavicular and trapezoid ligaments. Table 6.27 depicts the correlation and regression 

results for the dependent variable conoid robusticity. The correlation table shows that age 

and femaleness are positively correlated to conoid robusticity and length is negatively 

correlated to robusticity, suggesting that shorter clavicles (a characteristic of female 

clavicles, given the negative correlation between sex and clavicle length) tend to be more 

robust. The regression results show that the combined independent variables predict 

about 28% of the variance in conoid ligament robusticity (p< .01). The standardized 

partial regression coefficients show that only age is contributes significantly to variation 

in robusticity, however. Age is indeed a critical factor in variation in conoid robusticity. 

When the sample population is broken down by age group, sex and length retain the 

correlation relationships they have within the entire sample, but do not contribute to a 

significant proportion of the variation in robusticity. 



160 

Males 

Within the male subset, age is positively correlated to robusticity (p<.01), 

indicating that robusticity increases with age (Table 6.28). The measure of body size, 

maximum clavicle length, is not correlated to robusticity. The regression results show 

that age and clavicle length together predict around 39% of the variation in robusticity 

(p<.05). When the beta coefficients are examined, however, age is contributes a more 

significant proportion of the variance in robusticity (p<.01). For the male subset, age 

strongly predicts variance in robusticity and increasing age is highly correlated with 

increasing robusticity. 

Females 

The female subset also exhibits a correlation between age and conoid ligament 

robusticity, but it is barely significant (p = .049) (Table 6.29). The male group, in 

contrast, has a correlation that is significant under a more stringent alpha (p = .003). For 

females as for males, length is not correlated to robusticity. The regression results for 

females show that neither the combined nor the separate independent variables (age and 

clavicle length) predict a significant proportion of the variance in robusticity. This is in 

stark contrast to the results for males, where age contributes significantly to variance in 

robusticity. 
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Sternocleidomastoid 

The resuhs for the analysis of robusticity of the sternocleidomastoid are listed in 

Table 6.30. Unlike the costoclavicular, trapezoid, and conoid ligaments, robusticity in the 

sternocleidomastoid is very sensitive to age, but not to sex or body size (clavicle length). 

The correlation matrix shows that age is very significantly correlated to robusticity (p = 

.000). Robusticity of the sternocleidomastoid increases vsdth age. The three independent 

variables combined predict about 30% of the variance in robusticity, but the beta 

coefficients show that only age contributes a significant proportion of the variance (p< 

.01). 

Humerus: Symmetry 

For the humerus, symmetry is first investigated using metric measurements of 

maximum and minimum diameters at midshaft and epicondylar breadth. For each 

variable, subtracting the smaller value from the larger value derives a coefficient 

representing degree of asymmetry. 

Midshaft Diameter Svmmetrv 

Figure 6.28 shows the distribution of asymmetry coefficients between males (0) 

and females (1) for the variable maximum diameter at midshaft symmetry. It is 

immediately clear that males have a higher median asymmetry value and a larger 

proportion of asymmetrical individuals. The median value for females is closer to zero 

(perfect symmetry), and females have a higher proportion of individuals with low 
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asynunetry values. Both sexes have some outliers with high asymmetry scores, which 

may be due to factors other than activity (such as upper arm pathology). The significance 

of this difference is evaluated using one-way ANOVA and independent samples T. These 

results are displayed in Tables 31 and 32. In each test, there is a significant sex difference 

in humerus maximum midshaft diameter symmetry (p< .01). Specifically, males tend to 

be significantly more asymmetrical than females. Table 6.33 summarizes correlation and 

regression results for the asymmetry coefficient. The correlation matrix confirms that sex 

is negatively correlated to symmetry, indicating that asymmetrical values are associated 

with "maleness." The model summary indicates that sex and age together account for 

about 9% of the variation in symmetry (p< .010. Examination of the standardized partial 

regression coefficients shows that only sex is contributes a significant proportion of the 

variance in symmetry (p = .003). Age does not influence degree of symmetry. 

These results are echoed for the related variable minimum diameter at midshaft 

symmetry. Figure 6.29 shows the distribution of asymmetry coefficients for minimum 

diameter; the range is much smaller than for maximum diameter, demonstrating that there 

is a smaller overall range of values for minimum midshaft diameter than for maximum 

diameter. However, the sex differences remain; males have a higher median asymmetry 

value and females are very close to exhibiting perfect symmetry. Table 6.34 confirms that 

there is a significant difference between males and females with respect to minimum 

diameter at midshaft symmetry (p<.01). 
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Epicondvlar Breadth Symmetry 

The range of variation for males and females in epicondylar breadth symmetry is 

quite different from midshaft diameter. As shown in Figure 6.30, males and females both 

tend towards overall asymmetry, and have virtually the same median asymmetry value 

(around 1 mm). The range of values is also similar between the sexes, although males 

have a few outliers with exceptionally large degrees of asymmetry. As expected from this 

figure, there is no statistically significant difference between males and females with 

respect to symmetry; both groups are characterized by moderate asymmetry. 

Symmetry in Humerus Musculoskeletal Stress Markers 

As with the clavicle, symmetry in MSM sites is investigated to determine if the 

patterns found with respect to traditional metric measurements also characterize muscle 

attachments. MSM sites scored on the humerus include the deltoid, latissimus dorsi, teres 

major, lateral head of the triceps, coracobrachialis, conmion flexor origin, and the 

pectoralis major. Similar symmetry distributions, where males tend to be asymmetrical 

and females syirmietrical, characterize all the musculo-skeletal stress markers presented 

below. Additional differences exist within sex and age groups. 

Deltoid 

The variable maximum diameter at the deltoid is expected to have similar 

characteristics as maximum diameter at midshaft, given the proximity of these two 

measurements to each other on the humerus. Figure 6.31 confirms this expectation; males 
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have much higher asymmetry coefficient values and a wider range of scores. Females 

exhibit some degree of asymmetry, but males are markedly more asymmetrical than 

females. This is confirmed statistically using one-way ANOVA. Table 6.35 presents the 

results of this operation, indicating that there is a statistically significant difference 

between males and females with respect to deltoid diameter symmetry (p = .000). 

Regression was employed as an exploratory measure to confirm that sex accounts 

for a significant proportion of the variance in deltoid diameter symmetry. As expected, 

sex is highly negatively correlated with symmetry (increasing asymmetry is correlated to 

maleness). Table 6.36 shows that sex and age combined predict about 28% of the 

variance in symmetry, which is highly significant under an alpha of .01. The standardized 

partial regression coefficients show that sex accoimts for a large proportion of this 

variance, and age barely misses significance (p = .055). In order to determine if age was 

indeed a factor in symmetry for males or females, the sample population was grouped by 

sex and evaluated by age. 

Figure 6.32 shows the distribution of female deltoid diameter symmetry scores for 

two gross age groups - yoimg/sub adults ranging in age from approximately 16-35 and 

middle/old adults ranging from approximately 35-50+ years. This graphic demonstrates 

that females falling in the yoimger group are more asymmetrical than females in the older 

age range. Table 6.37 shows the results of one-way ANOVA performed with respect to 

female symmetry between the age groups. There is a significant difference between 

younger and older females in symmetry (p< .05). Correlation and regression results are 

shown in Table 6.38. There is a significant negative correlation between midpoint age 
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and symmetry, indicating that increasing asymmetry is correlated to decreasing age; 

younger female individuEils are more asymmetrical in humerus deltoid diameter. The 

results of the simple regression demonstrate that age accounts for around 12% of the 

variance in symmetry for females (p< .05). 

By contrast, male individuals appear to have about the same degree of symmetry 

regardless of age. Figure 6.33 shows the distribution of asymmetry coefficients by age 

groups (0 = young/sub adults, 1 = middle/old adults). For both groups, males have similar 

ranges and median values for symmetry. There is no statistically significant difference 

between age groups for males with respect to humerus deltoid diameter symmetry. 

Symmetry is also investigated in deltoid robusticity. As shown in Figure 6.34, 

females tend to exhibit close to perfect symmetry in robusticity, with a few asymmetrical 

outlying individuals. Males, on the other hand, tend towards asymmetry in deltoid 

robusticity. This difference in robusticity symmetry between males and females is 

significant (Table 6.39). Age is not a factor in deltoid robusticity symmetry. 

Latissimus Dorsi 

Figure 6.35 shows the distribution of latissimus dorsi symmetry coefficients by 

sex. Female values are virtually completely symmetrical, with a single outlier. Male 

values are markedly asymmetrical. Table 6.40 presents correlation and regression results 

for the latissimus dorsi. Sex is strongly negatively correlated to symmetry, indicating that 

asymmetrical values are associated with maleness. The multiple regression results show 
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that both sex and age combined account for about 20% of the variance in symmetry (p< 

.01), while only sex is contributes significantly to variance in symmetry. 

Teres Major 

The distributions of female and male asymmetry coefficients for teres major 

robusticity are displayed in Figure 6.36. While females are characterized by some 

asymmetry, males tend to be significantly more asymmetrical. Table 6.41 shows the 

results of one-way ANOVA for males and females on this variable, demonstrating that 

there is a significant difference between these groups (p< .01). The results of correlation 

and regression analyses are presented in Table 6.42. Sex is significantly negatively 

correlated with symmetry (p =.004), confirming that males tend to be more asymmetrical. 

There is no correlation between age and symmetry. Furthermore, the regression results 

show that sex and age combined account for about 10% of the variance in symmetry, but 

the beta coefficients indicate that only sex is contributes a significant proportion of the 

variance in symmetry. 

Lateral Head of the Triceps 

Figure 6.37 shows the distribution of asymmetry coefficients for robusticity of the 

lateral head of the triceps by sex This figure clearly displays a significant difference 

between males and females: females are almost completely symmetrical, with all values 

save one outlier at zero (representing perfect symmetry), while males possess a range of 

asymmetrical scores. The correlation matrix in Table 6.43 shows that there is a highly 
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significant negative correlation between sex and symmetry (increasing asymmetry is 

associated with maleness). The regression results indicate that sex and age combined 

account for around 26% of the variance in symmetry (p<.01), but that only sex 

contributes a significant proportion of the variance in symmetry. Age is not a factor for 

either sex. 

Coracobrachialis 

The range of male and female asymmetry coefficients for the coracobrachialis is 

displayed in Figure 6.38. Female values cluster almost exclusively at zero (perfect 

symmetry), while a large proportion of males possess some asymmetry. Table 6.44 

indicates that sex is highly negatively correlated to syrrmetry (maleness is associated 

with asymmetry), and age is not correlated. Age and sex together accoimt for aroimd 23% 

of the variance in coracobrachialis symmetry, and only sex contributes significantly to 

variance. 

Common Flexor Origin 

The histograms in Figure 6.39 displays sex differences in symmetry of the 

superior-inferior diameter of the common flexor origin. The female distribution is skewed 

heavily to the left, indicating that with the exception of a few outliers, a substantial 

proportion of the female group is almost entirely symmetrical. The male group exhibits a 

normal appearing distribution, with both symmetrical and asymmetrical individuals at the 

tails and a large proportion of moderately syrrmietrical individuals. Given the normal 
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distribution of male symmetry coefficients, age is explored to determine if midpoint age 

and/or gross age groups influence degree of symmetry. Figure 6.40 shows the distribution 

of male asymmetry values among young adults ranging in age from 16-35 (group = 0) 

and middle/older adults ranging from approximately 35-50+ (group =1). This figure 

indicates that among males a larger proportion of young adults exhibit greater asymmetry 

than middle/old adults. Table 6.45 displays the results of correlation and regression for 

males on this variable. There is a highly significant negative correlation between 

midpoint age and asymmetry (p< .01). This indicates that asymmetry increases as age 

decreases; younger males tend to be more asymmetrical than older males. This 

relationship is depicted in Figure 6.42, which plots midpoint age against common flexor 

SI diameter symmetry. Furthermore, the simple regression results indicate that age 

accoimts for about 26% of the variance in symmetry for males (p = .014). 

These results mirror those for common flexor origin robusticity symmetry. Figure 

6.41 shows that females are almost completely symmetrical, while males have a range of 

asymmetrical values for common flexor robusticity symmetry. Table 6.46 shows the 

results of correlation and regression operations for males on this variable. Clearly, age is 

negatively correlated to asymmetry (p<.05). Older males tend to be more symmetrical, 

and younger males tend to be more asymmetrical. The regression results show that age 

predicts approximately 23% of the variation in symmetry (p<.05). 
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Pectoralis Major 

The variable width of the pectoralis major attachment site is consistent with the 

pattern of male asymmetry and female symmetry. Figure 6.43 shows the distribution of 

this variable for males and females. The male group exhibits a fairly normal distribution 

expressing a range of asymmetrical values. The female group is heavily skewed to the 

left, indicating a large proportion of females are largely symmetrical. Correlation and 

regression results for males and females combined demonstrate that indeed, there is a 

strong negative correlation between sex and pectoralis major width symmetry, indicating 

that increasing asymmetry is associated with maleness (Table 6.47). Age and sex together 

account for around 18% of the variance in symmetry (p< .01). However, an examination 

of the standardized partial regression coefficients shows that only sex contributes 

significantly to variance in symmetry. Age is not a factor in symmetry of pectoralis major 

width for either sex. 

Humerus: Robusticity 

Metric Measurements of Robusticitv 

Metric measurements of the humerus are first used as a measure of robusticity to 

create a basis for comparison between the results of standard metrics and musculoskeletal 

stress markers. 
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Maximum Diameter at Midshaft 

Table 6.48 displays the correlation and regression results for maximum diameter 

at midshaft. The correlation matrix demonstrates that body size (humerus length) and age 

are both positively correlated to midshaft diameter - as age and body size increase, 

diameter increases. Sex is negatively correlated to midshaft diameter, suggesting that 

increasing diameter is associated with maleness. The regression results show that all three 

independent variables combined account for about 18% of the variance in midshaft 

diameter (p< .01). Examination of the standardized partial regression coefficients, 

however, shows that only age contributes a significant proportion of variance in midshaft 

diameter. Figure 6.44 plots age against maximum midshaft diameter, labeling the cases 

by sex. This figure depicts the positive linear relationship between age and midshaft 

diameter for both males and females. While males tend to have larger midshaft diameters, 

age is the critical factor in shaft diameter for both sexes. 

Epicondylar Breadth 

Correlation and regression results for epicondylar breath are listed in Table 6.49. 

Age and body size (humerus length) are both positively correlated to breadth. Sex is 

negatively correlated to breadth, indicating that maleness is associated with greater 

epicondylar breadth. These correlations are all significant; sex and length fall under an 

alpha of .01, and age under an alpha of .05. The regression results are somewhat different 

for these variables. All the predictors combined (sex, age, and length) predict about 56% 

of the variation in epicondylar breadth, which is highly significant (p< .01). The 
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standardized partial regression coefficients, however, suggest that only age and sex 

contribute a significant proportion of the variance in breadth. These relationships are 

further explored by dividing up the sample population by sex. 

Males 

Table 6.50 displays the correlation and regression results for the male subset. It is 

clear fi-om the correlation matrix that only body size is positively correlated to 

epicondylar breath on the male subset (p< .01). Age is not correlated to epicondylar 

breath for males. Furthermore, the regression results show that while the predictors age 

and humerus length together account for about 38% of the variance in epicondylar breath, 

the beta coefficients indicate that only length is significant in the male subpopulation. 

Females 

The correlation and regression results for females are shown in Table 6.51. The 

results are markedly different among females than males; the correlation matrix shows 

that age is positively correlated to epicondylar breadth (p< .05). Body size, measured by 

humerus length, is not correlated to breadth in the female group. Figure 6.45 plots age 

against epicondylar breath for females graphically demonstrating that as age increases, 

epicondylar breadth increases. The regression results show that the two predictors (age 

and length) combined do not account for a significant proportion of the variance in 

breath. The beta coefficients show that age barely misses significance (p =.054). 
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Robusticitv in Humerus Musculoskeletal Stress Markers 

Deltoid 

The correlation and regression results for the variable maximum diameter at the 

deltoid are presented in Table 6.52. The correlation matrix shows that age and body size 

(humerus length) are positively correlated to maximum diameter at the deltoid (p< .01); 

increasing diameter at the deltoid is associated with increasing age and body size. Sex is 

negatively correlated to deltoid diameter, pointing to a relationship between maleness and 

larger diameters at the deltoid. The R-square value indicates that almost 40% of the 

variation in deltoid diameter is predicted by the three independent variables combined 

(p< .01). The standardized partial regression coefficients, however, show that only age 

and body size (not sex) contribute significantly to variance in diameter at the deltoid. 

These relationships are further explored though evaluation of the separate sex groups. 

Males 

Correlation and regression results for the male subset are presented in Table 6.53. 

Both age and body size are positively correlated to diameter at the deltoid. The male 

pattern mirrors the sample population; increasing age and body size are significantly 

associated with increasing diameter at the deltoid. The regression results are consistent 

with this observation; age and length combined account for around 69% of the variance 

in deltoid diameter (p< .01). Examination of the beta coefficients show that each of these 

independent variables accoimt for a significant proportion of variance in deltoid diameter, 

wdth size more significant than age. The association between increasing age and 
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increasing deltoid diameter for males is depicted in Figure 6.46; older males tend to have 

larger shaft diameters at the deltoid and younger males tend to have smaller ones. 

Females 

Table 6.54 displays the correlation and regression results for the female subset. 

The correlation table reveals a different pattern than for the male subset; only body size is 

significantly positively correlated to deltoid diameter. The regression results bear out this 

trend. Age and length combined account for around 22% of the variance in deltoid 

diameter (p< .05), yet the beta coefficients show that only length is contributes 

significantly to variance in diameter at the deltoid. For the female group, age is not 

associated with increasing diameter at the deltoid. Figure 6.47 compares age and diameter 

for females, demonstrating that females at all ages tend to be characterized by about the 

same range of values for deltoid diameter. 

Deltoid Robusticitv 

Correlation and regression results for the variable deltoid robusticity are presented 

in Table 6.55. From the correlation matrix it is clear that only age is significantly 

correlated to deltoid robusticity. The R-square value indicates that the three predictors 

account for about 45% percent of the variance in robusticity (p< .01). The standardized 

partial regression coefficients show that only age predicts a significant proportion of the 

variance in robusticity. Further investigation reveals that age is significant for both males 

and females; Figure 6.48 demonstrates that for both males and females, age increases as 
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robusticity increases. Correlation and regression operations performed for the male and 

female subsets reflect the combined results. In sum, body size and sex are not statistically 

associated with deltoid robusticity; for both sexes, age is the critical factor. 

Common Flexor Origin 

Table 6.56 presents the results for the variable superior-inferior (SI) diameter of 

the common flexor origin. In terms of the correlation analysis, age and body size 

(humerus length) are positively correlated to common flexor SI diameter. Sex is 

negatively correlated to flexor origin diameter, such that larger diameters are associated 

with maleness. These correlations are all significant (p< .01). Regression results indicate 

that sex, age, and length combined account for approximately 60% of the variance in 

flexor origin diameter (p< .01). Examination of the standardized partial regression 

coefficients reveals that only sex and age, not body size, are contribute significantly to 

variance in flexor diameter (p< .01). The sample population is divided by sex in order to 

separately assess the contribution of age and body size to flexor variation. 

Males 

The correlation and regression results for the male subset with respect to common 

flexor origin SI diameter are presented in Table 6.57. The correlation matrix shows that 

strictly among males, age is not correlated to, or contributing to variance in, flexor SI 

diameter. Body size appears to be the significant factor, as it is positively correlated to 

flexor diameter, and accounts for a significant proportion of the variance in diameter: 



humerus length and age together predict about 38% of the variance in common flexor 

diameter. The beta coefficients show that only length is significant (p< .01). For adult 

males, body size predicts a significant proportion of the diameter of the common flexor, 

while age is not a factor: males of all ages have a similar range of values for flexor 

diameter. 

Females 

Table 6.58 presents the correlation and regression results for the female subset. In 

contrast to males, age is significantly positively correlated to diameter for females (p< 

.01). Body size, measured by humeral length, is not correlated to flexor diameter. The 

regression results indicate that the combined effects of age and length account for about 

20% of the variance in flexor diameter (p< .05). When the beta coefficients are 

considered, only age is contributes significantly to variance in diameter (p< .01). Age is 

an important factor in flexor diameter among women, with older females tending to have 

larger common flexor diameters. This relationship is graphically depicted in Figure 6.49: 

as age increases, diameter increases. 

Pronator Teres 

Results of correlation and regression analysis for the variable robusticity of the 

pronator teres are compiled in Table 6.59. As shown in the correlation matrix, age and 

sex are both positively correlated to robusticity, indicating that greater robusticity of the 

pronator teres is correlated to increasing age and associated with femaleness. Body size 
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(humerus length) is not correlated to pronator teres robusticity. Thus, females tend to be 

more robust than males with respect to this variable. This trend is bolstered by the 

regression results. All predictors combined account for approximately 19% of the 

variance in pronator teres robusticity (p< .05). The beta coefficients fiirther indicate that 

age and sex contribute significantly to variance, with age slightly more significant 

relative to sex. In sum, femaleness, as well as age, explains a significant proportion of the 

variance in robusticity. 

Males 

The correlation and regression results for males suggest that the contribution of 

age to variance in robusticity is largely coming from the male subset. The correlation 

matrix presented in Table 6.60 indicates that age is highly positively correlated to 

pronator teres robusticity among males (p< .01). Body size is not correlated. Furthermore, 

the regression results reveal that age and length together explain approximately 49% of 

the variance in robusticity (p< .01). However, the betas show that only age predicts a 

significant proportion of variance (p< .01). For males, age is a highly significant factor in 

robusticity. 

Females 

The results for females are quite different with respect to the effect of age on 

pronator teres robusticity. As Table 6.61 presents, neither age nor body size are correlated 

to robusticity in the female subset. Furthermore, neither of these variables combined nor 
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separately explains a significant proportion of the variance in robusticity. These results 

suggest that females possess about the same range of robusticity values regardless of age 

or body size of the individual. 

Brachioradialis 

Table 6.62 displays the statistical results for the variable brachioradialis 

robusticity. The correlation matrix demonstrates that age and sex are positively correlated 

to robusticity, while body size is not correlated. Thus, greater robusticity of the 

brachioradialis is associated with both increasing age and femaleness, indicating that 

females are characterized by greater robusticity than males with respect to this musculo

skeletal stress marker. All the independent variables together explain about 23% of the 

variance in robusticity (p< .01). The standardized partial regression coefficients show that 

age contributes significantly to variance (p<.01), and sex contributes slightly less 

significantly (p< .05). Thus, age and femaleness are significant factors in brachioradialis 

robusticity. 

Males 

The results listed in Table 6.63 indicate that age is a significant contributing factor 

in brachioradialis robusticity for males. Age is strongly positively correlated to 

brachioradialis robusticity (p< .01). Body size is not correlated. The R-square value 

indicates that the combined effects of age and body size explain about 47% of the 

variance in robusticity (p< .01). The standardized partial regression coefficients 



178 

demonstrate that only age significantly contributes to variance in robusticity. For males, 

age is a major predictor of brachioradialis robusticity. 

Females 

Table 6.64 displays the correlation and regression results for the female subset of 

the sample population. Neither age nor body size is correlated to robusticity for females, 

suggesting that the effect of age in the entire sample population was largely a product of 

male variation. The regression results reflect the correlations - age and humerus length 

do not explain a significant proportion of variation brachioradialis robusticity, combined 

or individually. Among adult female individuals, the range of variation in robusticity is 

similar regardless of age or body size. 

Coracobrachialis 

The results of correlation and regression analysis for the variable coracobrachialis 

robusticity are presented in Table 6.65. Both age and sex are positively correlated to 

robusticity. Body size (length) is not correlated. Thus, greater robusticity of the 

coracobrachialis is associated with femaleness and increasing age. The R-square value 

indicates that the three predictors combined explain approximately 20% of the variance in 

coracobrachialis robusticity (p< .01). Examination of the beta coefficients reveals that 

only age and sex account for a significant proportion of the variance in robusticity, with 

age more important relative to sex. Thus, females tend to be more robust than males with 

respect to this attachment site, while age is also a factor for both sexes. Follow-up 
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analysis of the male and female subsets indicates that age is contributing significantly to 

variance in coracobrachialis robusticity for both sexes. 

Teres Major 

Table 6.66 compiles the correlation and regression results for the variable teres 

major robusticity. Examination of the correlation matrix reveals that sex and age are 

positively correlated to teres major robusticity. Body size, measured by humerus length, 

is not correlated to robusticity. With respect to teres major, increasing robusticity is 

associated with femaleness, and robusticity generally increases with age. In terms of the 

multiple regression analysis, the combined effects of sex, age and body size explain about 

21% of the variance in teres robusticity (p< .01). The standardized partial regression 

coefficients demonstrate that age and sex each explain a significant proportion of the 

variance in robusticity, with age more significant than sex. Further investigation of the 

sample population by separating male and female subsets indicates that age is positively 

correlated to robusticity for both males and females. 

Radius: Symmetry 

Radius symmetry is first investigated with the metric measurement anterior-

posterior diameter at midshaft. For each metric and MSM variable, subtracting the larger 

value fi-om the smaller value derives a coefficient representing degree of asymmetry. 
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Anterior-Posterior Diameter Symmetry 

Figure 6.50 depicts the distribution of asymmetry coefficients for males and 

females for anterior-posterior (AP) shaft diameter. As these histograms show, males 

exhibit a fairly normal distribution of values with a slight right skew, demonstrating that 

most males posses a moderate degree of asymmetry, with some highly symmetrical and 

some highly asymmetrical males at the tails of the distribution. Females exhibit a strong 

right skew, showing that females tend strongly towards symmetry. Males also have a 

higher mean asymmetry value. When the means of these distributions are compared, 

however, there is no significant sex difference. There is a significant correlation between 

sex and symmetry, however. Table 6.67 shows a negative correlation between sex and 

symmetry (p> .05). This correlation indicates that maleness is associated with increasing 

asymmetry. Age is not correlated with this variable. 

Symmetry in Radius Musculoskeletal Stress Markers 

The MSM sites for the biceps and the pronator teres on the radius are measured 

metrically and with robusticity scores. The results of the analysis of asyrrmietry 

coefficients for these stress markers are presented below. 

Biceps 

The distributions of male and female symmetry coefficients for the variable 

biceps robusticity score are depicted in Figure 5.51. Clearly, most females are completely 
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symmetrical with respect to biceps robusticity, with few exceptions. About half of the 

males exhibit some asymmetry. The difference between males and female with respect to 

biceps robusticity symmetry is significant (p< .01) (Table 6.68). The correlation and 

regression results shown in Table 6.69 further support these results: sex is significantly 

negatively correlated to biceps robusticity symmetry, indicating that maleness is 

associated with increasing asynmietry. Age is not correlated to symmetry. The regression 

results show that age and sex combined account for about 18% of the variance in 

robusticity symmetry (p< .01). The standardized partial regression coefficients reveal that 

only sex is contributes significantly to variance in symmetry (p< .01). 

Pronator Teres 

Figure 6.52 shows the distribution of male and female symmetry coefficients for 

the variable width of pronator teres. The median value for females is zero (perfect 

symmetry), with the largest proportion of female individuals approaching this value. 

There are a few outlying female individuals that have highly asymmetrical values. The 

male median asymmetry coefficient is higher than zero, with a large proportion of 

individuals exhibiting some asymmetry. The sex difference in symmetry is significant 

(p< .05) (Table 6.70). The correlation results displayed in Table 6.71 show that sex is 

highly negatively correlated to pronator teres width symmetry, indicating that maleness is 

associated with increasing asymmetry. Age is not correlated to sjonmetry. The regression 

results indicate that age and sex together account for around 10% of the variance in 
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symmetry (p< .05). Examination of the beta coefficients reveals that only maleness 

accounts for a significant proportion of variance in symmetry. 

The distributions of asymmetry coefficients for pronator teres robusticity by sex 

are shown in Table 6.53. The results are similar to those for pronator teres width: males 

tend to have more asymmetrical coefficients and most females exhibit perfect symmetry. 

The statistical results concur; the ANOVA results in Table 6.72 demonstrate a highly 

significant difference between males and females with respect to pronator teres 

robusticity. The correlation and regression results for this variable are displayed in Table 

6.73. Again, there is a significant negative correlation between sex and pronator teres 

asymmetry, reflecting the association between maleness and asymmetry. Age and sex 

combined predict around 22% of the variance in syrrmietry (p< .01). Age is not a factor, 

however; the beta coefficients show that only sex predicts a significant proportion of the 

variance in symmetry. 

Radius: Robusticity 

Anterior-Posterior Midshaft Diameter Robusticitv 

Standard metric measurements are first used as a measure of radius robusticity in 

order to provide a basis for comparison to MSM sites. The correlation and regression 

results for the variable anterior-posterior midshaft diameter are presented in Table 6.74. 

The correlation matrix shows a significant negative correlation between sex and AP 

diameter, indicating that larger diameters are associated with maleness. A positive 

correlation exists between body size (radius length) and diameter, indicating that larger 



individuals tend to have larger AP diameters. The regression results are consistent with 

these trends; the combined effects of the independent variables (age, sex, and body size) 

account for about 43% of the variance in diameter (p< .01). The standardized partial 

regression coefficients show that only sex and body size contribute a significant 

proportion of variance in AP diameter, with size more important relative to sex. These 

results are essentially the same when using the related metric measurement of medial-

lateral midshaft diameter as the dependent variable, suggesting that in general, midshaft 

diameters are sensitive to body size and sexual dimorphism. 

Robusticitv in Radius Musculoskeletal Stress Markers 

Biceps 

The two dependent variables used to measure robusticity in the attachment site for 

the biceps tendon are maximum diameter at the biceps and the biceps robusticity score. 

The correlation and regression results for maximum biceps diameter are displayed in 

Table 6.75. The correlation matrix reveals that all three independent variables are 

significantly correlated to biceps diameter. Sex is negatively correlated, demonstrating 

that increasing biceps diameter is associated with maleness. Age and body size are 

positively correlated, indicating that larger biceps diameters are associated with greater 

age and body size. The regression results paint a slightly different picture. All three 

predictors combined accoimt for about 46% of the variance in biceps diameter (p< .01). 

In the analysis of the beta coefficients, however, sex is not a significant predictor of 

variance in biceps diameter: only age and body size contribute to a significant proportion 



of the variance in biceps diameter, with size slightly more significant than age. These 

results are fiirther tested by breaking up the sample population into two age groups of 

sub/young adults ranging 16-35 and middle/old adults ranging in age from 35-50+. 

Regression is used to determine which predictors are significantly contributing to 

variance in these separate age groups. 

Youns Adults 

Table 6.76 presents the regression results for the yoimg/sub adult subset of the 

sample population. The R-square value indicates that the three predictors (age, sex, and 

body size) combined account for about 51% of the variance in biceps diameter (p< .01). 

Furthermore, the beta coefficients show that indeed each of the three predictors is 

significant. Thus, among the younger half of the population, age, sex, and body size are 

all predictive factors in the determination of biceps diameter. 

Middle/Old Adults 

Table 6.77 presents the regression results for the middle/old adult subset of the 

sample population. The R-square value indicates that sex, age and size combined predict 

about 55% of the variance in biceps diameter (p< .01). Examination of the beta 

coefficients, however, shows that only age and body size predicts a significant proportion 

of the variance in biceps diameter in the middle/old adult group. Sex does not contribute 

to biceps diameter variance among middle/old adults. 
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The correlation and regression results for the dependent variable biceps 

robusticity (for the entire sample population) are presented in Table 6.78. The correlation 

results show that age is the only independent variable significantly correlated to biceps 

robusticity; increasing age is associated with increasing robusticity. In terms of the 

regression analysis, age, sex and body size combined predict around 30% of the variance 

in robusticity (p< .01). The standardized partial regression coefficients reveal that sex and 

age are the significant predictors, with age more important than sex. 

Pronator Teres 

Variables collected from attachment site for the pronator teres are length, width, 

and robusticity score. The correlation and regression results for the length and width of 

the pronator teres indicate that only age is positively correlated with these variables, and 

none of the predictors account for a significant proportion of the variance in length or 

width. Thus, while increasing age is generally associated with increasing length and 

width of the pronator teres, it does not contribute significantly to variance in these 

measures. 

Robusticity scores for the pronator teres represent more sensitive values. The 

correlation and regression results for pronator teres robusticity are listed in Table 6.79. 

Sex and age are both positively correlated to pronator teres robusticity, thus femaleness 

and advancing age are associated with greater robusticity. The regression results are 

supportive of these correlations. The R-square value indicates that age, sex, and body size 

combined predict about 55% of the variance in pronator teres robusticity (p< .01). The 
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Standardized partial regression coefficients show that body size is the only insignificant 

predictor. Femaleness and age are critical predictors of pronator teres robusticity, with 

age slightly more significant. Further investigations of male and female subsets show that 

age is positively correlated to robusticity among both sexes. 

Ulna: Symmetry 

As with other bones of the upper limb, ulna symmetry is first investigated using 

standard metric measurements. For each metric and MSM variable, subtracting the 

smaller value from the larger value yields a coefficient of asynmietry. 

Medial-Lateral Diameter Svmmetrv 

Figure 6.54 shows the distribution of medial-lateral (ML) diameter symmetry 

coefficients for males and females. The male distribution is somewhat normal in 

appearance, with a large proportion of individuals exhibiting a moderate degree of 

asymmetry. The female distribution exhibits a left skew, indicating that most female 

individuals are fairly symmetrical, with a smaller proportion of asymmetrical individuals. 

Table 6.80 contains the correlation and regression results for ML diameter symmetry. 

The correlation matrix shows that sex is indeed negatively correlated to symmetry, 

indicating that increasing asymmetry is associated with maleness. Interestingly, age is 

positively correlated to the sjonmetry coefficient, indicating that increasing age is 

associated with greater asymmetry. The regression results bear out these trends; the R-

square value demonstrates that the combined effects of age and sex accoimt for about 8% 
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of the variance in symmetry, which is significant (p< .01). The standardized partial 

regression coefficients show that each independent variable contributes to a significant 

proportion of variance in symmetry, with age slightly more important relative to sex. In 

order to establish if the contribution of age to variance in symmetry is different for males 

and females, the sample population is divided by sex. 

Males 

The correlation and regression results for the male subset displayed in Table 6.81 

show that there is no correlation between age and symmetry among males. Furthermore, 

the regression results show that age does not contribute significantly to variance in 

symmetry. 

Females 

In contrast to males, the correlation matrix in Table 6.82 shows that there is a very 

strong positive correlation between age and asymmetry among females. The R-square 

value indicates that age accounts for about 9% of the variance in symmetry for females 

(p< .05). While age is not a factor is male asymmetry, it appears that older females tend 

to be more asymmetrical than younger females in medial-lateral diameter of the ulna. 

This relationship is depicted in Figure 6.55. These distributions of asymmetry 

coefficients represent the younger and older age groups (Group 0 = 16-35, Group 1 = 35-

50+). The older group of females has a higher median asymmetry value and a larger 

proportion of asymmetrical individuals. The one-way ANOVA results shown in Table 
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6.83 confirm that there is a statistically significant difference between younger and older 

adult females with respect to symmetry; older females are more asymmetrical than 

younger females. Thus, while on the whole males tend to be more asymmetrical than 

females, older females are more asymmetrical than yoimger females. 

Symmetry in Ulna Musculoskeletal Stress Markers 

The MSM sites for the ulna are measured metrically and with robusticity scores. 

The results of the aneilysis of asymmetry coelficients for these stress markers are 

presented below. 

Brachialis 

The histograms in Figure 6.56 show the distribution of brachialis robusticity 

asymmetry coefficients for males and females. It is immediately obvious that males have 

a higher proportion of asymmetrical individuals, with the majority of females 

characterized by perfect symmetry. These differences are statistically significant (p<.01) 

(Table 6.84). The correlation and regression results for brachialis robusticity symmetry 

are shown in Table 6.85. The outcome is similar to the above findings; maleness is 

associated with asymmetry. The regression results are consistent as well; sex and age 

combined account for approximately 15% of the variance in symmetry (p< .01). The beta 

coefficients show the relative importance of sex in symmetry; age is not significant. 



189 

Supinator 

Figure 6.57 plots the male and female asymmetry coefficients for supinator 

robusticity. Clearly, symmetry coefficients for males and females are virtually identical; 

for both sexes, slightly less than half of the group is characterized by asymmetry. There is 

no statistical difference between males and females with respect to this variable. Age is 

not a factor in symmetry either; Figure 6.58 shows that both symmetrical and 

asymmetrical scores for males and females are distributed fairly evenly across the entire 

range of ages in the sample. 

Pronator Quadratus 

Asyrrmietry coefficient distributions for the pronator quadratus robusticity are 

presented in Figure 6.59. The difference between the male and female groups is clear; a 

higher proportion of males exhibit asymmetry than females, although a small proportion 

of females exhibit some asymmetry. This difference is statistically significant (Table 

6.86). The correlation and regression results in Table 6.87 provide additional information 

about this relationship. Asymmetry is correlated to maleness, and greater asymmetry is 

associated with greater age. The R-square value indicates that aroimd 10% of the variance 

in asymmetry is predicted by age and sex combined. In order to determine if there are 

differences between males and females regarding the contribution of age to symmetry, 

the sample population is grouped by sex. 
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Males 

Table 6.88 displays the simple regression results for the male group for pronator 

quadratus symmetry and age. Clearly, age does not predict a significant proportion of the 

variation in symmetry among males. 

Females 

The regression results for the female group are presented in Table 6.89. The 

results are markedly different from the male group; age predicts about 18% of the 

variance in symmetry among females (p< .01). It appears that the proportion of variance 

in the sample predicted by age is coming from the female subpopulation. Thus, while 

maleness accounts for a significant proportion of variance in asymmetry; older females 

tend to be more asynmietrical than younger females. 

Anconeus 

Figure 6.60 depicts the distribution of asymmetry coefficients for the anconeus 

attachment. Males have higher proportion of individuals exhibiting some asymmetry in 

this attachment site than females, and a slightly higher mean asymmetry value. However, 

these differences are not statistically significant. Age is not a factor in anconeus 

robusticity symmetry. 
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Ulna: Robusticity 

Medial-Lateral Diameter Robusticitv 

Medial-lateral (ML) shaft diameter is initially evaluated as a measure of ulna 

robusticity. The correlation and regression results for this variable are presented in Table 

6.90. The correlation results show the now familiar association between increasing 

diameter and maleness (p< .01). As is often the case with standard metric diameter 

measurements, body size is also positively correlated to ML ulna diameter. Age is not 

correlated. The regression results are only slightly different. The combined independent 

variables predict about 44% of the variance in diameter. The beta coefficients show that 

sex and body size are the most important predictors, but that age also contributes to 

variance in diameter. The sample is divided by sex to evaluate the contribution of age to 

variance in diameter. The results for males indicate that age is not correlated to diameter, 

and does not predict a significant proportion of the variance in ML diameter. Among the 

female subset, however, age is positively correlated to diameter (Table 6.91), indicating 

that older females are associated with larger ML diameters. The regression results show 

that age and body size combined account for about 20% of the variance in female 

diameter, but that body size ultimately is more important relative to age. 

Minimum Circumference Robusticitv 

The correlation and regression results for ulna minimum circumference are 

presented in Table 6.92. Age and body size are both positively correlated to 

circumference, and sex is negatively correlated. Maleness, advancing age, and larger 
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body size are all associated with increasing circumference. The regression results provide 

more detailed information. The R-square value shows that age, sex, and body size 

combined predict approximately 43% of the variance in ulna minimum circumference. 

Examination of the standardized beta coefficients reveals that all three predictors 

contribute significantly to variance, but to different degrees. Body size is the most 

significant predictor, followed by age and sex. The sample population is divided by sex 

and further tested. Strictly among males, age is not correlated to circumference, and does 

not contribute to a significant proportion of the variance in circumference. Among the 

female subset, however, age is a factor. The correlation and regression results for the 

female group are presented in Table 6.93. Age is positively correlated to circumference 

(p< .01). The regression results show that age and body size together account for about 

20% of the variance in circumference. Only age, however, contributes to a significant 

proportion of variance. 

Robusticitv in Ulna Musculoskeletal Stress Markers 

Brachialis 

The correlation and regression results for the variable ulna brachialis robusticity 

are displayed in Table 6.94. In contrast to the results of the metric measurements 

presented above, sex is positively correlated to brachialis robusticity, indicating that 

greater robusticity is associated with femaleness. Age and body size are not correlated to 

brachialis robusticity. The R-square value demonstrates that femaleness, age, and body 

size combined predict about 26% of the variance in robusticity (p< .01). The standardized 
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partial regression coefficients show that only femaleness predicts a significant proportion 

of the variance in brachialis robusticity. 

Pronator Quadratus 

Table 6.95 displays the correlation and regression results for the variable pronator 

quadratus robusticity. The correlation matrix shows that only sex is correlated to 

robusticity in the pronator quadratus; age and body size are not a factor. Moreover, sex is 

positively correlated to robusticity, indicating that femaleness is associated with greater 

robusticity. The regression results support this correlation. The R-square value shows that 

all three independent variables (sex, age, and body size) predict about 23% of the 

variance in pronator quadratus robusticity (p< .05). The standardized partial regression 

coefficients show that only sex and (decreasing) length contribute to a significant 

proportion of robusticity variance, and that sex is a more important predictor relative to 

length. Femaleness is an important factor in predicting robusticity in the pronator 

quadratus. 

Anconeus 

The results of analysis of robusticity in the attachment site for the anconeus 

presents an interesting contrast to other ulna MSMs. The results presented in Table 6.96 

show that sex and body size are not correlated to, and do not influence variance in 

anconeus robusticity. Rather, only age is a factor. Age is positively correlated to 

robusticity, indicating that greater robusticity is associated with increasing age (p< .05). 
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Moreover, only age contributes to a significant proportion of the variance in anconeus 

robusticity. 

Metacarpals: Symmetry 

For each metacarpal musculo-skeletal stress marker, an asymmetry coefficient is 

derived by subtracting the smaller value from the larger value. Results for these 

metacarpal asymmetry coefficients are presented below. 

First Metacarpal: Opponens Pollicis 

Figure 6.61 shows the frequency of asymmetry scores for males and females for 

the opponens pollicis. The majority of both males and female individuals exhibit perfect 

symmetry, with a smaller proportion of asymmetrical individuals. Females have a slightly 

higher mean asymmetry, but this difference is not statistically significant. 

Third Metacarpal: Transverse Head of Adductor Pollicis 

The frequency of asymmetry coefficients for the transverse head of adductor 

pollicis are shown by sex in Figure 6.62. While a small proportion of males posses 

asymmetrical values, most males exhibit perfect symmetry. Females appear to be more 

asymmetrical than males, with a higher mean asymmetry value. Table 6.97 shows that 

there is a significant difference between males and females in asymmetry (p < .05). The 

correlation results in Table 6.98 demonstrate that there is a positive correlation between 
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sex and symmetry, indicating that femaleness is associated with increasing asymmetry 

(p<.05). 

Metacarpals: Robusticity 

First Metacarpal: Opponens PolUcis and Abductor Pollicis Longus 

The two MSM sites scored on the first metacarpal are the opponens pollicis (OP) 

and the abductor pollicis longus (APL). The results of correlation and regression for OP 

robusticity scores are listed in Table 6.99. Age is highly positively correlated to OP 

robusticity (p< .01). Age and sex combined predict about 30% of the variance in 

robusticity. The beta coefficients show that age alone is the significant predictor. 

The results are quite different for the abductor pollicis longus. Table 6.100 

displays these correlation and regression results. Sex, rather than age, is positively 

correlated to APL robusticity, indicating that increasing robusticity in the APL is 

associated with femaleness (p< .01). The R square results show that age and sex 

combined predict about 15% of the variance in APL robusticity (p< .05). The beta 

coefficients reveal that only sex (femaleness) is a significant predictor (p< .01). 

Third Metacarpal: Transverse Head of Adductor Pollicis 

Correlation and regression results for transverse head of adductor pollicis (THAP) 

robusticity are presented in Table 6.101. Both age and sex are positively correlated to 

THAP robusticity, indicating that greater robusticity is associated with both femaleness 

and increasing age. This relationship is graphically depicted in Figure 6.63. This figure 
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shows the linear relationship between age (x-axis) and robusticity (y-axis) for both the 

male and female markers. Also, it is clear that the female individuals cluster higher on the 

robusticity axis than males, demonstrating the greater overall robusticity of females. The 

regression results bear out these trends. The R square value indicated that age and sex 

combines account for around 45% of the variance in THAP robusticity, which is highly 

significant under an alpha of .01. The standardized partial regression coefficients show 

that both predictors contribute equally to a significant proportion of this variance. 

Fifth Metacarpal: Opponens Digiti Minimi 

Table 6.102 displays the correlation and regression results for robusticity of the 

opponens digiti minimi (0PM) on the fifth metacarpal. As with other metacarpal 

attachment sites, both age and sex are positively correlated to OPM robusticity (p<.01). 

Thus, femaleness and advancing age are associated with increasing robusticity. The 

regression results reflect these associations; the combined effects of age and sex account 

for almost 50% of the variance in OPM robusticity, which is extremely significant (p = 

.000). The beta coefficients indicate that both predictor variables are equally highly 

significant. Figure 64 shows this relationship graphically; female individuals tend to have 

higher robusticity scores on the y-axis than males, while both males and females are 

characterized by the correlation between increasing age and robusticity. 
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Summary of Results 

The condensed statistical results for all 43 dependent variables evaluated in this 

chapter are presented in Table 103. The variable in question is listed in the first column. 

The second column lists the results of tests of difference performed to address the 

question of symmetry: are males more asymmetrical than females with respect the 

dependent variable in question? Each row in this column will report one of the following 

results: "males asymmetrical," "females asymmetrical," "no difference," (indicating that 

there is no difference between males and females vsath respect to symmetry) or a blank 

row, indicating that a statistical test of difference was not possible or appropriate for that 

variable. The third column reports any significant correlation results for the symmetry 

coefficient of that variable, and whether or not the correlation was positive (+) or 

negative (-). The fourth column reports any significant regression results in terms of the 

standardized partial regression coefficients (betas). The independent variable (sex, age, or 

size) possessing a significant beta is listed. If more than one predictor has a significant 

beta value, the probability value is listed for each variable in order to show the relative 

importance of each predictor in terms of its contribution to variance in the dependent 

variable. The predictors are listed in order of importance, with the most significant beta 

first. 

Columns 5-7 report robusticity results. Each row in the fifth column reports 

"males mores robust," "females more robust," "no difference," or blank (variable not 

tested). The correlation and regression results permitting these conclusions are listed in 

columns 6 and 7, in the same format used for the symmetry results. The final column 
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displays any relevant results derived from statistical tests performed on a subset of the 

sample population (male group, female group, young adults, middle/old adults). 

The following discussion summarizes the significant trends observed in each bone 

with respect to questions of symmetry and robusticity among males, females, and people 

of varying ages. 

Symmetry 

36 metric and MSM variables were tested on the bones of the upper limbs for 

statistically significant differences in symmetry between males and females and among 

people of different ages. Among these, 22 were characterized by male asymmetry, 13 

exhibited no difference between males and females, and 1 demonstrates evidence of 

female asynmietry. 

Clavicle 

On the clavicle, a standard metric measurement (superior-inferior diameter at 

midshaft) yielded similar overall results as the different measures of musculo-skeletal 

stress markers: not only is there a statistically significant difference between males and 

females as measured by ANOVA or t-tests, but the regression results also indicate that 

"maleness" predicts a significant proportion of variance in symmetry. The variables 

representing symmetry in length and width of the costoclavicular ligament and 

robusticity of the trapezoid ligament mirror these convincing results. One measure of the 

deltoid insertion (maximum width) shows male asymmetry based on ANOVA results. 
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Humerus 

The standard metric data for humerus midshaft diameter shows that males are 

significantly more asymmetrical using both tests of difference and correlation and 

regression operations. Most of the major muscle attachments of the humerus show highly 

significant male asymmetry, including the deltoid, latissimus dorsi, teres major, triceps, 

pectoralis major, coracobrachialis, and the common flexor. Additional trends involving 

age are evident in some variables on the humerus. For the dependent variable maximum 

diameter at the deltoid, for example, some females exhibit asymmetry, but males are 

significantly more asymmetrical than females. Among only the female subset of the 

sample population, the younger portion of the female group (ranging 16-35) is 

significantly more asymmetrical than the older portion (35-50+). Thus, while males are 

more asymmetrical than females overall, younger females are more asymmetrical than 

older females. A related trend occurs for males with respect to the variables describing 

the common flexor attachment (superior-inferior diameter and robusticity score): young 

males are significantly more asymmetrical than older males. 

Radius 

Radius midshaft metric data did not show a significant difference between males 

and females, although there is a significant correlation between anterior-posterior 

midshaft diameter asymmetry and "maleness." The variables describing the attachment 

sites for the biceps tendon and the pronator teres, however, show a highly significant 
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degree of asymmetry for males relative to females, drawing on both tests of difference 

and correlation and regression results. 

Ulna 

The ulna shows overall male asymmetry in both standard metric diameter 

measurements and musculoskeletal stress markers. For the variable medial-lateral 

diameter, males exhibit significantly more asymmetry than females, in both tests of 

difference, correlation, and regression. Interestingly, when the standardized partial 

regression coefficients are examined, age also accounts for a significant proportion of the 

variance in symmetry for this variable - in fact, it accounts for more variance than sex 

(maleness). Further testing revealed that the age factor was significant only among 

females: young adult females tend to be more symmetrical than older and middle adult 

females. Overall, males are more asymmetrical than females, but among females 

asymmetry increases with age. Two MSM sites on the ulna also exhibit significant male 

asymmetry: the brachialis and the pronator quadratus. The pronator quadratus attachment 

exhibits a similar trend to medial-lateral diameter; both maleness and age are correlated 

to asymmetry. These independent variables combined predict a significant proportion of 

variance in pronator quadratus symmetry. Further investigation reveals that again, the 

variance predicted by age is coming from the female subset of the population, and that 

older females are significantly more asymmetrical than younger females with respect to 

the pronator quadratus. 
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Metacarpals 

The only variable characterized by female asymmetry is found on the third 

metacarpal, at the attachment site for the transverse head of the adductor pollicis. 

Females are significantly more asymmetrical than males with respect to this variable, as 

demonstrated by a t-test, as well as a significant positive correlation between sex 

(femaleness) and iisymmetry. 

Robusticity 

Thirty-two MSM and standard metric measurement variables were tested for 

differences in robusticity among males and females of various ages and body sizes. Of 

these, 11 variables exhibited greater male robusticity, 13 indicated greater female 

robusticity, and 8 revealed that no difference exists between males and females. 

Clavicle 

On the clavicle, variables representing standard metric midshaft diameters show 

clear male robusticity relative to females. For anterior-posterior (AP) diameter at 

midshaft, only sex (not age or body size) contributes to a significant proportion of the 

variance in diameter - suggesting that regardless of overall body size (male or female), 

maleness predicts larger clavicle AP diameters and sex is the key factor in diameter. The 

results for superior-inferior (SI) diameter are only slightly different - in this case, body 

size predicts more of the variance in diameter relative to maleness, although both 
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independent variables are significant. Males also exhibit greater robusticity in the 

variable maximum length of the deltoid; however, the regression results show that only 

age is a significant predictor of variance in deltoid length. 

The variables in the clavicle where females exhibit greater relative robusticity are 

all qualitative robusticity scores, rather than metric measurements of either bone diameter 

or MSM sites. Thus, for the dependent variables representing robusticity scores of the 

costoclavicular ligament, conoid ligament, and trapezoid ligament, females appear overall 

more robust than males, based on correlation data; for each of these ligament attachment 

sites, greater robusticity is correlated with femaleness. Evaluation of the regression 

results reveals subtle differences among these variables. For the costoclavicular ligament, 

femaleness is more significant than age in predicting variance in robusticity, while for the 

trapezoid ligament age is more significant than femaleness (for both ligaments, both age 

and sex are significant predictors, combined and independently). For the conoid ligament, 

however, age is the only significant predictor of variance in robusticity. Clearly, age 

plays a role in robusticity in these ligaments. Further tests on the individual male and 

female subsets show that the significance in age is found only among males in the sample 

population for all three dependent variables. For males, age is a significant predictor of 

robusticity, as older males tend to be more robust than younger males. Among females, 

however, age is not a factor - young females are equally as robust as old females, and 

females are more robust than males overall with respect to these three ligament 

attachment sites. 
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Humerus 

There are four variables collected from the humerus where males are significantly 

more robust than females: maximum midshaft diameter, maximum diameter at the 

deltoid, epicondylar breadth, and superior-inferior diameter of the common flexor. The 

first two variables show a significant correlation between maleness and increasing 

robusticity; however, sex (maleness) is not a significant predictor in terms of the 

standardized partial regression coefficients. Age, rather, is the significant predictor (and 

body size for deltoid diameter, which is related to sex due to the correlation between sex 

and body size). When the effect of age in the population is further examined, it is found 

that with respect to deltoid diameter, age is only a significant predictor of robusticity 

among males. Among females, younger individuals are as robust as older individuals. 

The last two variables on the humerus where males exhibit greater relative 

robusticity (epicondylar breadth and common flexor SI diameter) exhibit a different 

pattern. For these variables, sex (maleness) is the most significant predictor of variance in 

robusticity, relative to age (age and sex are both significant combined and separately). 

When the effect of age among males and females is assessed, age is not a significant 

predictor of robusticity for males, but it is significant for females. Thus, for these two 

variables, males are more robust than females, and young males are as robust as old 

males. Among females, robusticity at these areas of the humerus increases with age. 

The four musculo-skeletal stress markers on the humerus where females exhibit 

greater robusticity than males are the robusticity scores of teres major, coracobrachialis, 

pronator teres, and brachioradialis. The correlation and regression results are similar 
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within this group of variables: both age and sex are positively correlated to robusticity, 

indicating that increasing robusticity is associated with increasing age and femaleness. In 

terms of the regression results, the standardized partial regression coefficients for sex and 

age are both significant - sex and age account for a significant proportion of variance in 

robusticity for all four dependent variables, combined and separately. Relative to each 

other, the contribution of age to variance is more significant than sex (femaleness). 

Further exploration regarding the effect of age for males and females reveals that 

regarding robusticity in the MSM sites for teres major and coracobrachialis, age 

contributes significantly to variation among both males and females. Regarding the 

attachment sites for pronator teres and brachioradialis, however, age is only a significant 

predictor of robusticity among males, where robusticity in creases with age. Among the 

female subset, age is not a significant factor in robusticity - younger females are as 

robust as older females. 

Radius 

There are two dependent variables collected from the radius where males exhibit 

greater robusticity than females: anterior-posterior (AP) diameter at midshaft and 

maximum diameter at the biceps. Regarding the first variable, both sex (maleness) and 

body size are correlated to increasing diameter, and contribute significantly to variance in 

diameter. In terms of biceps diameter, maleness is correlated to increasing diameter, but 

age and body size are the significant predictors of variance in the dependent variable -

sex is not significant in terms of the standardized partial regression coefficients. In order 
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to further explore these relationships, the effect of sex on variance in diameter is 

evaluated by breaking up the sample population into a younger age group and older age 

group. The results show that among the younger portion of the population sex (maleness) 

is a significant predictor of biceps robusticity - but among older individuals it is not. 

Females exhibit greater robusticity than males with respect to the robusticity score 

for the pronator teres. For this variable, both age and sex are positively correlated to 

robusticity, indicating that greater robusticity is associated with femaleness and 

advancing age. While both betas for age and sex are highly significant, age is slightly 

more significant than sex in terms of the proportion of variance in pronator teres that it 

predicts. When the effects of age are further explored by sex it is found that age 

contributes significantly to variance in pronator teres robusticity for both males and 

females. 

Ulna 

There are two dependent variables on the ulna where males appear more robust 

than females; medial-lateral (ML) diameter and miiumum circumference. For both of 

these variables, maleness is correlated to increasing diameter, and the regression results 

confirm that maleness (sex) accounts for a significant proportion of variance in ML 

diameter. According to the beta coefficients, however, body size is the most significant 

contributor to variance. Age is also a significant predictor in both dependent variables. 

When the effect of age is further explored by dividing the sample population by sex, it is 

evident that age does not contribute significantly to variance in ML diameter or minimum 



circumference among males, but age is a factor in the female subset. Thus younger males 

are as robust as older males for these two variables, but robusticity in ML diameter and 

minimum circimiference increases with age among females. 

Females are characterized by greater robusticity scores than males on two MSM 

sites on the ulna: the brachialis and pronator quadratus. For both dependent variables, sex 

is positively correlated to robusticity, indicating that greater robusticity at these sites is 

correlated to femeileness. Furthermore, sex contributes to a significant proportion of the 

variance in robusticity for both dependent variables. Age is not correlated to robusticity 

in the pronator quadratus or brachialis and does not contribute to a significant proportion 

of variance. 

Metacarpals 

Three musculoskeletal stress markers collected from the metacarpals show signs 

of greater robusticity among females than males: abductor pollicis longus on the first 

metacarpal, transverse head of adductor pollicis on the third metacarpal, and opponens 

digiti minimi on the fifth metacarpal. On the first metacarpal, sex is positively correlated 

to robusticity score, pointing to the association between robusticity and femaleness, and 

concurrently sex is the only predictor (out of age, sex, and body size) that accounts for a 

significant proportion of variance in robusticity. The situation is slightly different for the 

MSMs on the third and fifth metacarpals: both age and sex are positively correlated, and 

age and sex are equally highly significant in terms of predicting variance in robusticity. 
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Age is a predictor of robusticity for both males and females, but females tend to be more 

robust than males overall. 

General Trends 

Symmetry 

As discussed above, males are significantly more asymmetrical than females with 

respect to variables on the clavicle, humerus, radius, and ulna, and females are more 

asymmetrical than males in the third metacarpal. Several age-related trends in symmetry 

emerge from these data. Among females, two opposite trends involving changes in 

symmetry with age are evident. Development of the deltoid insertion on the humerus, a 

prime mover of the upper body, is significantly more asymmetrical among young females 

than among older females. This phenomenon is suggestive of a change in activity 

pattem(s) involving the deltoid that occurs with advancing age. While aging females tend 

towards symmetrical activities involving the deltoid, asymmetry increases with female 

age with respect to MSM sites of the lower arm and wrist. Yoimg females are 

significantly more symmetrical than older females in development of the pronator 

quadratus on the ulna and medial-lateral diameter of the ulna. Thus, an age-related 

change in female activity patterns involves a shift to older females performing 

differentially more one-handed activities that impact the pronator quadratus and the 

development of the supinator crest. 
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Among males, age related symmetry changes impact the elbow. Young males are 

significantly more asymmetrical than older males at the origin of the common flexors on 

the humerus, indicating some change in habitual activities with age among males as well. 

Robusticity 

A major trend in robusticity that emerges from the summarized results above is 

that males exhibit greater robusticity in the largest muscles - the prime movers of the 

upper body: the deltoid, the common flexors, the biceps - as well as greater robusticity in 

measures of bone size. Metric measurements of major musculoskeletal stress markers 

(such as length and diameter of MSMs) as well as standard metric descriptions of bone 

size all demonstrate greater relative robusticity for males as opposed to females. Thus, in 

terms of both overall body size and those muscles that are responsible for gross 

movement, males are more robust than females. 

Females demonstrate greater relative robusticity in the qualitative scores of 

smaller muscle and ligament attachment sites. The system of scoring MSM sites with 

qualitative descriptions was intended to control for body size - to describe changes in the 

development of attachment sites than occurred as a result of repetitive activity and not 

simply as a by-product of larger male body size. Given this goal, it makes sense that 

metric measurements of large attachment sites are characterized by male robusticity, as 

all metric descriptions will be related to some degree to the metric length and width of the 

bone in question. The qualitative robusticity scores, on the other hand, attempt to describe 
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only the nature of the discrete MSM site regardless of the size of the bone. The MSM 

sites where females are more robust than males tend to be smaller ligamentous 

attachments that are activated during repetitive, detail-oriented movements - such as the 

attachments of the metacarpals and vmst. 

The Role of Age in Robusticity 

As shown in Table 103, there are multiple variables where age is the only 

significant predictor of robusticity in musculoskeletal stress markers. Invariably, when 

there is no difference between males and females with respect to robusticity, advancing 

age is correlated to increasing robusticity and age predicts a substantial proportion of 

variance in robusticity. This trend is an expected result of normal age-related changes in 

the skeleton. 

Just are there are cases where only age (not sex) predicts a significant proportion 

of variance in robusticity, there are cases where sex (maleness or femaleness) is a 

significant predictor (either males or females are significantly more robust with respect to 

a given variable), and age contributes to robusticity for both sexes - regardless of which 

one is more robust. This pattern fits with the expected age-related trend - although one 

sex may be more robust overall than the other, age is a significant predictive factor 

regardless of sex. 

If the statistically significant contribution of age to variance in robusticity is 

understood to be a normal or expected pattern, then deviation from this pattern may be an 

indication that some other factor is intervening. Deviation from an age-related increase in 
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robusticity is evident in the tendency towards sexual differentiation in the contribution of 

age to robusticity. In other words, there is a significant difference between males and 

females with respect to whether or not age is a factor in robusticity. 

There are two alternative scenarios of sexual difference with respect to age 

contribution to robusticity. In the first scenario, robusticity increases with age among 

males, but not for females. In the second scenario, robusticity increases with age for 

females, but not for males. When robusticity does not increase with age, young 

individuals are as robust as old individuals - deviating fi-om the normal pattern of age-

advancing robusticity, and suggesting that yoimger individuals are more robust than 

would be age-appropriate, all things being equal. A related phenomenon is that when 

advancing age is not correlated to increasing robusticity for one sex, that same sex tends 

to exhibit greater relative robusticity. These relationships are summarized in Table 104. 

This pattern suggests that the sex exhibiting greater robusticity also exhibits a deviation 

from the expected pattern of age-related increasing robusticity. It is tentatively suggested, 

then, that the conditions that led to the significantly greater relative robusticity also led to 

the masking of the effects of age on robusticity; that younger individuals are prematurely 

as robust as older individuals with respect to these MSMs due to greater relative intensity 

in the nature and duration of activities utilizing the muscles in question. There is one 

exception to the trends described in Table 104. For the variables describing humerus 

maximum diameter at midshaft and humerus maximum diameter at the deltoid, males are 

more robust than females, but robusticity does increase with advancing age for males and 

does not for females. 
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The above discussion presented statistically significant trends discovered in the 

sample population. The biomechanical implications of these trends, their possible 

translation into particular suites of activities, and the interpretation of sex and age 

differentiated labor patterns are presented in the following chapter. 
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Table 6.1: Pelvic and Cranial Sex Assessment Totals 

Sex Assessment Pelvic Sex (# of Individuals) Cranial Sex (# of 
Individuals) 

Male (M) 37 17 
Probable Male (MP) 13 29 
Female (F) 76 36 
Probable Female (FP) 5 39 
Ambiguous (A) 4 14 
Unknown (U) 1 1 
Total # of Individuals 136 136 

Table 6.2: Combined Pelvic/Cranial Sex Assessment Scores 

Pelvic Sex/Cranial Sex: Males #ofInd. Pelvic Sex/Cranial Sex: # of Ind. 
Females 

M/M 15 F/F 32 
MP/MP 6 FP/FP 2 
MP/M 1 FP/F 3 
M/MP 21 F/FP 36 
A/M 1 A/F 0 
M/A 1 F/A 7 
A/MP 2 A/FP 1 
MP/A 6 FP/A 0 
U/M 0 U/F 1 
M/U 0 F/U 1 
Total # of Males/Probable 53 Total # of 83 
Males Females/Probable 

Females 

Table 6.3: One Way Analysis of Variance: Difference in Clavicle Symmetry between Males and 
Females 

Sum of 
Squares Df 

Mean 
Square F Sig. 

Between 
Groups 
Within Groups 
Total 

1.516 

20.258 
21.774 

1 

98 
99 

1.516 

.207 

7.334 .008 

Table 6.4. T-Test: Difference in Clavicle Symmetry Between Males and Females 

df Sig. (2-tailed) 
Clavicle SI Symmetry 
Root 

Equal variances 
assumed 98 .008 

Equal variances not 
assumed 

76.121 .011 
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Table 6.4.1. Correlation and Regression: Clavicle S-I Symmetry 

Clavicle SI 
Symmetry Midpoint 

Root Dummy sex age 
Pearson Clavicle SI 

1.000 -.264 .101 Correlation Symmetry Root 1.000 -.264 .101 

Dummy sex -.264 1.000 -.080 
Midpoint age .101 -.080 1.000 

Sig. (1-tailed) Clavicle SI 
.004 .159 Symmetry Root .004 .159 

Dummy sex .004 .215 
Midpoint age .159 .215 

N Clavicle St 
100 100 100 

N 
Symmetry Root 100 100 100 

Dummy sex 100 100 100 
Midpoint age 100 100 100 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .276(a) .076 .057 .45542 

a Predictors: (Constant), Midpoint age, Dummy sex 
b Dependent Variable; Clavicle SI Symmetry Root 

Model df 
Mean 

Square F Sig. 
1 Regressi 

on 
Residual 
Total 

2 

97 
99 

.828 

.207 

3.991 .022(a) 

a Predictors: (Constant), Midpoint age. Dummy sex 
b Dependent Variable: Clavicle SI Symmetry Root 

t Sig. Correlations 

Zero-order Partial Part 
(Constan 
t) 

3.142 .002 

Dummy 
sex 

-2.630 .010 -.264 -.258 -.257 

Midpoint 
age 

.820 .414 .101 .083 .080 

a Dependent Variable: Clavicle SI Symmetry Root 
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Table 6.5. One Way Analysis of Variance: Difference in Clavicle Deltoid Length Symmetry between 
Males and Females 

Df 
Mean 

Square F Sig. 
Between 
Groups 
Within Groups 
Total 

1 

44 
45 

11.717 

4.594 

2.551 .117 

Table 6.6. One Way Analysis of Variance: Difference in Clavicle Deltoid Width Symmetry between 
Males and Females 

Mean 
Df Square F Sig. 

Between 
Groups 
Within Groups 

1 

56 

1.167 

.267 

4.371 .041 

Total 57 

Table 6.7. One Way Analysis of Variance: Difference in Clavicle Deltoid Robusticity Symmetry 
between Males and Females 

Clavicle Deltoid Robusticity Symmetry Root 

Mean 
Df Square F Sig. 

Between 
Groups 
Within Groups 

1 

57 

.019 

.079 

.242 .625 

Total 58 

Table 6.8. One Way Analysis of Variance: Difference in Costoclavicular Ligament Diameter 
Symmetry between Males and Females 

CCL Diameter Symmetry Root 

Mean 
Df Square F Sig. 

Between 
Groups 
Within Groups 

1 

42 

.161 

.733 

.220 .641 

Total 43 



215 

Table 6.9. One Way Analysis of Variance: Difference in Costoclavicular Ligament Length Symmetry 
between Males and Females 

CCL Length Symmetry Root 

Mean 
Df Square F Sig. 

Between 
Groups 
Within Groups 

1 

44 

95.012 

5.900 

16.104 .000 

Total 45 

Table 6.9.1. Correlation and Regression: Costoclavicular Ligament Length Symmetry 

CCL Length 
Symmetry 

Root Dummy sex 
Midpoint 

Age 
Pearson 
Correlation 

CCL Length 
Symmetry Root 1.000 -.518 .124 

Dummy sex -.518 1.000 -.142 
Midpoint Age .124 -.142 1.000 

Sig. (1-tailed) CCL Length 
Symmetry Root .000 .206 

Dummy sex .000 .173 
Midpoint Age .206 .173 

N CCL Length 
Symmetry Root 46 46 46 

Dummy sex 46 46 46 
Midpoint Age 46 46 46 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .520(a) .270 .237 2.45278 

a Predictors: (Constant), Midpoint Age , Dummy sex 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
95.920 2 47.960 7.972 .001(a) 

Residual 258.693 43 6.016 
Total 354.612 45 

a Predictors; (Constant), Midpoint Age , Dummy sex 
b Dependent Variable: CCL Length Symmetry Root 
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Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constan 
t) 

2.976 .005 

Dummy 
sex 

-.510 -3.878 .000 -.518 -.509 -.505 

Midpoint 
Age 

.051 .388 .700 .124 .059 .051 

a Dependent Variable: CCL Length Symmetry Root 

Table 6.10. One Way Analysts of Variance: Difference in Costoclavicular Ligament Width 
Symmetry Between Males and Females 

CCL Width Symmetry Root 

Sum of 
Squares Df 

Mean 
Square F Sig. 

Between 
Groups 
Within Groups 
Total 

11.159 

72.504 
83.663 

1 

46 

47 

11.159 

1.576 

7.080 .011 

Table 6.10.1. Correlation and Regression: Costoclavicular Width Symmetry 

CCL Width 
Symmetry Midpoint 

Root Dummy sex Age 
Pearson CCL Width 

1.000 -.365 .115 Correlation Symmetry Root 1.000 -.365 .115 

Dummy sex -.365 1.000 -.167 
Midpoint Age .115 -.167 1.000 

Sig. (1-tailed) CCL Width 
.005 .217 Symmetry Root .005 .217 

Dummy sex .005 .128 
Midpoint Age .217 .128 

N CCL Width 
48 48 48 Symmetry Root 48 48 48 

Dummy sex 48 48 48 
Midpoint Age 48 48 48 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .369(a) .136 .098 1.26710 

a Predictors: (Constant), Midpoint Age , Dummy sex 
b Dependent Variable: CCL Width Symmetry Root 
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Model 
Sum of 

Squares df 
Mean 

Square F Sig. 
1 Regression 11.414 2 5.707 3.555 .037(a) 

Residual 72.249 45 1.606 
Total 83.663 47 

a Predictors: (Constant), Midpoint Age , Dummy sex 
b Dependent Variable: CCL Width Symmetry Root 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constan 
t) 
Dummy 
sex 

2.342 .024 
(Constan 
t) 
Dummy 
sex 

-.356 -2.533 .015 -.365 -.353 -.351 

Midpoint 
Age 

.056 .398 .692 .115 .059 .055 

a Dependent Variable: CCL Width Symmetry Root 

Table 6.11. Correlation and Regression: Maximum Diameter at the Conoid Ligament Symmetry 

Conoid 
Diameter 
Symmetry Midpoint 

Root Dummy sex Age 
Pearson Conoid Diameter 

1.000 ,126 .240 Correlation Symmetry Root 1.000 ,126 .240 

Dummy sex .126 1.000 -.207 
Midpoint Age .240 -.207 1.000 

Sig. (1-tailed) Conoid Diameter 
.168 .032 Symmetry Root .168 .032 

Dummy sex .168 .056 
Midpoint Age .032 ,056 

N Conoid Diameter 
60 60 60 Symmetry Root 60 60 60 

Dummy sex 60 60 60 
Midpoint Age 60 60 60 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constan 
t) 

.267 .790 

Dummy 
sex 

.184 1.423 .160 .126 .185 .180 

Midpoint 
Age 

.278 2.156 .035 .240 .275 .272 
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Table 6.12. One Way Analysis of Variance: Difference in Trapezoid Ligament Robusticity Symmetry 
Between Males and Females 

Trapezoid Ligament Robusticity Symmetry Root 

Sum of 
Squares df 

Mean 
Square F Sig. 

Between 
Groups 
Within Groups 
Total 

.474 

3.198 
3.672 

1 

59 
60 

.474 

.054 

8.749 .004 

Table 6.13. Correlation and Regression: Trapezoid Ligament Symmetry 

Trapezoid 
Ligament 

Robusticity 
Symmetry 

Root Dummy sex 
Midpoint 

Age 
Pearson Correlation Trapezoid Ligament 

Robusticity 1.000 -.359 -.119 
Symmetry Root 
Dummy sex -.359 1.000 -.197 
Midpoint Age -.119 -.197 1.000 

Sig. (1-tailed) Trapezoid Ligament 
Robusticity .002 .181 
Symmetry Root 

Dummy sex .002 .064 
Midpoint Age .181 .064 

N Trapezoid Ligament 
Robusticity 61 61 61 
Symmetry Root 
Dummy sex 61 61 61 
Midpoint Age 61 61 61 

Adjusted Std. Error of 
Mode! R R Square R Square the Estimate 
1 .408(a) .166 .138 .22973 

a Predictors; (Constant), Midpoint Age, Dummy sex 
b Dependent Variable: Trapezoid Ligament Robusticity Symmetry Root 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
.611 2 .306 5.791 .005(a) 

Residual 3.061 58 .053 
Total 3.672 60 

a Predictors: (Constant), Midpoint Age, Dummy sex 
b Dependent Variable: Trapezoid Ligament Robusticity Symmetry Root 
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Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constan 
t) 

3.807 .000 

Dummy 
sex 

-.398 -3.256 .002 -.359 -.393 -.390 

Midpoint 
Age 

-.197 -1.611 .113 -.119 -.207 -.193 

a Dependent Variable: Trapezoid Ligament Robusticity Symmetry Root 

Table 6.14. Correlation and Regression: Clavicle A-P Midshaft Diameter 

ClavAPRigh 
t Dummy sex 

Midpoint 
age 

ClavMaxL 
enRight 

Pearson ClavAPRight 1.000 -.723 .062 .680 
Correlation Dummy sex -.723 1.000 -.007 -.846 

Midpoint age .062 -.007 1.000 -.021 
ClavMaxLenRight .680 -.846 -.021 1.000 

Sig. (1-tailed) ClavAPRight .000 .286 .000 
Dummy sex .000 .475 .000 
Midpoint age .286 .475 .423 
ClavMaxLenRight .000 .000 .423 

N ClavAPRight 86 86 86 86 
Dummy sex 86 86 86 86 
Midpoint age 86 86 86 86 
ClavMaxLenRight 86 86 86 86 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .737(a) .543 .526 .91833 

a Predictors: (Constant), CiavMaxLenRlght, Midpoint age, Dummy sex 

Model 
Sum of 
Squares df 

Midpoint 
Square F Sig. 

1 Regress! 
on 

82.212 3 27.404 32.495 .000(3) 

Residual 69.154 82 .843 
Total 151.366 85 

a Predictors: (Constant), ClavMaxLenRight, Midpoint age, Dummy sex 
b Dependent Variable: ClavAPRight 



220 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) 3.078 .003 
Dummy sex -.513 -3.662 .000 -.723 -.375 -.273 
Midpoint 
age 

.064 .850 .398 .062 .093 .063 

ClavMaxLe 
n Right 

.247 1.761 .082 .680 .191 .131 

a Dependent Variable: ClavAPRight 

Table 6.15. Correlation and Regression: S-I Midshaft Diameter 

ClavSI Righ 
t Dummy sex 

Midpoint 
age 

ClavMaxL 
enRight 

Pearson ClavSIRight 1.000 -.652 .093 .656 
Correlation Dummy sex -.652 1.000 -.007 -.846 

Midpoint age .093 -.007 1.000 -.021 
ClavMaxLenRight .656 -.846 -.021 1.000 

Sig. (1-tailed) ClavSIRight .000 .198 .000 
Dummy sex .000 .475 .000 
Midpoint age .198 .475 .423 
ClavMaxLenRight .000 .000 .423 

N ClavSIRight 86 86 86 86 
Dummy sex 86 86 86 86 
Midpoint age 86 86 86 86 
ClavMaxLenRight 86 86 86 86 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .688(a) .473 .453 .97068 

a Predictors: (Constant), ClavMaxLenRight, Midpoint age, Dummy sex 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
69.268 3 23.089 24.505 .000(a) 

Residual 77.262 82 .942 
Total 146.530 85 

a Predictors: (Constant), ClavMaxLenRight, Midpoint age. Dummy sex 
b Dependent Variable: ClavSI Right 
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Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) 1.498 .138 
Dummy sex -.331 -2.198 .031 -.652 -.236 -.176 
Midpoint 
age 

.099 1.227 .223 .093 .134 .098 

ClavMaxLe 
nRight 

.378 2.508 .014 .656 .267 .201 

a Dependent Variable; ClavSI Right 

Table 6.16. Correlation and Regression: Clavicle Deltoid Robusticity Score 

ClavDeltoidR ClavMaxL Midpoint 
obScoreRight enRight Dummy sex age 

Pearson 
Correlation 

ClavDeltoidRobSc 
oreRight 1.000 -.111 .058 .465 

ClavMaxLenRight -.111 1.000 -.848 .046 
Dummy sex .058 -.848 1.000 -.066 
Midpoint age .465 .046 -.066 1.000 

Sig. (1-tailed) ClavDeltoidRobSc 
oreRight .231 .350 .001 

ClavMaxLenRight .231 .000 .382 
Dummy sex .350 .000 .331 
Midpoint age .001 .382 .331 

N ClavDeltoidRobSc 
oreRight 46 46 46 46 

ClavMaxLenRight 46 46 46 46 
Dummy sex 46 46 46 46 
Midpoint age 46 46 46 46 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .485(a) .236 .181 .44354 

a Predictors; (Constant), Midpoint age, ClavMaxLenRight, Dummy sex 
b Dependent Variable; ClavDeltoidRobScoreRight 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
2.547 3 .849 4.316 .010(a) 

Residual 8.263 42 .197 
Total 10.810 45 

a Predictors; (Constant), Midpoint age, ClavMaxLenRight, Dummy sex 
b Dependent Variable; ClavDeltoidRobScoreRight 
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Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) 
ClavMaxLe 
nRight 
Dummy sex 
Midpoint 
age 

-.200 

2.221 

-.788 

.032 

.435 -.111 -.121 -.106 

(Constant) 
ClavMaxLe 
nRight 
Dummy sex 
Midpoint 
age 

-.080 

.469 

-.316 

3.467 

.754 

.001 

.058 

.465 

-.049 

.472 

-.043 

.468 

a Dependent Variable; CiavDeltoidRobScoreRight 

Table 6.17. Correlation and Regression: Maximum Length of the Deltoid on the Clavicle 

Correlations 

ClavDeltoid 
MaxLenLeft Dummy sex 

Midpoint 
age 

ClavMaxL 
enLeft 

Pearson Correlation ClavDeltoidMaxLenL 
eft 

1.000 -.388 .339 .360 

Dummy sex -.388 1.000 -.148 -.767 
Midpoint age .339 -.148 1.000 .051 
ClavMaxLenLeft .360 -.767 .051 1.000 

Sig. (1-tailed) ClavDeltoid MaxLen L 
eft 

.005 .012 .008 

Dummy sex .005 .169 .000 
Midpoint age .012 .169 .372 
ClavMaxLenLeft .008 .000 .372 

N ClavDeltoidMaxLenL 
eft 

44 44 44 44 

Dummy sex 44 44 44 44 
Midpoint age 44 44 44 44 
ClavMaxLenLeft 44 44 44 44 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .497(a) .247 .191 5.52909 

a Predictors: (Constant), ClavMaxLenLeft, Midpoint age, Dummy sex 
b Dependent Variable; ClavDeltoidMaxLenLeft 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
402.035 3 134.012 4.384 .009(a) 

Residual 1222.834 40 30.571 
Total 1624.869 43 

a Predictors: (Constant), ClavMaxLenLeft, Midpoint age. Dummy sex 
b Dependent Variable; ClavDeltoidMaxLenLeft 



223 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) 1.114 .272 
Dummy 
sex 

-.191 -.880 .384 -.388 -.138 -.121 

Midpoint 
age 

.301 2.159 .037 .339 .323 .296 

ClavMaxLe 
nLeft 

.198 .921 .362 .360 .144 .126 

a Dependent Variable; ClavDeltoidMaxLenLeft 

Table 6.18: Correlation and Regression: Costoclavicular Ligament Robusticity Score 

ClavCCLRobSc Dummy Midpoint ClavMaxLe 
oreLeft sex Age nLeft 

Pearson 
Correlation 

ClavCCLRobScor 
eLeft 

1.000 .259 .293 -.062 

Dummy sex .259 1.000 -.153 -.773 
Midpoint Age .293 -.153 1.000 .085 
ClavMaxLenLeft -.062 -.773 .085 1.000 

Sig. (1-tailed) ClavCCLRobScor 
eLeft 

.039 .023 .339 

Dummy sex .039 .152 .000 
Midpoint Age .023 .152 .286 
ClavMaxLenLeft .339 .000 .286 

N ClavCCLRobScor 
eLeft 

47 47 47 47 

Dummy sex 47 47 47 47 
Midpoint Age 47 47 47 47 
ClavMaxLenLeft 47 47 47 47 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .486(a) .237 .183 .43152 

a Predictors: (Constant), ClavMaxLenLeft, Midpoint Age, Dummy sex 
b Dependent Variable: ClavCCLRobScoreLeft 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
2.482 3 .827 4.443 .008(a) 

Residual 8.007 43 .186 
Total 10.489 46 

a Predictors: (Constant), ClavMaxLenLeft, Midpoint Age, Dummy sex 
b Dependent Variable: ClavCCLRobScoreLeft 
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Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) 
Dummy 
sex 

.603 

-.256 

2.840 

.799 

.007 .259 .397 .378 

Midpoint 
Age 
ClavMaxLe 
nLeft 

.354 2.619 .012 .293 .371 .349 
Midpoint 
Age 
ClavMaxLe 
nLeft 

.374 1.777 .083 -.062 .262 .237 

a Dependent Variable: ClavCCLRobScoreLeft 

Table 6.19. Correlation and Regression: Young/Sub Adult (16-35) Costoclavicular Ligament 
Robusticity 

ClavCCLRo 
bScoreLeft Dummy sex 

Midpoint 
Age 

Pearson Correlation ClavCCLRobScoreL 
eft 

1.000 .401 .213 

Sig. (1-tailed) 

N 

Dummy sex 
Midpoint Age 
ClavCCLRobScoreL 
eft 
Dummy sex 
Midpoint Age 
ClavCCLRobScoreL 
eft 
Dummy sex 
Midpoint Age 

.401 

.213 

.019 

.143 

27 

27 
27 

1.000 
.087 

.019 

.333 

27 

27 

27 

.087 
1.000 

.143 

.333 

27 

27 
27 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .439(a) .193 .125 .41763 

a Predictors: (Constant), Midpoint Age, Dummy sex 
b Dependent Variable: ClavCCLRobScoreLeft 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
.999 2 .500 2.865 .077(a) 

Residual 4.186 24 .174 
Total 5.185 26 

a Predictors: (Constant), Midpoint Age, Dummy sex 
b Dependent Variable: ClavCCLRobScoreLeft 
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Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constan 
t) 

2.158 .041 

Dummy 
sex 

.385 2.093 .047 .401 .393 .384 

Midpoint 
Age 

.179 .975 .339 .213 .195 .179 

a Dependent Variable: ClavCCLRobScoreLeft 

Table 6.20. Correlation and Regression: Middle/Old Adult (35-50+) Costoclavicular Ligament 
Robusticity 

ClavCCLRo 
bScoreLeft 

Midpoint 
Age Dummy sex 

Pearson Correlation ClavCCLRobScoreL 
eft 

1.000 -.023 .321 

Sig. (1-tailed) 

N 

Midpoint Age 
Dummy sex 
ClavCCLRobScoreL 
eft 
Midpoint Age 
Dummy sex 
ClavCCLRobScoreL 
eft 
Midpoint Age 
Dummy sex 

-.023 
.321 

.448 

.032 

34 

34 
34 

1.000 
.266 

.448 

.065 

34 

34 
34 

.266 
1.000 

.032 

.065 

34 

34 
34 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .340(a) .115 .058 .43092 

a Predictors: (Constant), Dummy sex, Midpoint Age 
b Dependent Variable: ClavCCLRobScoreLeft 

Sum of 
Model Squares Df Square F Sig. 
1 Regressi 

on 
.751 2 .375 2.022 .150(a) 

Residual 5.757 31 .186 
Total 6.507 33 

a Predictors: (Constant), Dummy sex, Midpoint Age 
b Dependent Variable: ClavCCLRobScoreLeft 
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Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constan 
t) 

4.660 .000 

Midpoint 
Age 

-.116 -.665 .511 -.023 -.119 -.112 

Dummy 
sex 

.352 2.006 .054 .321 .339 .339 

a Dependent Variable: ClavCCLRobScoreLeft 

Table 6.21. Correlation and Regression: Males; Costoclavicular Ligament Robusticity 

ClavCCLRo 
bScoreLeft 

Midpoint 
Age 

ClavMaxL 
en Left 

Pearson Correlation ClavCCLRobScoreL 
eft 

1.000 .565 .016 

Sig. (1-tailed) 

N 

Midpoint Age 
ClavMaxLenLeft 
ClavCCLRobScoreL 
eft 
Midpoint Age 
ClavMaxLenLeft 
ClavCCLRobScoreL 
eft 
Midpoint Age 
ClavMaxLenLeft 

.565 

.016 

.009 

.476 

17 

17 
17 

1.000 
.055 

.009 

.416 

17 

17 
17 

.055 
1.000 

.476 

.416 

17 

17 
17 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .565(a) .319 .222 .47392 

a Predictors: (Constant), ClavMaxLenLeft, Midpoint Age 
b Dependent Variable: ClavCCLRobScoreLeft 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
1.473 2 .737 3.280 .068(a) 

Residual 3.144 14 .225 
Total 4.618 16 

a Predictors: (Constant), ClavMaxLenLeft, Midpoint Age 
b Dependent Variable: ClavCCLRobScoreLeft 



Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) .586 .567 
Midpoint 
Age 

.565 2.560 .023 .565 .565 .565 

ClavMaxLe 
nLeft 

-.016 -.071 .944 .016 -.019 -.016 

a Dependent Variable: ClavCCLRobScoreLeft 

Table 6.22. Correlation and Regression: Females; Costoclavicular Ligament Robusticity 

ClavCCLRo 
bScoreLeft 

Midpoint 
Age 

ClavMaxL 
enLeft 

Pearson Correlation ClavCCLRobScoreL 
eft 
Midpoint Age 
ClavMaxLenLeft 

Sig. (1-tailed) ClavCCLRobScoreL 
eft 
Midpoint Age 
ClavMaxLenLeft 

N ClavCCLRobScoreL 
eft 
Midpoint Age 
ClavMaxLenLeft 

1.000 

.239 

.369 

.101 

.022 

30 

30 
30 

.239 

1.000 
-.100 

.101 

.300 

30 

30 
30 

.369 

-.100 
1.000 

.022 

.300 

30 

30 
30 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .462(a) .213 .155 .38797 

a Predictors: (Constant), ClavMaxLenLeft, Midpoint Age 
b Dependent Variable: ClavCCLRobScoreLeft 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
1.103 2 .551 3.663 .039(a) 

Residual 4.064 27 .151 
Total 5.167 29 

a Predictors: (Constant), ClavMaxLenLeft, Midpoint Age 
b Dependent Variable: ClavCCLRobScoreLeft 
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Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) -.299 .767 
Midpoint 
Age 

.279 1.627 .115 .239 .299 .278 

ClavMaxLe 
nLeft 

.397 2.315 .028 .369 .407 .395 

a Dependent Variable: ClavCCLRobScoreLeft 

Table 6.23. Correlation and Regression: Maximum Diameter of the Costoclavicular Ligament 

ClavCCLM 
axDiaRight 

Midpoint 
Age 

ClavMaxL 
enRight Dummy sex 

Pearson Correlation ClavCCLMaxDiaRig 
ht 

1.000 .271 .071 .086 

Midpoint Age .271 1.000 .012 -.063 
ClavMaxLenRight .071 .012 1.000 -.848 
Dummy sex .086 -.063 -.848 1.000 

Sig. (1-tailed) ClavCCLMaxDiaRig 
ht 

.034 .320 .284 

Midpoint Age .034 .469 .338 
ClavMaxLenRight .320 .469 .000 
Dummy sex .284 .338 .000 

N ClavCCLMaxDiaRig 
ht 

46 46 46 46 

Midpoint Age 46 46 46 46 
ClavMaxLenRight 46 46 46 46 
Dummy sex 46 46 46 46 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .414(a) .171 .112 3.23338 

a Predictors: (Constant), Dummy sex, Midpoint Age, ClavMaxLenRight 
b Dependent Variable: ClavCCLMaxDiaRight 

Sum of Mean 
Model Squares Df Square F Sig. 
1 Regressi 

on 
90.651 3 30.217 2.890 .047(a) 

Residual 439.099 42 10.455 
Total 529.750 45 

a Predictors: (Constant), Dummy sex. Midpoint Age, ClavMaxLenRight 
b Dependent Variable: ClavCCLMaxDiaRight 
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Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) -.727 .471 
Dummy sex .579 2.171 .036 .086 .318 .305 
ClavMaxLe 
nRight 

.558 2.097 .042 .071 .308 .295 

Midpoint 
Age 

.301 2.133 .039 .271 .313 .300 

a Dependent Variable; ClavCCLMaxDiaRight 

Table 6.24. Correlation and Regression: Trapezoid Ligament Robusticity 

Correlations 

ClavTLRo 
bScoreLeft Dummy sex 

Midpoint 
Age 

ClavMaxL 
enLeft 

Pearson Correlation ClavTLRobScoreLef 
t 

1.000 .390 .308 -.305 

Dummy sex .390 1.000 -.165 -.776 
Midpoint Age .308 -.165 1.000 .101 
ClavMaxLenLeft -.305 -.776 .101 1.000 

Sig. (1-tailed) ClavTLRobScoreLef 
t 

.003 .017 .018 

Dummy sex .003 .131 .000 
Midpoint Age .017 .131 .247 
ClavMaxLenLeft .018 .000 .247 

N ClavTLRobScoreLef 
t 

48 48 48 48 

Dummy sex 48 48 48 48 
Midpoint Age 48 48 48 48 
ClavMaxLenLeft 48 48 48 48 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .543(a) .294 .246 .3577 

a Predictors: (Constant), ClavMaxLenLeft, Midpoint Age, Dummy sex 
b Dependent Variable; ClavTLRobScoreLeft 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
2.349 3 .783 6.121 .001(a) 

Residual 5.630 44 .128 
Total 7.979 47 

a Predictors; (Constant), ClavMaxLenLeft, Midpoint Age, Dummy sex 
b Dependent Variable; ClavTLRobScoreLeft 



230 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) 1.579 .121 
Dummy 
sex 

.468 2.310 .026 .390 .329 .293 

Midpoint 
Age 

.383 2.983 .005 .308 .410 .378 

CiavMaxLe 
nLeft 

.020 .101 .920 -.305 .015 .013 

a Dependent Variable: ClavTLRobScoreLeft 

Table 6.25. Correlation and Regression: Males; Trapezoid Ligament Robusticity 

Correlations 

ClavTLRo 
bScoreLeft 

IVIidpoint 
Age 

ClavMaxL 
en Left 

Pearson Correlation ClavTLRobScoreLef 
t 
Midpoint Age 
ClavMaxLenLeft 
ClavTLRobScoreLef Sig. (1-tailed) 

N 

t 
Midpoint Age 
ClavMaxLenLeft 
ClavTLRobScoreLef 
t 
Midpoint Age 
ClavMaxLenLeft 

1.000 

.555 

.056 

.010 

.416 

17 

17 
17 

.555 

1.000 
.055 

.010 

.416 

17 

17 
17 

.056 

.055 
1.000 

.416 

.416 

17 

17 
17 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .556(a) .309 .210 .3554 

a Predictors: (Constant), ClavMaxLenLeft, Midpoint Age 
b Dependent Variable: ClavTLRobScoreLeft 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
.791 2 .395 3.130 .075(3) 

Residual 1.768 14 .126 
Total 2.559 16 

a Predictors: (Constant), ClavMaxLenLeft, Midpoint Age 
b Dependent Variable: ClavTLRobScoreLeft 
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Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) .677 .510 
Midpoint 
Age 

.554 2.489 .026 .555 .554 .553 

ClavMaxLe 
nLeft 

.025 .112 .912 .056 .030 .025 

a Dependent Variable: ClavT LRobScoreLeft 

Table 6.26. Correlation and Regression: Females; Trapezoid Ligament Robusticity 

ClavTLRo 
bScoreLeft 

Midpoint 
Age 

ClavMaxL 
en Left 

Pearson Correlation 

Sig. (1-tailed) 

N 

ClavTLRobScoreLef 
t 
Midpoint Age 
ClavMaxLenLeft 
ClavTLRobScoreLef 
t 
Midpoint Age 
ClavMaxLenLeft 
ClavTLRobScoreLef 
t 
Midpoint Age 
ClavMaxLenLeft 

1.000 

.347 
-.036 

.028 

.424 

31 

31 
31 

.347 

1.000 
-.084 

.028 

.327 

31 

31 
31 

-.036 

-.084 
1.000 

.424 

.327 

31 

31 
31 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .348(a) .121 .058 .3636 

a Predictors; (Constant), ClavMaxLenLeft, Midpoint Age 
b Dependent Variable: ClavTLRobScoreLeft 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
.508 2 .254 1.923 .165(8) 

Residual 3.701 28 .132 
Total 4.210 30 

a Predictors: (Constant), ClavMaxLenLeft, Midpoint Age 
b Dependent Variable: ClavTLRobScoreLeft 
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Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) 2.035 .051 
Midpoint 
Age 

.347 1.951 .061 .347 .346 .346 

ClavMaxLe 
nLeft 

-.007 -.039 .969 -.036 -.007 -.007 

a Dependent Variable: ClavTLRobScoreLeft 

Table 6.27. Correlation and Regression: Conoid Ligament Robusticity 

ClavConoidR Midpoint Dummy ClavMaxL 
obScoreRiqht Age sex enRight 

Pearson 
Correlation 

ClavConoidRobSc 
oreRight 1.000 .377 .343 -.341 

Midpoint Age .377 1.000 -.042 .004 
Dummy sex .343 -.042 1.000 -.854 
ClavMaxLenRight -.341 .004 -.854 1.000 

Sig. (1-tailed) ClavConoidRobSc 
oreRight .004 .008 .008 

Midpoint Age .004 .387 .488 
Dummy sex .006 .387 .000 
ClavMaxLenRight .008 .488 .000 

N ClavConoidRobSc 
oreRight 49 49 49 49 

Midpoint Age 49 49 49 49 
Dummy sex 49 49 49 49 
ClavMaxLenRight 49 49 49 49 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .525(a) .276 .228 .4350 

a Predictors; (Constant), ClavMaxLenRight, Midpoint Age, Dummy sex 
b Dependent Variable: ClavConoidRobScoreRight 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
3.249 3 1.083 5.721 .002(a) 

Residual 8.517 45 .189 
Total 11.765 48 

a Predictors: (Constant), ClavMaxLenRight, Midpoint Age, Dummy sex 
b Dependent Variable: ClavConoidRobScoreRight 
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Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) 1.967 .055 
Midpoint 
Age 

.388 3.051 .004 .377 .414 .387 

Dummy sex .247 1.011 .317 .343 .149 .128 
ClavMaxLe 
nRight 

-.132 -.541 .591 -.341 -.080 -.069 

a Dependent Variable: ClavConoidRobScoreRight 

Table 6.28: Correlation and Regression: Males; Conoid Ligament Robusticity 

Correlations 

ClavConoidR Midpoint ClavMaxL 
obScoreRight Age enRight 

Pearson 
Correlation 

ClavConoidRobSc 
oreRight 1.000 .600 -.141 

Midpoint Age .600 1.000 .045 
ClavMaxLenRight -.141 .045 1.000 

Sig. (1-tailed) ClavConoidRobSc 
oreRight .003 .276 

Midpoint Age .003 .426 
ClavMaxLenRight .276 .426 

N ClavConoidRobSc 
oreRight 20 20 20 

Midpoint Age 20 20 20 
ClavMaxLenRight 20 20 20 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .623(a) .388 .316 .4087 

a Predictors; (Constant), ClavMaxLenRight, Midpoint Age 
b Dependent Variable: ClavConoidRobScoreRight 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
1.798 2 .899 5.381 .015(a) 

Residual 2.840 17 .167 
Total 4.637 19 

a Predictors: (Constant), ClavMaxLenRight, Midpoint Age 
b Dependent Variable: ClavConoidRobScoreRight 
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Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) 1.735 .101 
Midpoint 
Age .607 3.195 .005 .600 .613 .606 

ClavMaxLe 
n Right 

-.168 -.885 .389 -.141 -.210 -.168 

a Dependent Variable; ClavConoidRobScoreRight 

Table 6.29: Correlation and Regression: Females; Conoid Ligament Robusticity 

ClavConoidR Midpoint ClavMaxL 
obScoreRight Age enRight 

Pearson 
Correlation 

ClavConoidRobSc 
oreRight 1.000 .313 -.061 

Midpoint Age .313 1.000 -.132 
ClavMaxLenRight -.061 -.132 1.000 

Sig. (1-tailed) ClavConoidRobSc 
oreRight .049 .377 

Midpoint Age .049 .248 
ClavMaxLenRight .377 .248 

N ClavConoidRobSc 
oreRight 29 29 29 

Midpoint Age 29 29 29 
ClavMaxLenRight 29 29 29 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .314(a) .099 .029 .4462 

a Predictors; (Constant), ClavMaxLenRight, Midpoint Age 
b Dependent Variable; ClavConoidRobScoreRight 

Sum of Mean 
Model Squares df Square F Slq. 
1 Regressi 

on 
.566 2 .283 1.422 .259(a) 

Residual 5.175 26 .199 
Total 5.741 28 

a Predictors; (Constant), ClavMaxLenRight, Midpoint Age 
b Dependent Variable; ClavConoidRobScoreRight 
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Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) 1.556 .132 
Midpoint 
Age 

.311 1.654 .110 .313 .309 .308 

ClavMaxLe 
n Right 

-.020 -.106 .917 -.061 -.021 -.020 

a Dependent Variable; ClavConoidRobScoreRight 

Table 6.30: Correlation and Regression: Sternocleidomastoid Robusticity 

ClavSCMRobS 
coreLeft 

Midpoint 
Age 

Dummy 
sex 

ClavMaxL 
en Left 

Pearson ClavSCMRobS 
Correlation coreLeft 

Midpoint Age 
Dummy sex 
ClavMaxLenLef 
t 

Sig. (1-tailed) ClavSCMRobS 
coreLeft 
Midpoint Age 
Dummy sex 
ClavMaxLenLef 
t 

N ClavSCMRobS 
coreLeft 
Midpoint Age 
Dummy sex 
ClavMaxLenLef 
t 

1.000 

.541 

.046 

-.037 

.000 

.388 

.410 

40 

40 
40 

40 

.541 

1.000 
-.051 

.041 

.000 

.377 

.402 

40 

40 
40 

40 

.046 

-.051 
1.000 

-.775 

.388 

.377 

.000 

40 

40 
40 

40 

-.037 

.041 
-.775 

1.000 

.410 

.402 

.000 

40 

40 
40 

40 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .546(a) .298 .240 .7133 

a Predictors; (Constant), ClavMaxLenLeft, Midpoint Age, Dummy sex 
b Dependent Variable; ClavSCMRobScoreLeft 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
7.784 3 2.595 5.100 .005(a) 

Residual 18.316 36 .509 
Total 26.100 39 

a Predictors; (Constant), ClavMaxLenLeft, Midpoint Age, Dummy sex 
b Dependent Variable; ClavSCMRobScoreLeft 
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Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) .229 .820 
Midpoint 
Age 

.545 3.897 .000 .541 .545 .544 

Dummy 
sex 

.071 .322 .749 .046 .054 .045 

ClavMaxLe 
nLeft 

-.004 -.018 .986 -.037 -.003 -.002 

a Dependent Variable: ClavSCMRobScoreLeft 

Table 6.31. One Way Analysis of Variance: Difference in Humerus Diameter Symmetry for Males 
and Females 

Humerus Maximum Diameter Symmetry Root 

Sum of 
Squares df 

Mean 
Square F Sig. 

Between 
Groups 
Within Groups 
Total 

3.727 

46.890 
50.617 

1 

108 
109 

3.727 

.434 

8.583 .004 

Table 6.32. T-Test: Difference in Humerus Diameter Symmetry for Males and Females 

F Sig. t df 
Sig. (2-
tailed) 

Humerus Equal 
Maximum variances 
Diameter assumed 
Symmetry 
Root 

Equal 
variances 
not 
assumed 

1.814 .181 2.930 

2.844 

108 

84.425 

.004 

.006 
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Table 6.33. Correlation and Regression: Humerus Maximum Diameter Symmetry 

Humerus 
Maximum 
Diameter 
Symmetry 

Root Dummy sex 
Midpoint 

age 
Pearson Correlation Humerus Maximum 

Diameter Symmetry 1.000 -.271 -.122 
Root 
Dummy sex -.271 1.000 -.060 
Midpoint age -.122 -.060 1.000 

Sig. (1-tailed) Humerus Maximum 
Diameter Symmetry .002 .102 
Root 
Dummy sex .002 .267 
Midpoint age .102 .267 

N Humerus Maximum 
Diameter Symmetry 110 110 110 
Root 
Dummy sex 110 110 110 
Midpoint age 110 110 110 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .305(a) .093 .076 .65507 

a Predictors: (Constant), Midpoint age, Dummy sex 
b Dependent Variable: Humerus Maximum Diameter Symmetry Root 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
4.701 2 2.350 5.477 .005(a) 

Residual 45.916 107 .429 
Total 50.617 109 

a Predictors: (Constant), Midpoint age. Dummy sex 
b Dependent Variable: Humerus Maximum Diameter Symmetry Root 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constan 
t) 

5.864 .000 

Dummy 
sex 

-.280 -3.032 .003 -.271 -.281 -.279 

Midpoint 
age 

-.139 -1.507 .135 -.122 -.144 -.139 

a Dependent Variable: Humerus Maximum Diameter Symmetry Root 
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Table 6.34. One-Way Analysis of Variance: Difference in Humerus Diameter Symmetry 

Sum of 
Squares df 

Mean 
Square F Sig. 

Between 
Groups 
Within Groups 

Total 

9.115 

113.128 
122.243 

1 

108 
109 

9.115 

1.047 

8.702 .004 

Table 6.35. One-Way Analysis of Variance: Difference in Humerus Deltoid Diameter Symmetry 

Humerus Deltoid Diameter Symmetry Root 

Sum of 
Squares df 

Mean 
Square F Sig. 

Between 
Groups 
Within Groups 

Total 

9.137 

29.322 
38.459 

1 

73 
74 

9.137 

.402 

22.746 .000 

Table 6.36. Regression: Humerus Deltoid Diameter Symmetry 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .525(a) .276 .256 .62192 

a Predictors: (Constant), Dummy sex, Midpoint age 
b Dependent Variable: Humerus Deltoid Diameter Symmetry Root 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
10.611 2 5.305 13.717 .000(3) 

Residual 27.848 72 .387 
Total 38.459 74 

a Predictors: (Constant), Dummy sex, Midpoint age 
b Dependent Variable: Humerus Deltoid Diameter Symmetry Root 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constan 
t) 

6.946 .000 

Midpoint 
age 

-.197 -1.952 .055 -.140 -.224 -.196 

Dummy 
sex 

-.509 -5.047 .000 -.487 -.511 -.506 

a Dependent Variable: Humerus Deltoid Diameter Symmetry Root 



Table 6.37. One-Way ANOVA: Female Humerus Deltoid Diameter Symmetry Age Group 

Humerus Deltoid Diameter Symmetry Root 

Sum of 
Squares df 

Mean 
Square F Sig. 

Between 
Groups 
Within Groups 
Total 

1.718 

11.866 
13.585 

1 

44 
45 

1.718 

.270 

6.371 .015 

Table 6.38: Correlation and Regression: Female Deltoid Diameter Symmetry 

Humerus 
Deltoid 

Diameter 
Symmetry Midpoint 

Root age 
Pearson Correlation Humerus Deltoid 

Diameter Symmetry 1.000 -.346 
Root 
Midpoint age -.346 1.000 

Sig. (1-tailed) Humerus Deltoid 
Diameter Symmetry .009 
Root 
Midpoint age .009 

N Humerus Deltoid 
Diameter Symmetry 46 46 
Root 
Midpoint age 46 46 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .346(a) .119 .099 .52143 

a Predictors; (Constant), Midpoint age 
b Dependent Variable: Humerus Deltoid Diameter Symmetry Root 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
1.622 1 1.622 5.964 .019(a) 

Residual 11.963 44 .272 
Total 13.585 45 

a Predictors: (Constant), Midpoint age 
b Dependent Variable: Humerus Deltoid Diameter Symmetry Root 
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Table 6.39. One-Way ANOVA: Difference in Deltoid Symmetry for Males and Females 

Sum of Mean 
Squares df Square F Sig. 

Between 
Groups 
Within Groups 

.435 

4.385 

1 

73 

.435 

.060 

7.233 .009 

Total 4.820 74 

Table 6.40. Correlation and Regression: Latissimus Dorsi Robusticity Symmetry (Humerus) 

Humerus 
Lats 

Robusticity 
Symmetry 

Root 
Dummy 

sex 
Midpoint 

age 
Pearson Correlation Humerus Lats 

Robusticity Symmetry 1.000 -.451 .080 
Root 
Dummy sex -.451 1.000 -.157 
Midpoint age .080 -.157 1.000 

Sig. (1-tailed) Humerus Lats 
Robusticity Symmetry .000 .253 
Root 
Dummy sex .000 .094 
Midpoint age .253 .094 

N Humerus Lats 
Robusticity Symmetry 72 72 72 
Root 
Dummy sex 72 72 72 
Midpoint age 72 72 72 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .451(a) .203 .180 .15768 

a Predictors: (Constant), Midpoint age, Dummy sex 
b Dependent Variable: Humerus Lets Robusticity Symmetry Root 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
.437 2 .219 8.793 .000(a) 

Residual 1.716 69 .025 
Total 2.153 71 

a Predictors: (Constant), Midpoint age. Dummy sex 
b Dependent Variable: Humerus Lats Robusticity Symmetry Root 
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Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constan 
t) 

2.415 .018 

Dummy 
sex 

-.449 -4.127 .000 -.451 -.445 -.444 

Midpoint 
age 

.009 .087 .931 .080 .010 .009 

a Dependent Variable: Humerus Lats Robusticity Symmetry Root 

Table 6.41. One-Way ANOVA; Difference in Teres Major Robusticity Symmetry Between Males and 
Females (Humerus) 

Humerus Teres Major Robusticity Symmetry Root 

Sum of Mean 
Squares df Square F Sig. 

Between 
Groups 
Within Groups 

.785 

7.326 

1 

70 

.785 

.105 

7.501 .008 

Total 8.111 71 

Table 6.42. Correlation and Regression: Teres Major Robusticity Symmetry 

Humerus 
Teres Major 
Robusticity 
Symmetry 

Root 
Midpoint 

age Dummy sex 
Pearson Humerus Teres 
Correlation Major Robusticity 1.000 .111 -.311 

Symmetry Root 
Midpoint age .111 1.000 -.157 
Dummy sex -.311 -.157 1.000 

Sig. (1-tailed) Humerus Teres 
Major Robusticity .176 .004 
Symmetry Root 
Midpoint age .176 .094 
Dummy sex .004 .094 

N Humerus Teres 
Major Robusticity 72 72 72 
Symmetry Root 
Midpoint age 72 72 72 
Dummy sex 72 72 72 
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Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .317(a) .101 .075 .32512 

a Predictors: (Constant), Dummy sex, Midpoint age 
b Dependent Variable: Humerus Teres Major Robusticity Symmetry Root 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
.818 2 .409 3.868 .026(a) 

Residual 7.293 69 .106 
Total 8.111 71 

a Predictors: (Constant), Dummy sex. Midpoint age 
b Dependent Variable: Humerus Teres Major Robusticity Symmetry Root 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constan 
t) 

2.996 .004 

Midpoint 
aqe 

.064 .555 .580 .111 .067 .063 

Dummy 
sex 

-.301 -2.605 .011 -.311 -.299 -.297 

a Dependent Variable: Humerus Teres Major Robusticity Symmetry Root 
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Table 6.43. Correlation and Regression: Lateral Head of Triceps Robusticity Symmetry (Humerus) 

Humerus 
Lateral Head 

of Triceps 
Symmetry 

Root 
Midpoint 

age Dummy sex 
Pearson Correlation Humerus Lateral Head 

of Triceps Symmetry 1.000 .152 -.506 
Root 
Midpoint age .152 1.000 -.193 
Dummy sex -.506 -.193 1.000 

Sig. (1-tailed) Humerus Lateral Head 
of Triceps Symmetry .104 .000 
Root 
Midpoint age .104 .055 
Dummy sex .000 .055 

N Humerus Lateral Head 
of Triceps Symmetry 70 70 70 
Root 
Midpoint age 70 70 70 
Dummy sex 70 70 70 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .509(a) .259 .237 .21736 

a Predictors: (Constant), Dummy sex, Midpoint age 
b Dependent Variable: Humerus Lateral Head of Triceps Symmetry Root 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regress! 

on 
1.106 2 .553 11.703 .000(a) 

Residual 3.166 67 .047 
Total 4.271 69 

a Predictors: (Constant), Dummy sex. Midpoint age 
b Dependent Variable: Humerus Lateral Head of Triceps Symmetry Root 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constan 
t) 

2.782 .007 

Midpoint 
age 

.057 .528 .599 .152 .064 .056 

Dummy 
sex 

-.495 -4.617 .000 -.506 -.491 -.486 

a Dependent Variable: Humerus Lateral Head of Triceps Symmetry Root 



Table 6.44. Correlation and Regression: Coracobrachialis Robusticity Symmetry (Humerus) 

Humerus 
Coracobrachi 

alls 
Symmetry 

Root 
Midpoint 

age Dummy sex 
Pearson Humerus 
Correlation Coracobrachialis 1.000 -.006 -.471 

Symmetry Root 
Midpoint age -.006 1.000 -.137 
Dummy sex -.471 -.137 1.000 

Sig. (1-tailed) Humerus 
Coracobrachialis .478 .000 
Symmetry Root 
Midpoint age .478 .121 
Dummy sex .000 .121 

N Humerus 
Coracobrachialis 75 75 75 
Symmetry Root 

Midpoint age 75 75 75 
Dummy sex 75 75 75 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .476(a) .227 .205 .29581 

a Predictors; (Constant), Dummy sex, Midpoint age 
b Dependent Variable: Humerus Coracobrachialis Symmetry Root 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
1.846 2 .923 10.551 .000(a) 

Residual 6.300 72 .088 
Total 8.147 74 

a Predictors; (Constant), Dummy sex, Midpoint age 
b Dependent Variable; Humerus Coracobrachialis Symmetry Root 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constan 
t) 

4.018 .000 

Midpoint 
age 

-.072 -.689 .493 -.006 -.081 -.071 

Dummy 
sex 

-.481 -4.593 .000 -.471 -.476 -.476 

a Dependent Variable; Humerus Coracobrachialis Symmetry Root 



Table 6.45: Correlation and Regression: Male Common Flexor Origin SI Diameter Symmetry 
(Humerus) 

Humerus 
Common 
Flexor SI 
Symmetry Midpoint 

Root age 
Pearson Correlation Humerus Common 

Flexor SI Symmetry 1.000 -.514 
Root 
Midpoint age -.514 1.000 

Sig. (1-tailed) Humerus Common 
Flexor SI Symmetry .007 
Root 
Midpoint age .007 

N Humerus Common 
Flexor SI Symmetry 22 22 
Root 
Midpoint age 22 22 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .514(a) .264 .227 .78638 

a Predictors: (Constant), Midpoint age 
b Dependent Variable; Humerus Common Flexor SI Symmetry Root 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
4.436 1 4.436 7.173 .014(a) 

Residual 12.368 20 .618 
Total 16.804 21 

a Predictors: (Constant), Midpoint age 
b Dependent Variable: Humerus Common Flexor SI Symmetry Root 
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Table 6.46: Correlation and Regression: Male Common Flexor Origin Robusticity Symmetry 
(Humerus) 

Humerus 
Common 

Flexor 
Robusticity 
Symmetry 

Midpoint 
age 

Pearson Humerus Common 
Correlation Flexor Robusticity 1.000 -.476 

Symmetry 
Midpoint age -.476 1.000 

Sig. (1-tailed) Humerus Common 
Flexor Robusticity .011 
Symmetry 
Midpoint age .011 

N Humerus Common 
Flexor Robusticity 23 23 
Symmetry 

Midpoint age 23 23 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .476(a) .226 .189 .28585 

a Predictors: (Constant), Midpoint age 
b Dependent Variable: Humerus Common Flexor Robusticity Symmetry 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
.502 1 .502 6.138 .022(a) 

Residual 1.716 21 .082 
Total 2.217 22 

a Predictors: (Constant), Midpoint age 
b Dependent Variable: Humerus Common Flexor Robusticity Symmetry 



Table 6.47: Correlation and Regression: Pectoralis Major Width Symmetry 

Humerus 
Pectoralis 

Major Width 
Symmetry 

Root 
Midpoint 

age Dummy sex 
Pearson Correlation Humerus Pectoralis 

Major Width 1.000 .054 -.420 
Symmetry Root 
Midpoint age .054 1.000 -.182 
Dummy sex -.420 -.162 1.000 

Sig. (1-tailed) Humerus Pectoralis 
Major Width .333 .000 
Symmetry Root 
Midpoint age .333 .072 
Dummy sex .000 .072 

N Humerus Pectoralis 
Major Width 66 66 66 
Symmetry Root 
Midpoint age 66 66 66 
Dummy sex 66 66 66 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .420(a) .177 .151 .46947 

a Predictors: (Constant), Dummy sex, Midpoint age 
b Dependent Variable; Humerus Pectoralis Major Width Symmetry Root 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
2.980 2 1.490 6.760 .002(a) 

Residual 13.885 63 .220 
Total 16.865 65 

a Predictors: (Constant), Dummy sex, Midpoint age 
b Dependent Variable: Humerus Pectoralis Major Width Symmetry Root 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constan 
t) 

3.484 .001 

Midpoint 
age 

-.023 -.197 .845 .054 -.025 -.023 

Dummy 
sex 

-.424 -3.646 .001 -.420 -.417 -.417 

a Dependent Variable: Humerus Pectoralis Major Width Symmetry Root 
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Table 6.48. Correlation and Regression: Humerus Maximum Diameter 

HumMaxDiaMid 
ShaftRight 

Midpoint 
age 

HumMax 
LenRight 

Dummy 
sex 

Pearson 
Correlation 

HumMaxDiaMid 
ShaftRight 1.000 .303 .219 -.283 

Midpoint age .303 1.000 -.100 -.085 
HumMaxLenRig 
ht 

.219 -.100 1.000 -.439 

Dummy sex -.283 -.085 -.439 1.000 
Sig. (1-tailed) HumMaxDiaMid 

ShaftRight .001 .014 .002 

Midpoint age .001 .161 .199 
HumMaxLenRig 
ht 

.014 .161 .000 

Dummy sex .002 .199 .000 
N HumMaxDiaMid 

ShaftRight 101 101 101 101 

Midpoint age 101 101 101 101 
HumMaxLenRig 
ht 

101 101 101 101 

Dummy sex 101 101 101 101 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .425(a) .181 .155 1.57496 

a Predictors: (Constant), Dummy sex, Midpoint age, HumMaxLenRight 
b Dependent Variable; HumMaxDiaMidShaftRight 

Sum of Mean 
Model Squares Df Square F Sig. 
1 Regressi 

on 
53.103 3 17.701 7.136 .000(a) 

Residual 240.609 97 2.481 
Total 293.711 100 

a Predictors: (Constant), Dummy sex, Midpoint age, HumMaxLenRight 
b Dependent Variable: HumMaxDiaMidShaftRight 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) 8.823 .000 
Midpoint 
age 

.304 3.257 .002 .303 .314 .299 

HumMaxLe 
nRight 

.169 1.634 .106 .219 .164 .150 

Dummy sex -.183 -1.770 .080 -.283 -.177 -.163 
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Table 6.49. Correlation and Regression: Humerus Epicondylar Breadth 

HumEpicon 
BreadthRight 

Midpoint 
age 

Dummy 
sex 

HumMaxLe 
nRight 

Pearson HumEpiconBread 
1.000 .190 -.734 .368 

Correlation thRight 
1.000 .190 -.734 .368 

Midpoint age .190 1.000 -.066 -.127 
Dummy sex -.734 -.066 1.000 -.439 
HumMaxLenRight .368 -.127 -.439 1.000 

Sig. (1- HumEpiconBread 
.032 .000 .000 

tailed) thRight 
.032 .000 .000 

Midpoint age .032 .263 .110 
Dummy sex .000 .263 .000 
HumMaxLenRight .000 .110 .000 

N HumEpiconBread 
95 95 95 95 

thRight 
95 95 95 95 

Midpoint age 95 95 95 95 
Dummy sex 95 95 95 95 
HumMaxLenRight 95 95 95 95 

Model R R Square 
Adjusted 
R Square 

Std. Error of 
the Estimate 

1 .752(a) .565 .551 2.74420 

a Predictors; (Constant), HumMaxLenRight, Midpoint age, Dummy sex 
b Dependent Variable: HumEpiconBreadthRight 

Model 
Sum of 
Squares df 

Mean 
Square F Sig. 

1 Regressi 
on 

890.486 3 296.829 39.416 .000(a) 

Residual 685.287 91 7.531 
Total 1575.773 94 

a Predictors: (Constant), HumMaxLenRight, Midpoint age. Dummy sex 
b Dependent Variable: HumEpiconBreadthRight 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) 15.787 .000 
Midpoint 
age 

.156 2.219 .029 .190 .227 .153 

Dummy sex -.686 -8.830 .000 -.734 -.679 -.610 
HumMaxLe 
nRight 

.086 1.105 .272 .368 .115 .076 

a Dependent Variable: HumEpiconBreadthRight 
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Table 6.50. Correlation and Regression: Male Humerus Epicondylar Breadth 

HumEpiconBr 
eadthRight 

Midpoint 
age 

HumMax 
LenRight 

Pearson Correlation 

Sig. (1-tailed) 

N 

HumEpiconBreadthRi 
ght 
Midpoint age 
HumMaxLenRight 
H u m Epicon Breadth Ri 
ght 
Midpoint age 
HumMaxLenRight 
HumEpiconBreadthRi 
ght 
Midpoint age 
HumMaxLenRight 

1.000 

.106 

.579 

.269 

.000 

36 

36 
36 

.106 

1.000 

-.171 

.269 

.159 

36 

36 
36 

.579 

-.171 
1.000 

.000 

.159 

36 

36 
36 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .616(a) .379 .341 2.22752 

a Predictors; (Constant), HumMaxLenRight, Midpoint age 
b Dependent Variable: HumEpiconBreadthRight 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
99.935 2 49.967 10.070 .000(a) 

Residual 163.741 33 4.962 
Total 263.676 35 

a Predictors; (Constant), HumMaxLenRight, Midpoint age 
b Dependent Variable; HumEpiconBreadthRight 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) 2.356 .025 
Midpoint 
age 

.211 1.518 .138 .106 .256 .208 

HumMaxLe 
nRight 

.615 4.421 .000 .579 .610 .606 

a Dependent Variable; HumEpiconBreadthRight 



Table 6.51. Correlation and Regression: Female Humerus Epicondylar Breadth 

HumEpiconBre 
adthRight 

Midpoint 
age 

HumMaxLe 
nRight 

Pearson H u mEpicon Breadth Ri 
1.000 .257 -.041 

Correlation ght 
1.000 .257 -.041 

Midpoint age .257 1.000 -.180 
HumMaxLenRight -.041 -.180 1.000 

Sig. (1-tailed) HumEpiconBreadthRi 
.025 .378 

ght 
.025 .378 

Mean age .025 .086 
HumMaxLenRight .378 .086 

N HumEpiconBreadthRi 
59 59 59 

ght 
59 59 59 

Midpoint age 59 59 59 
HumMaxLenRight 59 59 59 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .257(a) .066 .033 2.77776 

a Predictors: (Constant), HumMaxLenRight, Midpoint age 
b Dependent Variable: HumEpiconBreadthRight 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regress! 

on 
30.613 2 15.307 1.984 .147(a) 

Residual 432.094 56 7.716 
Total 462.707 58 

a Predictors: (Constant), HumMaxLenRight, Midpoint age 
b Dependent Variable: HumEpiconBreadthRight 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) 15.219 .000 
Midpoint 
age 

.258 1.966 .054 .257 .254 .254 

HumMaxLe 
nRight 

.005 .039 .969 -.041 .005 .005 

a Dependent Variable: HumEpiconBreadthRight 
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Table 6.52. Correlation and Regression: Maximum Diameter at the Deltoid 

HumDeltoidMax Dummy HumMax Midpoint 
DiaRight sex LenRight age 

Pearson 
Correlation 

HumDeltoidM 
axDiaRight 

1.000 -.300 .565 .329 

Dummy sex -.300 1.000 -.667 -.181 
HumMaxLen 
Right 
Midpoint age 

.565 -.667 1.000 .150 HumMaxLen 
Right 
Midpoint age .329 -.181 .150 1.000 

Sig. (1-tailed) HumDeltoidM 
axDiaRight 

.009 .000 .005 

Dummy sex .009 .000 .082 
HumMaxLen 
Right 

.000 .000 .124 

Midpoint age .005 .082 .124 
N HumDeltoidM 

axDiaRight 
61 61 61 61 

Dummy sex 61 61 61 61 
HumMaxLen 
Right 

61 61 61 61 

Midpoint age 61 61 61 61 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .630(a) .397 .366 1.48021 

a Predictors: (Constant), Midpoint age, HumMaxLenRight, Dummy sex 
b Dependent Variable; HumDeltoidMaxDiaRight 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
82.394 3 27.465 12.535 .000(a) 

Residual 124.888 57 2.191 
Total 207.283 60 

a Predictors: (Constant), Midpoint age, HumMaxLenRight, Dummy sex 
b Dependent Variable: HumDeltoidMaxDiaRight 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) -.079 .937 
Dummy sex .177 1.277 .207 -.300 .167 .131 
HumMaxLe 
nRight 

.643 4.658 .000 .565 .525 .479 

Midpoint 
age 

.265 2.531 .014 .329 .318 .260 

a Dependent Variable: HumDeltoidMaxDiaRight 
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Table 6.53. Correlation and Regression: Maximum Diameter at the Deltoid for Males (Humerus) 

HumDeltoid 
MaxDiaRight 

HumMax 
LenRight 

Midpoint 
age 

Pearson Correlation 

Sig. (1-tailed) 

N 

HumDeltoidMaxDiaRi 
ght 
HumMaxLenRight 
Midpoint age 
HumDeltoidMaxDiaRi 
ght 
HumMaxLenRight 
Midpoint age 
HumDeltoidMaxDiaRi 
ght 
HumMaxLenRight 
Midpoint age 

1.000 

.665 

.456 

.000 

.017 

22 

22 
22 

.665 

1.000 

-.067 

.000 

.383 

22 

22 
22 

.456 

-.067 
1.000 

.017 

.383 

22 

22 

22 

Model R R Square 
Adjusted 
R Square 

Std. Error of 
the Estimate 

1 .833(a) .694 .662 .96455 

a Predictors; (Constant), Midpoint age, Hum^/ axLenRight 
b Dependent Variable; HumDeltoidMaxDiaRight 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
40.074 2 20.037 21.537 .000(a) 

Residual 17.677 19 .930 
Total 57.751 21 

a Predictors: (Constant), Midpoint age, HumMaxLenRight 
b Dependent Variable; HumDeltoidMaxDiaRight 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) -1.215 .239 
HumMaxLe 
nRight 

.699 5.494 .000 .665 .783 .697 

Midpoint 
age 

.503 3.952 .001 .456 .672 .502 

a Dependent Variable; HumDeltoidMaxDiaRight 
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Table 6.54. Correlation and Regression: Maximum Diameter at the Deltoid for Females (Humerus) 

HumDeltoid 
MaxDiaRight 

HumMax 
LenRight 

Midpoint 
age 

Pearson Correlation 

Sig. (1-tailed) 

N 

HumDeltoidMaxDiaRi 
ght 
HumMaxLenRight 
Midpoint age 
HumDeltoidMaxDiaRi 
ght 
HumMaxLenRight 

Midpoint age 

HumDeltoidMaxDiaRi 
ght 
HumMaxLenRight 
Midpoint age 

1.000 

.433 

.229 

.003 

.080 

39 

39 
39 

.433 

1.000 

.097 

.003 

.279 

39 

39 
39 

.229 

.097 
1.000 

.080 

.279 

39 

39 
39 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .472(a) .223 .180 1.68110 

a Predictors; (Constant), Midpoint age, HumMaxLenRight 
b Dependent Variable: HumDeltoidMaxDiaRight 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
29.165 2 14.582 5.160 .011(a) 

Residual 101.739 36 2.826 
Total 130.904 38 

a Predictors: (Constant), Midpoint age, HumMaxLenRight 
b Dependent Variable: HumDeltoidMaxDiaRight 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) .409 .685 
HumMaxLe 
nRight 

.414 2.807 .008 .433 .424 .412 

Midpoint 
age 

.189 1.283 .208 .229 .209 .188 

a Dependent Variable: HumDeltoidMaxDiaRight 



Table 6.55. Correlation and Regression: Deltoid Robusticity 

HumDeltoidRob HumMax Midpoint Dummy 
ScoreRight LenRight age sex 

Pearson 
Correlation 

HumDeltoidRo 
bScoreRight 1.000 .184 .642 -.048 

HumMaxLenRi 
ght 
Midpoint age 

.184 1.000 .150 -.667 
HumMaxLenRi 
ght 
Midpoint age .642 .150 1.000 -.181 
Dummy sex -.048 -.667 -.181 1.000 

Sig. (1-tailed) HumDeltoidRo 
bScoreRight .078 .000 .356 

HumMaxLenRi 
ght 
Midpoint age 

.078 .124 .000 
HumMaxLenRi 
ght 
Midpoint age .000 .124 .082 
Dummy sex .356 .000 .082 

N HumDeltoidRo 
bScoreRight 61 61 61 61 

HumMaxLenRi 
ght 

61 61 61 61 

Midpoint age 61 61 61 61 
Dummy sex 61 61 61 61 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .670(a) .449 .420 .3600 

a Predictors: (Constant), Dummy sex, Midpoint age, HumMaxLenRight 
b Dependent Variable: HumDeltoidRobScoreRight 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
6.022 3 2.007 15.487 .000(a) 

Residual 7.388 57 .130 
Total 13.410 60 

a Predictors: (Constant), Dummy sex. Midpoint age, HumMaxLenRight 
b Dependent Variable: HumDeltoidRobScoreRight 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) .008 .994 
HumMaxLe 
nRight 

.239 1.810 .076 .184 .233 .178 

Midpoint 
age 

.648 6.475 .000 .642 .651 .637 

Dummy sex .228 1.719 .091 -.048 .222 .169 
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Table 6.56. Correlation and Regression: Common Flexor SI Diameter 

HumComFlexSI Midpoint Dummy HumMax 
DiaRight age sex LenRight 

Pearson HumComFlexSIDi 1.000 .419 -.711 .572 
Correlation aRight 

1.000 .419 -.711 .572 

Midpoint age .419 1.000 -.217 .106 
Dummy sex -.711 -.217 1.000 -.677 
HumMaxLenRight .572 .106 -.677 1.000 

Sig. (1-tailed) HumComFlexSIDi 
.001 .000 .000 

aRight 
.001 .000 .000 

Midpoint age .001 .054 .219 
Dummy sex .000 .054 .000 
HumMaxLenRight .000 .219 .000 

N HumComFlexSIDi 
56 56 56 56 

aRight 
56 56 56 

Midpoint age 56 56 56 56 
Dummy sex 56 56 56 56 
HumMaxLenRight 56 56 56 56 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .774(a) .599 .576 1.61290 

a Predictors; (Constant), HumMaxLenRight, Midpoint age. Dummy sex 
b Dependent Variable: HumComFlexSIDiaRight 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
201.944 3 67.315 25.876 .000(a) 

Residual 135.275 52 2.601 
Total 337.219 55 

a Predictors; (Constant), HumMaxLenRight, Midpoint age, Dummy sex 
b Dependent Variable; HumComFlexSIDiaRight 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) 2.144 .037 
Mean age .286 3.173 .003 .419 .403 .279 
Dummy sex -.521 -4.280 .000 -.711 -.510 -.376 
HumMaxLe 
nRight 

.189 1.583 .120 .572 .214 .139 

a Dependent Variable; HumComFlexSIDiaRight 
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Table 6.57. Correlation and Regression: Male Common Flexor SI Diameter 

Pearson Correlation 

Sig. (1-tailed) 

N 

HumComFlexSIDiaRi 
ght 
Midpoint age 
HumMaxLenRight 
HumComFlexSIDiaRi 
ght 
Midpoint age 
HumMaxLenRight 
HumComFlexSIDiaRi 
ght 
Midpoint age 
HumMaxLenRight 

HumComFle 
xSIDiaRight 

Midpoint 
age 

HumMax 
LenRight 

1.000 .148 .521 

.148 1.000 -.312 

.521 -.312 1.000 

.272 .011 

.272 .097 

.011 .097 

19 19 19 

19 19 19 
19 19 19 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .615(a) .379 .301 1.14890 

a Predictors: (Constant), HumMaxLenRight, Midpoint age 
b Dependent Variable: HumComFlexSIDiaRight 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
12.878 2 6.439 4.878 .022(a) 

Residual 21.120 16 1.320 
Total 33.998 18 

a Predictors: (Constant), HumMaxLenRight, Midpoint age 
b Dependent Variable: HumComFlexSIDiaRight 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) .217 .831 
Midpoint 
age 

.345 1.662 .116 .148 .384 .327 

HumMaxLe 
n Right 

.629 3.032 .008 .521 .604 .597 

a Dependent Variable: HumComFlexSIDiaRight 
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Table 6.58. Correlation and Regression: Female Common Flexor SI Diameter 

Pearson Correlation 

Sig. (l-tailed) 

N 

HumComFlexSIDiaRI 
ght 
Midpoint age 

HumMaxLenRight 

HumComFlexSIDIaRi 
ght 
Midpoint age 

HumMaxLenRight 

HumComFlexSIDiaRi 
ght 
Midpoint age 
HumMaxLenRight 

HumComFle 
xSIDiaRight 

Midpoint 
age 

HumMax 
Len Right 

1.000 .449 .037 

.449 1.000 .052 

.037 .052 1.000 

.003 .413 

.003 .380 

.413 .380 

37 37 37 

37 37 37 
37 37 37 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .449(a) .202 .155 1.76405 

a Predictors; (Constant), HumMaxLenRight, Midpoint age 
b Dependent Variable: HumComFlexSIDiaRight 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
26.786 2 13.393 4.304 .022(a) 

Residual 105.804 34 3.112 
Total 132.590 36 

a Predictors: (Constant), HumMaxLenRight, Midpoint age 
b Dependent Variable: HumComFlexSIDiaRight 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) 2.253 .031 
Midpoint 
age 

.449 2.924 .006 .449 .448 .448 

HumMaxLe 
nRight .014 .092 .927 .037 .016 .014 

a Dependent Variable: HumComFlexSIDiaRight 
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Table 6.59. Correlation and Regression: Pronator Teres Robusticity 

HumPronRobS Midpoint HumMaxLen Dummy 
coreRight age Right sex 

Pearson HumPronRobSco 
1.000 .287 -.175 .277 

Correlation reRight 
1.000 .287 -.175 .277 

Midpoint age .287 1.000 .154 -.186 
HumMaxLenRight -.175 .154 1.000 -.672 
Dummy sex .277 -.186 -.672 1.000 

Sig. (1-tailed) HumPronRobSco .012 .087 .015 
reRight 

.012 .087 .015 

Midpoint age .012 .116 .074 
HumMaxLenRight .087 .116 .000 
Dummy sex .015 .074 .000 

N HumPronRobSco 
62 62 62 62 

reRight 
62 62 62 62 

Midpoint age 62 62 62 62 
HumMaxLenRight 62 62 62 62 
Dummy sex 62 62 62 62 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .442(a) .195 .153 .5801 

a Predictors; (Constant), Dummy sex, Midpoint age, HumMaxLenRight 
b Dependent Variable: HumPronRobScoreRight 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
4.731 3 1.577 4.687 .005(a) 

Residual 19.515 58 .336 
Total 24.246 61 

a Predictors: (Constant), Dummy sex. Midpoint age, HumMaxLenRight 
b Dependent Variable: HumPronRobScoreRight 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) .889 .378 
Midpoint 
age 

.350 2.919 .005 .287 .358 .344 

HumMaxLe 
nRight 

.002 .012 .990 -.175 .002 .001 

Dummy sex .343 2.142 .036 .277 .271 .252 
a Dependent Variable: HumPronRobScoreRight 
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Table 6.60. Correlation and Regression: Male Pronator Teres Robusticity 

Pearson Correlation 

Sig. (1-tailed) 

N 

HumPronRobScoreRi 
ght 
Midpoint age 
HumMaxLenRight 
HumPronRobScoreRi 
ght 
Midpoint age 
HumMaxLenRight 
HumPronRobScoreRi 
ght 
Midpoint age 
HumMaxLenRight 

HumPronRo 
bScoreRight 

Midpoint 
age 

HumMax 
LenRight 

1.000 .653 .210 

.653 1.000 -.067 

.210 -.067 1.000 

.000 .168 

.000 .380 

.168 .380 

23 23 23 

23 23 23 
23 23 23 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .701(a) .491 .441 .5948 

a Predictors: (Constant), HumMaxLenRight, Midpoint age 
b Dependent Variable; HumPronRobScoreRight 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
6.836 2 3.418 9.661 .001(a) 

Residual 7.077 20 .354 
Total 13.913 22 

a Predictors: (Constant), HumMaxLenRight, Midpoint age 
b Dependent Variable: HumPronRobScoreRight 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) -1.464 .159 
Midpoint 
age .670 4.194 .000 .653 .684 .669 

HumMaxLe 
nRight 

.255 1.596 .126 .210 .336 .254 

a Dependent Variable: HumPronRobScoreRight 



261 

Table 6.61. Correlation and Regression: Female Pronator Teres Robusticity 

Pearson Correlation 

Sig. (1-tailed) 

N 

HumPronRobScoreRi 
ght 
Midpoint age 
HumMaxLenRight 
HumPronRobScoreRi 
ght 
Midpoint age 
HumMaxLenRight 
HumPronRobScoreRi 
ght 
Midpoint age 
HumMaxLenRight 

HumPronRo 
bScoreRight 

Midpoint 
age 

HumMax 
LenRlght 

1.000 .179 -.199 

.179 1.000 .097 

-.199 .097 1.000 

.138 .112 

.138 .279 

.112 .279 

39 39 39 

39 39 39 
39 39 39 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .281(a) .079 .028 .4656 

a Predictors: (Constant), HumMaxLenRight, Midpoint age 
b Dependent Variable: HumPronRobScoreRight 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
.671 2 .336 1.548 .226(a) 

Residual 7.803 36 .217 
Total 8.474 38 

a Predictors: (Constant), HumMaxLenRight, Midpoint age 
b Dependent Variable: HumPronRobScoreRight 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) 2.771 .009 
Midpoint 
age 

.200 1.245 .221 .179 .203 .199 

HumMaxLe 
nRight 

-.218 -1.358 .183 -.199 -.221 -.217 

a Dependent Variable: HumPronRobScoreRight 



Table 6.62. Correlation and Regression: Brachioradialis Robusticity 

HumBrachioR Midpoint HumMax Dummy 
obScoreRight age LenRight sex 

Pearson 
Correlation 

HumBrachioRobS 
coreRight 1.000 .320 -.187 .287 

Midpoint age .320 1.000 .154 -.186 
HumMaxLenRight -.187 .154 1.000 -.672 
Dummy sex .287 -.186 -.672 1.000 

Sig. (1-tailed) HumBrachioRobS 
coreRight .006 .073 .012 

Midpoint age .006 .116 .074 
HumMaxLenRight .073 .116 .000 
Dummy sex .012 .074 .000 

N HumBrachioRobS 
coreRight 62 62 62 62 

Midpoint age 62 62 62 62 
HumMaxLenRight 62 62 62 62 
Dummy sex 62 62 62 62 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .476(a) .226 .186 .5520 

a Predictors: (Constant), Dummy sex. Midpoint age, HumMaxLenRight 
b Dependent Variable: HumBrachioRobScoreRight 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
5.172 3 1.724 5.659 .002(a) 

Residual 17.670 58 .305 
Total 22.843 61 

a Predictors: (Constant), Dummy sex. Midpoint age, HumMaxLenRight 
b Dependent Variable: HumBrachioRobScoreRight 

Standardized 
Coefficients T Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) .895 .374 
Midpoint 
age 

.386 3.286 .002 .320 .396 .379 

HumMaxLe 
n Right 

-.009 -.057 .955 -.187 -.008 -.007 

Dummy sex .353 2.246 .029 .287 .283 .259 
a Dependent Variable: HumBrachioRobScoreRight 
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Table 6.63. Correlation and Regression: Male Brachioradialis Robusticity 

HumBrachioR Midpoint HumMax 
obScoreRight age LenRight 

Pearson 
Correlation 

HumBrachioRobS 
coreRight 1.000 .678 .038 

Midpoint age .678 1.000 -.067 
HumMaxLenRight .038 -.067 1.000 

Sig. (1-tailed) HumBrachioRobS 
coreRight .000 .432 

Midpoint age .000 .380 
HumMaxLenRight .432 .380 

N HumBrachioRobS 
coreRight 23 23 23 

Midpoint age 23 23 23 
HumMaxLenRight 23 23 23 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .683(a) .467 .413 .6264 

a Predictors: (Constant), HumMaxLenRight, Midpoint age 
b Dependent Variable: HumBrachioRobScoreRight 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
6.870 2 3.435 8.753 .002(a) 

Residual 7.848 20 .392 
Total 14.717 22 

a Predictors: (Constant), HumMaxLenRight, Midpoint age 
b Dependent Variable: HumBrachioRobScoreRight 

Standardized 
Coefficients t Siq. Correlations 

Beta Zero-order Partial Part 
(Constant) -.492 .628 
Midpoint 
age 

.684 4.178 .000 .678 .683 .682 

HumMaxLe 
nRight 

.084 .512 .614 .038 .114 .084 

a Dependent Variable: HumBrachioRobScoreRight 
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Table 6.64. Correlation and Regression: Female Brachioradialis Robusticity 

HumBrachioR Midpoint HumMax 
obScoreRight age LenRight 

Pearson 
Correlation 

HumBrachioRobS 
coreRight 1.000 .225 -.028 

Midpoint age .225 1.000 .097 
HumMaxLenRight -.028 .097 1.000 

Sig. (1-tailed) HumBrachioRobS 
coreRight .085 .432 

Midpoint age .085 .279 
HumMaxLenRight .432 .279 

N HumBrachioRobS 
coreRight 39 39 39 

Midpoint age 39 39 39 
HumMaxLenRight 39 39 39 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .230(a) .053 .000 .4053 

a Predictors: (Constant), HumMaxLenRight, Midpoint age 
b Dependent Variable; HumBrachioRobScoreRight 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
.330 2 .165 1.006 .376(a) 

Residual 5.913 36 .164 
Total 6.244 38 

a Predictors: (Constant), HumMaxLenRight, Midpoint age 
b Dependent Variable: HumBrachioRobScoreRight 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) 1.844 .073 
Midpoint 
age 

.229 1.408 .168 .225 .228 .228 

HumMaxLe 
n Right -.050 -.310 .758 -.028 -.052 -.050 

a Dependent Variable: HumBrachioRobScoreRight 
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Table 6.65. Correlation and Regression: Coracobrachialis Robusticity 

HumCora 
coBrRob Midpoint HumMax 
ScoreLeft age Dummy sex LenLeft 

Pearson 
Correlation 

HumCoracoBrRo 
bScoreLeft 1.000 .316 .275 -.147 

Midpoint age .316 1.000 -.099 .096 
Dummy sex .275 -.099 1.000 -.713 
HumMaxLenLeft -.147 .096 -.713 1.000 

Sig. (1-tailed) HumCoracoBrRo 
bScoreLeft .006 .015 .125 

Midpoint age .006 .221 .228 
Dummy sex .015 .221 .000 
HumMaxLenLeft .125 .228 .000 

N HumCoracoBrRo 
bScoreLeft 63 63 63 63 

Midpoint age 63 63 63 63 
Dummy sex 63 63 63 63 
HumMaxLenLeft 63 63 63 63 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .445(a) .198 .157 .7196 

a Predictors: (Constant), HumMaxLenLeft, Midpoint age, Dummy sex 
b Dependent Variable: HumCoracoBrRobScoreLeft 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
7.525 3 2.508 4.844 .004(a) 

Residual 30.554 59 .518 
Total 38.079 62 

a Predictors: (Constant), HumMaxLenLeft, Midpoint age, Dummy sex 
b Dependent Variable: HumCoracoBrRobScoreLeft 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) -.024 .981 
Midpoint 
age 

.345 2.938 .005 .316 .357 .343 

Dummy 
sex 

.367 2.201 .032 .275 .276 .257 

HumMaxLe 
nLeft 

.081 .489 .626 -.147 .064 .057 

a Dependent Variable: HumCoracoBrRobScoreLeft 



Table 6.66. Correlation and Regression: Teres Major Robusticity 

HumTeres 
RobScoreL 

eft 
Midpoint 

age Dummy sex 
HumMax 
LenLeft 

Pearson HumTeresRobS 
Correlation coreLeft 

Midpoint age 
Dummy sex 
HumMaxLenLef 
t 

Sig. (1-tailed) HumTeresRobS 
coreLeft 
Midpoint age 
Dummy sex 
HumMaxLenLef 
t 

N HumTeresRobS 
coreLeft 
Midpoint age 
Dummy sex 
HumMaxLenLef 
t 

1.000 

.287 

.309 

-.178 

.013 

.008 

.085 

61 

61 
61 

61 

.287 

1.000 
-.154 

.140 

.013 

.118 

.141 

61 

61 
61 

61 

.309 

-.154 
1.000 

-.706 

.008 

.118 

.000 

61 

61 
61 

61 

-.178 

.140 
-.706 

1.000 

.085 

.141 

.000 

61 

61 

61 

61 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .459(a) .211 .170 .4839 

a Predictors; (Constant), HumMaxLenLeft, Midpoint age. Dummy sex 
b Dependent Variable: HumTeresRobScoreLeft 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
3.571 3 1.190 5.084 .003(a) 

Residual 13.347 57 .234 
Total 16.918 60 

a Predictors; (Constant), HumMaxLenLeft, Midpoint age. Dummy sex 
b Dependent Variable; HumTeresRobScoreLeft 



Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) .756 .453 
Midpoint 
age 

.340 2.854 .006 .287 .354 .336 

Dummy 
sex 

.402 2.410 .019 .309 .304 .284 

HumMaxLe 
nLeft 

.058 .349 .728 -.178 .046 .041 

a Dependent Variable; HumTeresRobScoreLeft 

Table 6.67. Correlation: Radius AP Diameter Symmetry and Sex 

Radius AP 
Diameter 
Symmetry 

Root Dummy sex 
Pearson Correlation Radius AP Diameter 

Symmetry Root 1.000 -.173 

Dummy sex -.173 1.000 
Sig. (1-tailed) Radius AP Diameter 

Symmetry Root 
Dummy sex .038 

.038 

N Radius AP Diameter 
107 107 Symmetry Root 107 107 

Dummy sex 107 107 

Table 6.68. One-Way Analysis of Variance: Difference between Males and Females in Radius 
Biceps Robusticity Symmetry 

Radius Biceps Robusticity Symmetry Root 

Sum of Mean 
Squares df Square F Sig. 

Between 
Groups 
Within Groups 

.539 

2.715 

1 

63 

.539 

.043 

12.511 .001 

Total 3.254 64 



Table 6.69. Correlation and Regression: Radius Biceps Robusticity Symmetry 

Radius 
Biceps 

Robusticity 
Symmetry 

Root 
Midpoint 

age Dummy sex 
Pearson Radius Biceps 
Correlation Robusticity 1.000 -.110 -.407 

Symmetry Root 
Midpoint age -.110 1.000 -.038 
Dummy sex -.407 -.038 1.000 

Sig. (1-tailed) Radius Biceps 
Robusticity .191 .000 
Symmetry Root 
Midpoint age .191 .383 
Dummy sex .000 .383 

N Radius Biceps 
Robusticity 65 65 65 
Symmetry Root 
Midpoint age 65 65 65 
Dummy sex 65 65 65 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .426(a) .182 .155 .20726 

a Predictors: (Constant), Dummy sex, Midpoint age 
b Dependent Variable: Radius Biceps Robusticity Symmetry Root 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
.591 2 .295 6.874 .002(a) 

Residual 2.663 62 .043 
Total 3.254 64 

a Predictors: (Constant), Dummy sex, Midpoint age 
b Dependent Variable: Radius Biceps Robusticity Symmetry Root 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constan 
t) 

3.730 .000 

Midpoint 
age 

-.126 -1.095 .278 -.110 -.138 -.126 

Dummy 
sex 

-.412 -3.581 .001 -.407 -.414 -.412 

a Dependent Variable: Radius Biceps Robusticity Symmetry Root 
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Table 6.70. One-Way Analysis of Variance: Difference between Males and Females in Pronator 
Teres Width Symmetry 

Radius Pronator Teres Width Symmetry Root 

Sum of 
Squares df 

Mean 
Square F Sig. 

Between 
Groups 
Within Groups 

Total 

3.254 

33.943 
37.197 

1 

61 
62 

3.254 

.556 

5.848 .019 

Table 6.71. Correlation and Regression: Radius Pronator Teres Width Symmetry 

Radius 
Pronator 

Teres Width 
Symmetry 

Root 
Midpoint 

age Dummy sex 
Pearson Correlation Radius Pronator 

Teres Width 1.000 .120 -.296 
Symmetry Root 
Midpoint age .120 1.000 -.086 
Dummy sex -.296 -.086 1.000 

Sig. (1-tailed) Radius Pronator 
Teres Width .174 .009 
Symmetry Root 
Midpoint age .174 .251 
Dummy sex .009 .251 

N Radius Pronator 
Teres Width 63 63 63 
Symmetry Root 
Midpoint age 63 63 63 
Dummy sex 63 63 63 

Table 6.72. One-Way Analysis of Variance: Difference between Males and Females in Pronator 
Teres Robusticity Symmetry 

Sum of Mean 
Squares df Square F Sig. 

Between 
Groups 
Within Groups 

.894 

3.198 

1 

69 

.894 

.046 

19.283 .000 

Total 4.092 70 



Table 6.73. Correlation and Regression: Radius Pronator Teres Symmetry 

Radius 
Pronator 

Teres 
Robusticity 
Symmetry 

Root 
Midpoint 

age Dummy sex 
Pearson Radius Pronator 
Correlation Teres Robusticity 1.000 .067 -.467 

Symmetry Root 
Mean age .067 1.000 -.068 
Dummy sex -.467 -.068 1.000 

Sig. (1-tailed) Radius Pronator 
Teres Robusticity .290 .000 
Symmetry Root 
Midpoint age .290 .287 
Dummy sex .000 .287 

N Radius Pronator 
Teres Robusticity 71 71 71 
Symmetry Root 
Midpoint age 71 71 71 
Dummy sex 71 71 71 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .469(a) .220 .197 .21669 

a Predictors; (Constant), Dummy sex, Midpoint age 
b Dependent Variable: Radius Pronator Teres Robusticity Symmetry Root 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
.899 2 .449 9.570 .000(a) 

Residual 3.193 68 .047 
Total 4.092 70 

a Predictors: (Constant), Dummy sex. Midpoint age 
b Dependent Variable: Radius Pronator Teres Robusticity Symmetry Root 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constan 
t) 

2.662 .010 

Midpoint 
age 

.035 .327 .745 .067 .040 .035 

Dummy 
sex 

-.465 -4.330 .000 -.467 -.465 -.464 
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Table 6.74. Correlation and Regression: Radius Robusticity in Anterior-Posterior Diameter 

RadAPDIaMI Dummy RadMaxL Midpoint 
dShaftLeft sex en Left age 

Pearson RadAPDiaMidSha 
1.000 -.602 .615 .030 

Correlation ftLeft 
1.000 -.602 .615 .030 

Dummy sex -.602 1.000 -.775 .064 
RadMaxLenLeft .615 -.775 1.000 -.098 
Midpoint age .030 .084 -.098 1.000 

Sig. (1-tailed) RadAPDiaMidSha 
ftLeft 

.000 .000 .385 

Dummy sex .000 .000 .209 
RadMaxLenLeft .000 .000 .171 
Midpoint age .385 .209 .171 

N RadAPDiaMidSha 
ftLeft 

96 96 96 96 

Dummy sex 96 96 96 96 
RadMaxLenLeft 96 96 96 96 
Mean age 96 96 96 96 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .653(a) .426 .408 .79726 

a Predictors; (Constant), Midpoint age, Dummy sex, RadMaxLenLeft 
b Dependent Variable: RadAPDiaMidShaftLeft 

Model 
Sum of 
Squares df 

Mean 
Square F Sig. 

1 Regressi 
on 

43.483 3 14.494 22.803 .000(a) 

Residual 58.477 92 .636 
Total 101.960 95 

a Predictors: (Constant), Midpoint age. Dummy sex, RadMaxLenLeft 
b Dependent Variable: RadAPDiaMidShaftLeft 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) 2.392 .019 
Dummy 
sex 

-.315 -2.525 .013 -.602 -.255 -.199 

RadMaxLe 
nLeft 

.380 3.041 .003 .615 .302 .240 

Midpoint 
age 

.094 1.182 .240 .030 .122 .093 

a Dependent Variable: RadAPDiaMidShaftLeft 
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Table 6.75. Correlation and Regression: Radius Biceps Maximum Diameter 

RadBicepsMa 
xDiaRight Dummy sex 

Midpoint 
age 

RadMaxLe 
nRight 

Pearson RadBicepsMax 
Correlation DiaRight 

Dummy sex 
Mean age 
RadMaxLenRig 
ht 

Sig. (1-tailed) RadBicepsMax 
DiaRight 
Dummy sex 
Midpoint age 
RadMaxLenRig 
ht 

N RadBicepsMax 
DiaRight 
Dummy sex 
Midpoint age 
RadMaxLenRig 
ht 

1.000 

-.429 
.353 

.585 

.000 

.003 

.000 

61 

61 
61 

61 

-.429 

1.000 
-.076 

-.781 

.000 

.279 

.000 

61 

61 
61 

61 

.353 

-.076 
1.000 

.037 

.003 

.279 

.389 

61 

61 
61 

61 

.585 

-.781 
.037 

1.000 

.000 

.000 

.389 

61 

61 
61 

61 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .676(a) .456 .428 .94511 

a Predictors: (Constant), RadMaxLenRight, IV 
b Dependent Variable; RadBicepsMaxDiaRigh 

idpoint age, Dummy sex 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
42.743 3 14.248 15.951 .000(a) 

Residual 50.915 57 .893 
Total 93.658 60 

a Predictors: (Constant), RadMaxLenRight, Midpoint age. Dummy sex 
b Dependent Variable: RadBicepsMaxDiaRight 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) .562 .576 
Dummy sex .113 .717 .476 -.429 .095 .070 
Midpoint 
age 

.337 3.438 .001 .353 .414 .336 

RadMaxLe 
nRight 

.660 4.217 .000 .585 .488 .412 

a Dependent Variable: RadBicepsMaxDiaRight 
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Table 6.76. Regression: Young/Sub Adult (16-35) Radius Biceps Maximum Diameter (Robusticity) 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .713(a) .508 .449 .81769 

a Predictors: (Constant), RadMaxLenRight, M idpoint age. Dummy sex 
b Dependent Variable; RadBicepsMaxDiaRight 

Model 
Sum of 
Squares df 

Mean 
Square F Sig. 

1 Regressi 
on 
Residual 
Total 

17.290 

16.715 
34.006 

3 

25 
28 

5.763 

.669 

8.620 .000(a) 

a Predictors: (Constan ), RadMaxLenRight, Mid point age. Dummy sex 
b Dependent Variable: RadBicepsMaxDiaRight 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) -1.035 .311 
Dummy sex .656 2.602 .015 -.278 .462 .365 
Midpoint 
age 

.397 2.736 .011 .315 .480 .384 

RadMaxLe 
n Right 

1.059 4.264 .000 .534 .649 .598 

a Dependent Variable: RadBicepsMaxDiaRight 

Table 6.77. Regression: Middle/Old Adult (35-5(H-) Radius Biceps Maximum Diameter (Robusticity) 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .740(a) .548 .500 .91711 

a Predictors: (Constant), RadMaxLenRight, Midpoint age. Dummy sex 
b Dependent Variable: RadBicepsMaxDiaRight 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
28.578 3 9.526 11.326 .000(a) 

Residual 23.551 28 .841 
Total 52.129 31 

a Predictors: (Constant), RadMaxLenRight, Mid 
b Dependent Variable: RadBicepsMaxDiaRight 

point age, Dummy sex 
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Standardized 
Coefficients 

t Sig. Correlations 

Beta Zero-
order 

Partial Part 

(Constant) -.310 .759 

Dummy 
sex 

-.166 -.867 .393 -.514 -.162 -.110 

Midpoint 
age 

.406 3.033 .005 .172 .497 .385 

RadMaxLe 
nRight 

.626 3.261 .003 .629 .525 .414 

a Dependent Variable; RadBicepsMaxDiaRight 

Table 6.78. Correlation and Regression: Radius Biceps Robusticity Score 

RadMa 
RadBicepsRo Dummy Midpoint xLenRi 
bScoreRight sex age ght 

Pearson 
Correlation 

RadBicepsRobSc 
oreRight 1.000 .108 .477 .041 

Dummy sex .108 1.000 -.083 -.784 
Midpoint age .477 -.083 1.000 .046 
RadMaxLenRight .041 -.784 .046 1.000 

Sig. (1-tailed) RadBicepsRobSc 
oreRight .202 .000 .375 

Dummy sex .202 .260 .000 
Midpoint age .000 .260 .362 
RadMaxLenRight .375 .000 .362 

N RadBicepsRobSc 
oreRight 62 62 62 62 

Dummy sex 62 62 62 62 
Midpoint age 62 62 62 62 
RadMaxLenRight 62 62 62 62 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .545(a) .297 .261 .3686 

a Predictors: (Constant), RadMaxLenRight, Midpoint age, Dummy sex 
b Dependent Variable; RadBicepsRobScoreRight 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
3.333 3 1.111 8.176 .000(a) 

Residual 7.881 58 .136 
Total 11.214 61 

a Predictors; (Constant), RadMaxLenRight, Mid point age, Dummy sex 
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b Dependent Variable: RadBicepsRobScoreRight 

Standardized 
Coefficients 

t Sig. Correlations 

Beta Zero-
order 

Partial Part 

(Constant) .004 .997 

Dummy 
sex 

.425 2.388 .020 .108 .299 .263 

Midpoint 
age 

.496 4.492 .000 .477 .508 .494 

RadMaxLe 
nRight 

.351 1.981 .052 .041 .252 .218 

a Dependent Variable: RadBicepsRobScoreRight 

Table 6.79. Correlation and Regression: Radius Pronator Teres Robusticity 

RadPTRobSc Dummy Midpoint RadMaxL 
oreRight sex age enRight 

Pearson 
Correlation 

RadPTRobScore 
Right 

1.000 .253 .658 -.185 

Dummy sex .253 1.000 -.111 -.782 
Midpoint age .658 -.111 1.000 .056 
RadMaxLenRight -.185 -.782 .056 1.000 

Sig. (1-tailed) RadPTRobScore 
Right 

.023 .000 .073 

Dummy sex .023 .192 .000 
Midpoint age .000 .192 .331 
RadMaxLenRight .073 .000 .331 

N RadPTRobScore 
63 63 63 63 

Right 
63 

Dummy sex 63 63 63 63 
Midpoint age 63 63 63 63 
RadMaxLenRight 63 63 63 63 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .738(a) .544 .521 .4189 

a Predictors: (Constant), RadMaxLenRight, Midpoint age, Dummy sex 
b Dependent Variable; RadPTRobScoreRight 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
12.363 3 4.121 23.488 .000(a) 

Residual 10.351 59 .175 
Total 22.714 62 

a Predictors: (Constant), RadMaxLenRight, Midpoint age. Dummy sex 



b Dependent Variable; RadPTRobScoreRight 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) .209 .835 
Dummy sex .401 2.826 .006 .253 .345 .248 
Midpoint 
age 

.698 7.881 .000 .658 .716 .693 

RadMaxLe 
nRight 

.090 .634 .528 -.185 .082 .056 

a Dependent Variable: RadPTRobScoreRight 

Table 6.80. Correlation and Regression: Ulna Medial-Lateral Symmetry 

Ulna ML 
Diameter 
Symmetry Midpoint 

Root age Dummy sex 
Pearson Ulna ML Diameter 

1.000 .207 -.181 Correlation Symmetry Root 1.000 .207 -.181 

Midpoint age .207 1.000 .018 
Dummy sex -.181 .018 1.000 

Sig. (1-tailed) Ulna ML Diameter 
.012 .025 Symmetry Root .012 .025 

Midpoint age .012 .424 
Dummy sex .025 .424 

N Ulna ML Diameter 
117 117 117 Symmetry Root 117 117 117 

Midpoint age 117 117 117 
Dummy sex 117 117 117 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .278(a) .077 .061 .39911 

a Predictors: (Constant), Dummy sex, Midpoint age 
b Dependent Variable: Ulna ML Diameter Symmetry Root 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
1.518 2 .759 4.764 .010(a) 

Residual 18.159 114 .159 
Total 19.677 116 

a Predictors: (Constant), Dummy sex, Midpoint age 
b Dependent Variable: Ulna ML Diameter Symmetry Root 
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Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constan 
t) 

2.421 .017 

Midpoint 
age 

.211 2.341 .021 .207 .214 .211 

Dummy 
sex 

-.185 -2.054 .042 -.181 -.189 -.185 

a Dependent Variable; Ulna ML Diameter Symmetry Root 

Table 6.81. Correlation and Regression: Male Ulna Medial-Lateral Diameter Symmetry 

Ulna ML 
Diameter 
Symmetry 

Root Mean age 
Pearson Ulna ML Diameter 

1.000 .045 Correlation Symmetry Root 1.000 .045 

Midpoint age .045 1.000 
Sig. (1-tailed) Ulna ML Diameter 

.381 Symmetry Root .381 

Midpoint age .381 
N Ulna ML Diameter 

47 47 Symmetry Root 47 47 

Midpoint age 47 47 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .045(a) .002 -.020 .39566 

a Predictors: (Constant), Midpoint age 
b Dependent Variable; Ulna ML Diameter Symmetry Root 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
.015 1 .015 .093 .762(a) 

Residual 7.045 45 .157 
Total 7.059 46 

a Predictors; (Constant), Midpoint age 
b Dependent Variable; Ulna ML Diameter Symmetry Root 
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Table 6.82. Correlation and Regression: Female Ulna Medial-Lateral Diameter Symmetry 

Ulna ML 
Diameter 
Symmetry Midpoint 

Root age 
Pearson Ulna ML Diameter 

1.000 .300 Correlation Symmetry Root 1.000 .300 

Midpoint age .300 1.000 
Sig. (1-tailed) Ulna ML Diameter 

.006 Symmetry Root .006 

Midpoint age .006 
N Ulna ML Diameter 

70 70 Symmetry Root 70 70 

Midpoint age 70 70 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .300(a) .090 .076 .40032 

a Predictors: (Constant), Midpoint age 
b Dependent Variable; Ulna ML Diameter Symmetry Root 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
1.075 1 1.075 6.711 .012(a) 

Residual 10.897 68 .160 
Total 11.973 69 

a Predictors: (Constant), Midpoint age 
b Dependent Variable: Ulna ML Diameter Symmetry Root 

Table 6.83. One-Way ANOVA: Difference between Young/Sub Adult Females and Middle/Old Adult 
Females in Ulna Medial-Lateral Diameter Symmetry 

Ulna ML Diameter Symmetry Root 

Sum of 
Squares df 

Mean 
Square F Sig. 

Between 
Groups 
Within Groups 
Total 

.929 

11.044 
11.973 

1 

68 
69 

.929 

.162 

5.720 .020 



Table 6.84. One-Way ANOVA: Difference between Males and Females in Ulna Brachialis 
Robusticity Symmetry 

Ulna Brachialis Robusticity Symmetry Root 

Sum of Mean 
Squares df Square F Sig. 

Between 
Groups 
Within Groups 

.545 

3.873 

1 

65 

.545 

.060 

9.138 .004 

Total 4.418 66 

Table 6. 85. Correlation and Regression; Ulna Brachialis Robusticity Symmetry 

Ulna 
Brachialis 
Robusticity 
Symmetry 

Root 
Midpoint 

age Dummy sex 
Pearson Ulna Brachialis 
Correlation Robusticity 1.000 .202 -.351 

Symmetry Root 

Midpoint age .202 1.000 -.107 
Dummy sex -.351 -.107 1.000 

Sig. (1-tailed) Ulna Brachialis 
Robusticity .051 .002 
Symmetry Root 
Midpoint age .051 .194 
Dummy sex .002 .194 

N Ulna Brachialis 
Robusticity 67 67 67 
Symmetry Root 

Midpoint age 67 67 67 
Dummy sex 67 67 67 

Model R R Square 
Adjusted 
R Square 

Std. Error of 
the Estimate 

1 .388(a) .151 .124 .24216 

a Predictors: (Constant), Dummy sex, Midpoint age 
b Dependent Variable: Ulna Brachialis Robusticity Symmetry Root 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
.665 2 .332 5.670 .005(a) 

Residual 3.753 64 .059 
Total 4.418 66 

a Predictors: (Constant), Dummy sex, Midpoint age 
b Dependent Variable: Ulna Brachialis Robusticity Symmetry Root 



Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constan 
t) 

1.494 .140 

Midpoint 
age 

.166 1.433 .157 .202 .176 .165 

Dummy 
sex 

-.333 -2.876 .005 -.351 -.338 -.331 

a Dependent Variable: Ulna Brachialis Robusticity Symmetry Root 

Table 6.86. One-Way ANOVA: Difference in Ulna Pronator Quadratus Robusticity Symmetry 

Ulna Pronator Quadratus Robusticity Symmetry Root 

Sum of Mean 
Squares df Square F Sig. 

Between 
Groups 
Within Groups 

.330 

4.916 

1 

64 

.330 

.077 

4.300 .042 

Total 5.246 65 

Table 6.87. Correlation and Regression: Ulna Pronator Quadratus Symmetry 

Ulna Pronator 
Quadratus 
Robusticity 
Symmetry Midpoint 

Root age Dummy sex 
Pearson Correlation Ulna Pronator 

Quadratus 
Robusticity 

1.000 .222 -.251 

Symmetry Root 
Midpoint age .222 1.000 -.072 
Dummy sex -.251 -.072 1.000 

Sig. (1-tailed) Ulna Pronator 
Quadratus 
Robusticity 

.036 .021 

Symmetry Root 
Midpoint age .036 .283 
Dummy sex .021 .283 

N Ulna Pronator 
Quadratus 
Robusticity 

66 66 66 

Symmetry Root 
Midpoint age 66 66 66 
Dummy sex 66 66 66 
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Model R R Square 
Adjusted 
R Square 

Std. Error of 
the Estimate 

1 .324(a) .105 .076 .27303 

a Predictors: (Constant), Dummy sex, Midpoint age 
b Dependent Variable: Ulna Pronator Quadratus Robusticity Symmetry Root 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
.550 2 .275 3.689 .031(a) 

Residual 4.696 63 .075 
Total 5.246 65 

a Predictors: (Constant), Dummy sex. Midpoint age 
b Dependent Variable: Ulna Pronator Quadratus Robusticity Symmetry Root 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constan 
t) 

.553 .583 

Midpoint 
age 

.205 1.717 .091 .222 .211 .205 

Dummy 
sex 

-.236 -1.976 .053 -.251 -.242 -.235 

a Dependent Variable: Ulna Pronator Quadratus Robusticity Symmetry Root 

Table 6.88. Regression: Male Ulna Pronator Quadratus Robusticity Symmetry 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .057(a) .003 -.037 .32720 

a Predictors: (Constant), Midpoint age 
b Dependent Variable: Ulna Pronator Quadratus Robusticity Symmetry Root 

Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
.009 1 .009 .082 .778(a) 

Residual 2.676 25 .107 
Total 2.685 26 

a Predictors: (Constant), Midpoint age 
b Dependent Variable: Ulna Pronator Quadratus Robusticity Symmetry Root 
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Table 6.89. Regression: Female Ulna Pronator Quadratus Robusticity Symmetry 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .423(a) .179 .157 .22249 

a Predictors: (Constant), Midpoint age 
b Dependent Variable: Ulna Pronator Quadratus Robusticity Symmetry Root 

Sum of Mean 
Model Squares Df Square F Sig. 
1 Regressi 

on 
.399 1 .399 8.064 .007(a) 

Residual 1.832 37 .050 
Total 2.231 38 

a Predictors: (Constant), Midpoint age 
b Dependent Variable: Ulna Pronator Quadratus Robusticity Symmetry Root 

Table 6.90. Correlation and Regression: Ulna Robusticity in Medial-Lateral Shaft Diameter 

UlnaMLDI UlnaMax Dummy Midpoint 
aRight LenRight sex age 

Pearson 
Correlation 

UlnaMLDiaRight 
1.000 .605 -.585 .144 

UlnaMaxLenRight .605 1.000 -.714 -.012 
Dummy sex -.585 -.714 1.000 .083 
Midpoint age .144 -.012 .083 1.000 

Sig. (1-tailed) UlnaMLDiaRight .000 .000 .106 
UlnaMaxLenRight .000 .000 .458 
Dummy sex .000 .000 .236 
Midpoint age ,106 .458 .236 

N UlnaMLDiaRight 77 77 77 77 
UlnaMaxLenRight 77 77 77 77 
Dummy sex 77 77 77 77 
Midpoint age 77 77 77 77 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .667(a) .444 .422 1.04831 

a Predictors: (Constant), Midpoint age, UlnaMaxLenRight, Dummy sex 
b Dependent Variable: UlnaMLDiaRight 
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Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
64.172 3 21.391 19.465 .000(a) 

Residual 80.223 73 1.099 
Total 144.395 76 

a Predictors: (Constant), Midpoint age, UlnaMaxLenRight, Dummy sex 
b Dependent Variable: UlnaMLDiaRight 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) 2.051 .044 
UlnaMaxLe 
nRight 

.364 2.910 .005 .605 .322 .254 

Dummy sex -.340 -2.713 .008 -.585 -.303 -.237 
Midpoint 
age 

.177 2.014 .048 .144 .229 .176 

a Dependent Variable: UlnaMLDiaRight 

Table 6.91. Correlation and Regression: Female Ulna Robusticity in Medial-Lateral Shaft Diameter 

UlnaMLDi 
aRight 

UlnaMax 
LenRight 

Midpoint 
age 

Pearson UlnaMLDiaRight 1.000 .338 .308 
Correlation UlnaMaxLenRight .338 1.000 .094 

Midpoint age .308 .094 1.000 
Sig. (1-tailed) UlnaMLDiaRight .012 .021 

UlnaMaxLenRight .012 .272 
Midpoint age .021 .272 

N UlnaMLDiaRight 44 44 44 
UlnaMaxLenRight 44 44 44 
Midpoint age 44 44 44 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .438(a) .191 .152 .92858 

a Predictors: (Constant), Midpoint age, UlnaMaxLenRight 
b Dependent Variable: UlnaMLDiaRight 
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Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
8.373 2 4.187 4.855 .013(a) 

Residual 35.353 41 .862 
Total 43.726 43 

a Predictors; (Constant), Midpoint age, UlnaMaxLenRight 
b Dependent Variable; UlnaMLDiaRight 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) 1.970 .056 

UlnaMaxLe 
n Right 

.312 2.214 .032 .338 .327 .311 

Midpoint 
age 

.279 1.975 .055 .308 .295 .277 

a Dependent Variable; UlnaMI 

Table 6.92. Correlation and Reg 

.DiaRight 

ression: Ulna Minimum Circumference 

UlnaMinC 
ircRight 

UlnaMax 
LenRight 

Midpoint 
age Dummy sex 

Pearson UlnaMinCircRight 
Correlation UlnaMaxLenRight 

Midpoint age 
Dummy sex 

Sig. (1-tailed) UlnaMinCircRight 
UlnaMaxLenRight 
Midpoint age 
Dummy sex 

N UlnaMinCircRight 
UlnaMaxLenRight 
Midpoint age 
Dummy sex 

1.000 

.582 

.206 

-.560 

.000 

.037 

.000 

76 

76 

76 

76 

.582 

1.000 

-.008 

-.726 

.000 

.472 

.000 

76 

76 

76 

76 

.206 

-.008 

1.000 

.046 

.037 

.472 

.345 

76 

76 

76 

76 

-.560 

-.726 

.046 

1.000 

.000 

.000 

.345 

76 

76 

76 

76 

— — — 1  
Adjusted Std. Error of 

Model R R Square R Square the Estimate 
1 .655(a) .429 .405 2.52316 

a Predictors: (Constant), Dummy sex, Midpoint age, UlnaMaxLenRight 
b Dependent Variable; UlnaMinCircRight 
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Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
343.952 3 114.651 18.009 .000(a) 

Residual 458.375 72 6.366 
Total 802.327 75 

a Predictors; (Constant), Dummy sex, Midpoint age, UlnaMaxLenRight 
b Dependent Variable: UlnaMinCircRight 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) 1.793 .077 
UlnaMaxLe 
nRight 

.359 2.771 .007 .582 .310 .247 

Midpoint 
age 

.223 2.503 .015 .206 .283 .223 

Dummy sex -.310 -2.390 .019 -.560 -.271 -.213 
a Dependent Variable; UlnaMinCircRight 

Table 6.93. Correlation and Regression: Female Ulna Minimum Circumference 

UlnaMinC 
ircRight 

UlnaMax 
LenRight 

Midpoint 
age 

Pearson UlnaMinCircRight 1.000 .292 .353 
Correlation UlnaMaxLenRight .292 1.000 .047 

Midpoint age .353 .047 1.000 
Sig. (1-tailed) UlnaMinCircRight .029 .010 

UlnaMaxLenRight .029 .383 
Midpoint age .010 .383 

N UlnaMinCircRight 43 43 43 
UlnaMaxLenRight 43 43 43 
Midpoint age 43 43 43 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .448(a) .201 .161 2.78260 

a Predictors; (Constant), Midpoint age, UlnaMaxLenRight 
b Dependent Variable; UlnaMinCircRight 
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Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
77.810 2 38.905 5.025 .011(a) 

Residual 309.715 40 7.743 
Total 387.525 42 

a Predictors: (Constant), Midpoint age, UlnaMaxLenRight 
b Dependent Variable; Ulna[\^inCircRight 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) 1.053 .298 
UlnaMaxLe 
nRight 

.276 1.948 .058 .292 .294 .275 

Midpoint 
age 

.341 2.407 .021 .353 .356 .340 

a Dependent Variable: UlnaMinCircRight 

Table 6.94. Correlation and Regression: Ulna Brachialis Robusticity 

UlnaBrachRo 
bScoreLeft 

Midpoint 
age 

UlnaMaxLe 
nLeft 

Dummy 
sex 

Pearson 
Correlation 

UlnaBrachRob 
ScoreLeft 
Midpoint age 
UlnaMaxLenLef 
t 

1.000 

-.012 

-.197 

-.012 

1.000 

.023 

-.197 

.023 

1.000 

.447 

.050 

-.768 

Sig. (1-tailed) 
Dummy sex 
UlnaBrachRob 
ScoreLeft 
Midpoint age 

UlnaMaxLenLef 
t 

.447 

.469 

.103 

.050 

.469 

.441 

-.768 

.103 

.441 

1.000 

.001 

.376 

.000 

N 
Dummy sex 
UlnaBrachRob 
ScoreLeft 
Midpoint age 
UlnaMaxLenLef 
t 

.001 

43 

43 

43 

.376 

43 

43 

43 

.000 

43 

43 

43 

43 

43 

43 

Dummy sex 43 43 43 43 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .506(a) .256 .198 .4023 

a Predictors: (Constant), Dummy sex. Midpoint age, UlnaMaxLenLeft 
b Dependent Variable: UinaBrachRobScoreLeft 
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Sum of Mean 
Model Squares df Square F Siq. 
1 Regressi 

on 
2.166 3 .722 4.462 .009(a) 

Residual 6.311 39 .162 
Total 8.477 42 

a Predictors: (Constant), Dummy sex, Midpoint age, UlnaMaxLenLeft 
b Dependent Variable: UlnaBrachRobScoreLeft 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) -.137 .891 
Midpoint 
age 

-.057 -.412 .682 -.012 -.066 -.057 

UlnaMaxLe 
nLeft 

.365 1.686 .100 -.197 .261 .233 

Dummy 
sex 

.731 3.369 .002 .447 .475 .465 

a Dependent Variable: UlnaBrachRobScoreLeft 

Table 6.95. Correlation and Regression: Ulna Pronator Quadratus Robusticity 

UlnaPQRob Midpoint UlnaMaxLe 
ScoreLeft age nLeft Dummy sex 

Pearson 
Correlation 

UlnaPQRobScore 
Left 

1.000 .165 -.060 .335 

Midpoint age .165 1.000 .023 .082 
UlnaMaxLenLeft -.060 .023 1.000 -.783 
Dummy sex .335 .082 -.783 1.000 

Sig. (1-
tailed) 

UlnaPQRobScore 
Left 

.147 .353 .015 

Midpoint age .147 .442 .303 
UlnaMaxLenLeft .353 .442 .000 
Dummy sex .015 .303 .000 

N UlnaPQRobScore 
Left 

42 42 42 42 

Midpoint age 42 42 42 42 
UlnaMaxLenLeft 42 42 42 42 
Dummy sex 42 42 42 42 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .477(a) .227 .166 .6704 

a Predictors: (Constant), Dummy sex. Midpoint age, UlnaMaxLenLeft 
b Dependent Variable: UlnaPQRobScoreLeft 
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Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
5.024 3 1.675 3.727 .019(a) 

Residual 17.077 38 .449 
Total 22.101 41 

a Predictors; (Constant), Dummy sex. Midpoint age, UlnaMaxLenLeft 
b Dependent Variable: UlnaPQRobScoreLeft 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) -1.406 .168 
Midpoint 
age 

.095 .657 .515 .165 .106 .094 

UlnaMaxLe 
nLeft 

.503 2.171 .036 -.060 .332 .310 

Dummy 
sex 

.721 3.104 .004 .335 .450 .443 

a Dependent Variable; UlnaPQRobScoreLeft 

Table 6.96. Correlation and Regression: Ulna Anconeus Robusticity 

UlnaAnconRo Midpoint Dummy UlnaMax 
bScoreRight age sex Len Right 

Pearson 
Correlation 

UlnaAnconRobSc 
oreRight 1.000 .317 -.057 .112 

Midpoint age .317 1.000 -.122 .068 
Dummy sex -.057 -.122 1.000 -.758 
UlnaMaxLenRight .112 .068 -.758 1.000 

Sig. (1-tailed) UlnaAnconRobSc 
oreRight .022 .362 .243 

Midpoint age .022 .224 .337 
Dummy sex .362 .224 .000 
UlnaMaxLenRight .243 .337 .000 

N UlnaAnconRobSc 
oreRight 41 41 41 41 

Midpoint age 41 41 41 41 
Dummy sex 41 41 41 41 
UlnaMaxLenRight 41 41 41 41 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .338(a) .115 .043 .5930 

a Predictors; (Constant), UlnaMaxLenRight, Midpoint age, Dummy sex 
b Dependent Variable; UlnaAnconRobScoreRight 



289 

Sum of Mean 
Model Squares df Square F Siq. 
1 Regressi 

on 
1.683 3 .561 1.596 .207(a) 

Residual 13.012 37 .352 
Total 14.695 40 

a Predictors; (Constant), UlnaMaxLenRight, Midpoint age. Dummy sex 
b Dependent Variable: UlnaAnconRobScoreRight 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constant) .004 .997 
Midpoint 
age 

.319 2.046 .048 .317 .319 .317 

Dummy sex .118 .497 .622 -.057 .081 .077 
UlnaMaxLe 
nRight 

.180 .759 .453 .112 .124 .117 

a Dependent Variable; UlnaAnconRobScoreRight 

Table 6.97: Independent Samples T-Test: Third Metacarpal Symmetry 

F Sig. t df 

Third Equal variances 
Metacarpal assumed 
Symmetry Root 

Equal variances 
not assumed 

18.214 .000 -1.860 

-2.213 

54 

50.887 
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Table 6.98. Correlation: Third Metacarpal Symmetry 

Third 
Metacarpal 
Symmetry Midpoint 

Root Dummy sex age 
Pearson Third Metacarpal 

1.000 .245 .114 Correlation Symmetry Root 1.000 .245 .114 

Dummy sex .245 1.000 -.053 
Midpoint age .114 -.053 1.000 

Sig. (1-tailed) Third Metacarpal 
.034 .201 Symmetry Root .034 .201 

Dummy sex .034 .350 
Midpoint age .201 .350 

N Third Metacarpal 
56 56 56 Symmetry Root 56 56 56 

Dummy sex 56 56 56 
Midpoint age 56 56 56 

Table 6.99: Correlation and Regression: First Metacarpal Opponens Pollicis Robusticity 

MC10PRO 
bScoreRigh 

t 
Midpoint 

age Dummy sex 
Pearson Correlation 

Sig. (1-tailed) 

N 

MClOPRobScoreRi 
ght 
Midpoint age 
Dummy sex 
MClOPRobScoreRi 
ght 
Midpoint age 
Dummy sex 
MC1 OPRobScoreRi 
ght 
Midpoint age 
Dummy sex 

1.000 

.508 

.175 

.000 

.105 

53 

53 
53 

.508 

1.000 
-.086 

.000 

.270 

53 

53 
53 

.175 

-.086 

1.000 

.105 

.270 

53 

53 
53 

Model R R Square 
Adjusted 
R Square 

Std. Error of 
the Estimate 

1 .554(a) .306 .279 .5347 
a Predictors: (Constant), Dummy sex, Midpoint age 
b Dependent Variable; MClOPRobScoreRight 
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Sum of Mean 
Model Squares Df Square F Sig. 
1 Regressi 

on 
6.317 2 3.159 11.047 .000(a) 

Residual 14.296 50 .286 
Total 20.613 52 

a Predictors; (Constant), Dummy sex, Midpoint age 
b Dependent Variable; MClOPRobScoreRight 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constan 
t) 

4.612 .000 

Midpoint 
age 

.527 4.460 .000 .508 .533 .525 

Dummy 
sex 

.220 1.863 .068 .175 .255 .219 

a Dependent Variable; MClOPRobScoreRight 

Table 6.100: Correlation and Regression: First Metacarpal Abductor Pollicis Longus Robusticity 

MClAPLRo 
bScoreRigh 

t 
Midpoin 
tage Dummy sex 

Pearson Correlation MClAPLRobScoreRight 1.000 .101 .362 
Midpoint age .101 1.000 -.086 
Dummy sex .362 -.086 1.000 

Sig. (1-tailed) MClAPLRobScoreRight .250 .006 
Midpoint age .250 .283 
Dummy sex .006 .283 

N MClAPLRobScoreRight 47 47 47 
Midpoint age 47 47 47 
Dummy sex 47 47 47 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .386(a) .149 .110 .4577 

a Predictors: (Constant), Dummy sex. Midpoint age 
b Dependent Variable; MClAPLRobScoreRight 
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Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
1.612 2 .806 3.847 .029(a) 

Residual 9.218 44 .209 
Total 10.830 46 

a Predictors: (Constant). Dummy sex, Midpoint age 
b Dependent Variable: MClAPLRobScoreRight 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constan 
t) 

7.399 .000 

Midpoint 
age 

.133 .951 .347 .101 .142 .132 

Dummy 
sex 

.374 2.678 .010 .362 .374 .372 

a Dependent Variable: MClAPLRobScoreRight 

Table 6.101: Correlation and Regression: Third Metacarpal Transverse Adductor 
Pollicis Robusticity 

MC3THAPR 
obScoreLeft 

Midpoint 
age Dummy sex 

Pearson Correlation MC3THAPRobScore 
Left 

1.000 .388 .508 

Sig. (1-tailed) 

N 

Midpoint age 
Dummy sex 
MC3THAPRobScore 
Left 
Midpoint age 
Dummy sex 
MC3THAPRobScore 
Left 
Midpoint age 
Dummy sex 

.388 

.508 

.001 

.000 

64 

64 
64 

1.000 
-.104 

.001 

.208 

64 

64 
64 

-.104 
1.000 

.000 

.208 

64 

64 

64 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .674(a) .454 .437 .4817 

a Predictors: (Constant), Dummy sex. Midpoint age 
b Dependent Variable: MC3THAPRobScoreLeft 
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Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
11.786 2 5.893 25.402 .000(a) 

Residual 14.151 61 .232 
Total 25.938 63 

a Predictors; (Constant), Dummy sex, Midpoint age 
b Dependent Variable: MCSTHAPRobScoreLeft 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constan 
t) 

4.356 .000 

Midpoint 
age 

.445 4.685 .000 .388 .514 .443 

Dummy 
sex 

.554 5.828 .000 .508 .598 .551 

a Dependent Variable: MC3THAPRobScoreLeft 

Table 6.102: Correlation and Regression: Fifth Metacarpal Opponens Digiti Minimi Robusticity 

MC50DM 
RobScore 

Right 
Midpoint 

age Dummy sex 
Pearson Correlation 

Sig. (1-tailed) 

N 

MCSODMRobScoreRig 
ht 
Midpoint age 
Dummy sex 
MCSODMRobScoreRig 
ht 
Midpoint age 
Dummy sex 
MCSODMRobScoreRig 
ht 
Midpoint age 
Dummy sex 

1.000 

.397 

.561 

.001 

.000 

55 

55 
55 

.397 

1.000 
-.051 

.001 

.356 

55 

55 
55 

.561 

-.051 

1.000 

.000 

.356 

55 

55 
55 

Adjusted Std. Error of 
Model R R Square R Square the Estimate 
1 .705(a) .497 ,478 .4809 

a Predictors: (Constant), Dummy sex. Midpoint age 
b Dependent Variable: MC50DMRobScoreRight 



Sum of Mean 
Model Squares df Square F Sig. 
1 Regressi 

on 
11.881 2 5.941 25.682 .000(a) 

Residual 12.028 52 .231 
Total 23.909 54 

a Predictors; (Constant), Dummy sex. Midpoint age 
b Dependent Variable: MCSODMRobScoreRight 

Standardized 
Coefficients t Sig. Correlations 

Beta Zero-order Partial Part 
(Constan 
t) 

3.644 .001 

Midpoint 
age 

.427 4.333 .000 .397 .515 .426 

Dummy 
sex 

.583 5.921 .000 .561 .635 .582 

a Dependent Variable: MCSODMRobScoreRight 
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Table 6.103. Summary Table of Results 

Dependent 
Variable 

Symmetry 
(ANOVA/t-
test) 

Corr. Reg. Robust Corr. Reg-

1. Clavicle AP 
Diameter 

No Difference Males 
more 
robust 

Sex (-) Sex beta sig. 

2. Clavicle SI 
Diameter 

Males 
Asymmetrical 

Sex (-) Sex 
beta 
sig. 

Males 
more 
robust 

Sex (-) Size beta sig. 
(.014) 
Sex beta sig. 
(.031) 

3. Clavicle Max 
Length of 
Deltoid 

No Difference Males 
more 
robust 

Sex (-) 
Age(+) 
Size (+) 

Age beta sig. 

4. Clavicle Max 
Width of Deltoid 

Males 
Asymmetrical 

5. Clavicle 
Deltoid 
Robusticity 

No Difference No 
difference 

Age (+) Age beta sig. 

6. Clavicle Max 
Diameter of 
Costoclavicular 
Ligament 

No Difference No 
difference 

Age (+) Sex beta sig. 
(.036) 
Age beta sig. 
(.039) 
Size beta sig. 
(.042) 

7. Clavicle Max 
Length of 
Costoclavicular 
Ligament 

Males 
Asymmetrical 

Sex (-) Sex 
beta 
sig. 

8. Clavicle Max 
Width of 
Costoclavicular 
Ligament 

Males 
Asymmetrical 

Sex (-) Sex 
beta 
sig. 

9. Clavicle 
Costoclavicular 
Ligament 
Robusticity 

No Difference Females 
more 
robust 

Sex (+) 
Age(+) 

Sex beta sig. 
(.007) 
Age beta sig. 
(.012) 

10. Clavicle Max 
Diameter at 
Conoid 
Ligament 

No Difference Age 
(+) 

Age 
beta 
sig. 

11. Clavicle 
Conoid 
Robusticity 

No Difference Females 
more 
robust 

Sex (+) 
Age (+) 
Size (-) 

Age beta sig. 

12. Clavicle 
Pectoralis Major 
Robusticity 

No Difference 

13. Clavicle 
Stemocleidomast 
oid 

No 
difference 

Age (+) Age beta sig. 
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Dependent 
Variable 

Symmetry 
(ANOVA/t-
test) 

Corr. Reg- Robust Corr. Reg. 

14. Clavicle 
Trapezoid 
Ligament 
Robusticity 

Males 
Asymmetrical 

Sex (-) Sex 
beta 
sig. 

Females 
more 
robust 

Sex (+) 
Age (+) 
Size (-) 

Age beta sig. 
(.005) 
Sex beta sig. 
(.026) 

15. Humerus 
Maximum 
Diameter 
Midshaft 

Males 
Asymmetrical 

Sex (-) Sex 
beta 
sig. 

Males 
more 
robust 

Sex (-) 
Age (+) 
Size (+) 

Age beta sig. 

16. Humerus 
Minimum 
Diameter 
Midshaft 

Males 
Asymmetrical 

17. Humerus 
Epicondylar 
Breadth 

No difference 
(Both sexes 
asymmetrical) 

Males 
more 
robust 

Sex (-) 
Age (+) 
Size (+) 

Sex beta sig. 
(.000) 
Age beta sig. 
(.029) 

18. Humerus 
Max Diameter of 
Deltoid 

Males 
Asymmetrical 

Sex (-) Sex 
beta 
sig. 

Males 
more 
robust 

Sex (-) 
Age (+) 
Size (+) 

Size beta 
sig.(.OOO) 
Age beta sig. 
(.014) 

19. Humerus 
Deltoid 
Robusticity 

Males 
Asymmetrical 

No 
difference 

Age (+) Age beta sig. 

20. Humerus 
Latissimus Dorsi 
Robusticity 

Males 
Asymmetrical 

Sex (-) Sex 
beta 
sig. 

21. Humerus 
Teres Major 
Robusticity 

Males 
Asymmetrical 

Sex (-) Sex 
beta 
sig. 

Females 
more 
robust 

Age (+) 
Sex (+) 

Age beta 
sig.(.006) 
Sex beta 
sig.(.019) 

22. Humerus 
Lateral Head of 
Triceps 
Robusticity 

Males 
Asymmetrical 

Sex (-) Sex 
beta 
sig. 

23. Humerus 
Coracobrachialis 
Robusticity 

Males 
Asymmetrical 

Sex (-) Sex 
beta 
sig. 

Females 
more 
robust 

Age (+) 
Sex (+) 

Age beta 
sig.(.005) 
Sex beta 
sig.(.032) 

24. Humerus 
Common Flexor 
SI Diameter 

Males 
Asymmetrical 

Sex (-) Sex 
beta 
sig. 

Males 
more 
robust 

Age (+) 
Size (+) 
Sex (-) 

Sex beta sig. 
(.000) 
Age beta 
sig.(.003) 

25. Humerus 
Common Flexor 
Robusticity 

Males 
Asymmetrical 

Sex (-) Sex 
beta 
sig. 
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Dependent 
Variable 

Symmetry 
(ANOVA/t-
test) 

Corn Reg. Robust Corn Reg. 

26. Humerus 
Width of 
Pectoralis Major 

Males 
Asymmetrical 

Sex (-) Sex 
beta 
sig. 

27. Humerus 
Pronator Teres 
Robusticity 

Females 
more 
robust 

Sex (+) 
Age (+) 

Age beta 
sig.(.005) 
Sex beta 
sig.(.036) 

28. Humerus 
Brachioradialis 
Robusticity 

Females 
more 
robust 

Sex (+) 
Age (+) 

Age beta 
sig.(.002) 
Sex beta 
sig.(.029) 

29. Radius AP 
Midshaft 
Diameter 

No difference Sex (-) Males 
more 
robust 

Sex (-) 
Size (+) 

Size beta 
sig.(.003) 
Sex beta 
sig.(.013) 

30. Radius 
Biceps 
Robusticity 

Males 
Asymmetrical 

Sex (-) Sex 
beta 
sig. 

No 
difference 

Age (+) Age beta sig. 

31. Radius 
Maximum 
Diameter of 
Biceps 

Males 
more 
robust 

Sex (-) 
Age (+) 
Size (+) 

Size beta 
sig.(.OOO) 
Age beta 
sig.(.001) 

32. Radius 
Width of 
Pronator Teres 

Males 
Asymmetrical 

Sex (-) Sex 
beta 
sig. 

No 
difference 

Age (+) 

33. Radius 
Pronator Teres 
Robusticity 

Males 
Asymmetrical 

Sex (-) Sex 
beta 
sig. 

Females 
more 
robust 

Age (+) 
Sex (+) 

Age beta 
sig.(.OOO) 
Sex beta 
sig.(.006) 

34. Ulna ML 
Diameter 

Males 
Asymmetrical 

Sex (-) Sex 
beta 
sig. 
(.042) 
Age 
beta 
sig. 
(.021) 

Males 
more 
robust 

Sex (-) 
Size (+) 

Size beta 
sig.(.005) 
Sex beta 
sig.(.008) 
Age beta 
sig.(.048) 

35. Ulna 
Brachialis 
Robusticity 

Males 
Asymmetrical 

Sex (-) Sex 
beta 
sig. 

Females 
more 
robust 

Sex (+) Sex beta sig. 

36. Ulna 
Supinator 
Robusticity 

No Difference 
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Dependent 
Variable 

Symmetry 
(ANOVA/t-
test) 

Corr. Reg. Robust Corr. Reg. 

37. Ulna 
Pronator 
Quadratus 
Symmetry 

Males 
Asymmetrical 

Sex (-) 
Age 
(+) 

R-
square 
sig. 

Females 
more 
robust 

Sex (+) Sex beta 
sig.(.004) 
Size beta 
sig.(.036) 

38. Ulna 
Anconeus 
Robusticity 

No difference No 
difference 

Age (+) Age beta sig. 

39. Ulna 
Minimum 
Circumference 

Males 
more 
robust 

Sex (-) 
Age (+) 
Size (+) 

Size beta 
sig.(.007) 
Age beta 
sig.(.015) 
Sex beta 
sig.(.019) 

40. IstMC 
Opponens 
Pollicis 
Robusticity 

No difference No 
difference 

Age (+) Age beta sig. 

41. IstMC 
Abductor 
Pollicis Longus 
Robusticity 

Females 
more 
robust 

Sex (+) Sex beta sig. 

42. 3rdMC 
Transverse Head 
of Adductor 
Pollicis 

Females 
Asymmetrical 

Sex (+) Females 
more 
robust 

Sex (+) 
Age (+) 

Sex beta 
sig.(.OOO) 
Age beta 
sig.(.OOO) 

43. 5thMC 
Opponens Digiti 
Minimi 

Females 
more 
robust 

Sex (+) 
Age (+) 

Age beta 
sig.(.OOO) 
Sex beta 
sig.(.000) 
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Table 6.104. Trends in Age, Sex and Robusticity 

TREND ROBUSTICITY MSMs 
Robusticity increases with age for 
males and not for females 

Females more robust 
than males 

Clavicle Costoclavicular Ligament 
Clavicle Conoid Ligament 
Clavicle Trapezoid Ligament 
Humerus Pronator Teres 
Humerus Brachioradialis 

Robusticity increases with age for 
females and not for males 

Males more robust 
than females 

Humerus Epicondylar Breadth 
Humerus Common Flexor SI 
Diameter 
Ulna ML Diameter 
Ulna Minimum Circumference 
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Figure 6.1. Frequency of Sexed Individuals Based on Pelvic Sex 
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Figure 6.2. Frequency of Sexed Individuals Based on Cranial Sex 
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Figure 6.3. Total Frequencies of Males and Females (Male = 0, Female = 1) 
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Figure 6.4. Frequencies of Individuals in Age Categories 
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Figure 6.5. Age Distribution, Low End of Range 
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Figure 6.6. Age Distribution, High End of Range 
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Figure 6.7. Low and High Ends of Age Range 
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Figure 6.8. Midpoint of Age Range Distribution 
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Figure 6.9. Age Ranges by Sex (Male = 0, Female = 1) 
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Figure 6.10. Degree of Anterior-Posterior Symmetry for Males (0) and Females (1) (Clavicle) 
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Figure 6.11. Degree of Anterior-Posterior Symmetry for Males and Females (Values Higher than 1 
Removed) (Male = 0, Female 1) 
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Figure 6.12. Degree of Superior-Inferior Symmetry for Males and Females (Male = 0, Female 
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Figure 6.13. Degree of Superior-Inferior Symmetry for Males and Females Outliers Removed 
(Males = 0, Females -1). 
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Figure 6.14. Distribution of Clavicle Symmetry Scores for Males: (a) Superior-Inferior (b) Anterior-
Posterior 
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Figure 6.15. Distribution of Clavicle Symmetry Scores for Females: (a) Superior-Inferior (b) 
Anterior-Posterior 
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Figure 6.16. Distribution of Deltoid Length Symmetry Scores for Males and Females (Clavicle) (Male 
= 0, Female = 1) 

Dummy sex 
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Figure 6.17. Distribution of Deltoid Width Symmetry Scores for Males and Females (Clavicle) (Male 
= 0, Female = 1) 

Dummy sex 
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Figure 6.18. Frequency of Deltoid Robusticity Symmetry Scores (a) Females 
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Figure 6.19. Distribution of Costoclavicular Ligament Diameter Symmetry Scores for Males and 
Females (Clavicle) (Male = 0, Female = 1) 
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Figure 6.20. Distribution of Costoclavicular Ligament Length Symmetry Scores for Males and 
Females (Clavicle) (Male = 0, Female = 1) 

Dummy sex 



315 

Figure 6.21. Distribution of Costoclavicular Ligament Width Symmetry Scores for Males and 
Females (Clavicle) (Male = 0, Female = 1) 
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Figure 6.22. Frequency of Costoclavicular Ligament Robusticity Symmetry Scores (a) Females 

CCL Robusticity Symmetry Root 

.00 ,50 1.00 

CCL Robusticity Symmetry Root 

(b) Males 

CCL Robusticity Symmetry Root 
12 1 

.00 .50 1.00 

CCL Robusticity Symmetry Root 



317 

Figure 6.23. Distribution of Conoid Ligament Diameter Symmetry Scores for Males and Females 
(Clavicle) (Male = 0, Female = 1) 
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Figure 6.24. Frequency of Conoid Ligament Robusticity Symmetry Scores for Males (0) Females (1) 
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Figure 6.25. Frequency of Pectoralis Major Robusticity Symmetry Scores for Males (0) and Females 
(1) (Clavicle) 
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Figure 6.26. Frequency of Trapezoid Ligament Robusticity Symmetry Scores for Males (0) and 
Females (1) (Clavicle) 
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Figure 6.27. Distribution of Female Costoclavicular Ligament Robusticity Scores by Midpoint Age 
(Clavicle) 
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Figure 6.28. Degree of Maximum Midshaft Diameter Symmetry for Males (0) and Females (1) 
(Humerus) 
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Figure 6.29. Degree of Minimum Midshaft Diameter Symmetry for Males (0) and Females (1) 
(Humerus) 
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Figure 6.30. Degree of Epicondylar Breadth Symmetry for Males (0) and Females (1) (Humerus) 
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Figure 6.31. Degree of Deltoid Diameter Symmetry for Males (0) and Females (1) (Humerus) 
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Figure 6.32. Degree of Female Deltoid Diameter Symmetry for Young/Sub Adults (0) and Middle/Old 
Adults (1) (Humerus) 
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Figure 6.33. Degree of Male Deltoid Diameter Symmetry for Young/Sub Adults (0) and Middle/Old 
Adults (1) (Humerus) 

Age Group 



Figure 6.34. Deltoid Robusticity Symmetry for Males (0) and Females (1) 
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Figure 6.35. Latissimus Dorsi Robusticity Symmetry for Males (0) and Females (1) (Humerus) 
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Figure 6.36. Teres Major Robusticity Symmetry for Males (0) and Females (1) (Humerus) 
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Figure 6.37. Lateral Head of Triceps Robusticity Symmetry for Males (0) and Females (1) (Humerus) 
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Figure 6.38. Coracobrachialis Robusticity Symmetry for Males (0) and Females (1) (Humerus) 
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Figure 6.39. Common Flexor Origin SI Symmetry for Males (0) and Females (1) (Humerus) 
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Figure 6.40. Distribution of Male Common Flexor Origin SI Diameter Symmetry Coefficients by Age 
Group: Young/Sub Adults (0) and Middle/Old Adults (1) (Humerus) 
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Figure 6.41. Common Flexor Origin Robusticity Symmetry for Males (0) and Females (1) (Humerus) 
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Figure 6.42. Plot of Male Common Flexor SI Diameter Symmetry and Midpoint Age: Negative 
Correlation (Humerus) 
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Figure 6.43. Distribution of Pectoralis Major Width Symmetry for Males (0) and Females (1) 
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Figure 6.44. Plot of Age and Humerus Maximum Diameter Labeled by Sex (Male = 0, Female = 1) 
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Figure 6.45. Plot of Age and Humerus Epicondylar Breadth for Females 
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Figure 6.46. Plot of Age and Maximum Diameter at the Deltoid for Males (Humerus) 

60 

50 

40 

30 

0) 20 
O) n 
c 
CD 0) 
2 10 

18 19 20 21 22 23 24 25 26 

HumDeltoidMaxDiaRight 



Figure 6.47. Plot of Age and Maximum Diameter at the Deltoid for Females (Humerus) 
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Figure 6.48. Plot of Age and Deltoid Robusticity: Males = 0, Females = 1 (Humerus) 
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Figure 6.49. Plot of Age and Common Flexor SI Diameter for Females 
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Figure 6.50. Distribution of Radius AP Diameter Symmetry Coefficients for Males (0) and Females 
(1) 
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Figure 6.51. Distribution of Radius Biceps Robusticity Symmetry Coefficients for Males (0) and 
Females (1) 
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Figure 6.52. Distribution of Radius Pronator Teres Widtli Symmetry Coefficients for Males (0) and 
Females (1) 
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Figure 6.53. Distribution of Radius Pronator Teres Robusticity Symmetry Coefficients for Males (0) 
and Females (1) 
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Figure 6.54. Distribution of Ulna Medial-Lateral Diameter Symmetry Coefficients for Males (0) and 
Females (1) 
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Figure 6.55. Distribution of Female Ulna Medial-Lateral Diameter Symmetry Coefficients for 
Young/Sub Adults (0) and Middle/Old Adults (1) 
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Figure 6.56. Distribution of Ulna Brachialis Robusticity Symmetry Coefficients for Males (0) and 
Females (1) 
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Figure 6. 57. Distribution of Ulna Supinator Symmetry Coefficients for Males (0) and Females (1) 
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Figure 6.58. Distribution of Ulna Supinator Symmetry Coefficients for Males (0) and Females (1) by 
Age 
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Figure 6.59. Distribution of Ulna Pronator Quadratus Symmetry Coefficients for Males (0) and 
Females (1) 
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Figure 6.60. Distribution of Ulna Anconeus Symmetry Coefficients for Males (0) and Females (1) 
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Figure 6.61. Distribution of First Metacarpal Symmetry Coefficients for Males (0) and Females (1) 

Histogram 

For SEX= 0 

0.00 .25 

Std. Dev = .24 

Mean = .16 

N= 16.00 

First Metacarpal Symmetry Root 

Histogram 

For SEX= 1 

std. Dev = .32 

Mean = .18 

N = 25.00 

First Metacarpal Symmetry Root 



356 

Figure 6.62. Distribution of Third Metacarpal Symmetry Coefficients for Males (0) and Females (1) 
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Figure 6.63. Plot of Age and Third Metacarpal Robusticity for Males (0) and Females (1) 
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Figure 6.64. Plot of Age and Fifth Metacarpal Robusticity for Males (0) and Females (1) 
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Figure 6.65. Percent Asymmetry by Sex (Male = 0, Female = 1) for Clavicle SI Diameter 
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Table 6.66. Percent Asymmetry Clavicle Costoclavicular Ligament Symmetry (Male = 0, Female = 1) 

Dummy sex 
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CHAPTER 7: CONCLUSIONS 

Introduction 

The results reported in the previous chapter are generally consistent with the 

original expectations of this study, to varying degrees. The over-arching research 

expectations regarding sexual difference in symmetry and robusticity of the upper body 

were based on the hypothesized cumulative effects of suites of activities performed 

repeatedly over the course of a lifetime. Broad morphological differences between the 

sexes resulting from the habitual performance of particular forms of labor are indeed 

present in the Grasshopper skeletal sample. Moreover, the isolation of trends 

characteristic of particular muscle or ligament attachments sites has, in some cases, 

permitted the finer-grained association of certain activities with specific changes in the 

skeleton. Investigation of the relationship between age and musculo-skeletal development 

in the course of this study has yielded unanticipated insights into the conditions imder 

which the normative pattern of age-progressive development may be interrupted. Taken 

as a whole, the results of this study suggest that habitual labor in this late Prehispanic 

Pueblo village was rigidly divided by sex; the skeletal evidence points to very minimal 

fluidity between the habitual activities of men and women. 

This final chapter connects the patterns of muscular development identified in this 

study to hypothesized sexually divided activity patterns gleaned from ethnographic and 

archaeological evidence. Issues of symmetry are addressed first, followed by robusticity 

in order to address the original expectations of the study. Unanticipated trends identified 

in the sample relating to the interaction of age and sexually differentiated labor patterns 
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are interpreted in this context as well. Finally, the overall interpretation of skeletal 

patterns is framed within the cultural context of gender in the Pueblo IV period 

Southwest. 

Symmetry and Asymmetry in Labor Patterns 

A major expectation of this study was based on archaeological and ethnographic 

evidence that agricultural labor and large game hunting were habitual and fundamentally 

male-associated activities characterized by asymmetrical use of the upper body. In 

contrast, female labor that engaged the upper body was overwhelmingly symmetrical; 

ethnographic observations of historic Pueblos, combined with analogous material culture 

in the prehistoric record, suggested that women devoted a tremendous amovint of time 

and energy to grinding com. Hunting and agricultural labor for males, and grinding 

activities for women, were expected to result in asymmetry and symmetry, respectively, 

in the upper arm. Women's presumed association with activities such as ceramic and 

other craft manufacture, as well as food processing and preparation such as husking, 

shelling, and cooking was expected to result in asymmetry among females in the muscles 

of the lower arm. The muscles and ligaments that are characterized by significant male 

asymmetry and female symmetry in the shoulder/upper arm and elbow/lower arm areas 

are listed in Table 7.1. 
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Male Labor 

The muscles that exhibit asymmetry in the shoulder and upper arm of males are 

heavily implicated in the use of the bow and arrow. The deltoid is the prime mover of the 

shoulder and is activated in the widest range of motions, assisted to different degrees and 

in different motions by the pectoralis major, latissimus dorsi, teres major, and the 

coracobrachialis. For example, an archer with a drawn bow will have employed the 

deltoid to laterally lift (abduct) the arm away from the median plane, extend it 

posteriorly, and laterally rotate the shoulder (Figure 7.1). The latissimus dorsi and teres 

major are activated and assist the deltoid in posterior extension, and then work in 

conjunction with pectoralis major and the coracobrachialis in adduction (lowering) of the 

arm and medially rotating the shoulder when the arrow is released. Drawing a bow in this 

manner requires stabilization of the shoulder girdle at the acromioclavicular (lateral) and 

sternoclavicular joints, which exerts force asymmetrically upon the costoclavicular and 

trapezoid ligaments. 

The elbow, lower arm and hand are also occupied in this activity. The elbow is 

actively flexed when the bow is drawn, the hand is flexed over the arrow, and then 

extended when the arrow is released and the arm is relaxed. The brachialis and the biceps 

are the primary flexors of the elbow, assisted by the common flexors that also flex the 

hand, originating at the medial epicondyle of the humerus. These muscles exhibit 

significant asymmetry, along with the triceps, which is the major extensor of the elbow. 

As discussed in previous chapters, large game hunting (and its association literally and 

metaphorically with masculinity) is suggested to have intensified during the Pueblo IV 
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period in general (Potter 2004) and at Grasshopper Pueblo in particular (Olsen 1990). The 

significant degree of asymmetry present in the muscles and ligaments primarily affected 

by repetitive bow and arrow use is consistent with these assumptions. Ethnographers of 

the historic pueblos have observed that young boys and men received daily training and 

instruction in archery throughout their lives (see Chapter 3). The cumulative effects of 

such training would significantly impact skeletal symmetry in a way consistent with the 

results of this study. An interesting age-related trend is evident among males in 

asymmetry of the common flexors: young males are more asymmetrical than older males 

in these muscles. This may be indicative of relative intensity and diversity of 

asymmetrical activities among males - young men in training may spend more time in 

focused repetition of bow and arrow use, for instance, while older males may diversify 

into more generalized farming labor that activates shoulder and upper arm muscle groups 

more often relative to the elbow and hand. 

Although it is possible to predict the specific asymmetrical forms of movement 

associated with bow and arrow use, the more generalized activities falling into category 

of agricultural field labor are difficult to precisely reconstruct. The different tasks 

involved in field preparation, planting, and maintenance gleaned from ethnographic 

descriptions and prehistoric material culture and listed in Table 3.2 are all characterized 

by repetitive flexion/extension and abduction/adduction that favors the dominant arm. 

The use of digging sticks, hoes, and sickle-like stone tools in weed cutting will exert 

differential force on the prime movers of the dominant arm, such as the deltoid and the 

biceps, and require differential stabilization of the dominant side of the shoulder girdle. 
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Archaeological evidence strongly suggests agricultural production (and the labor 

associated with it) intensified in the Grasshopper region in tandem with processes of 

community aggregation (Chapter 5), and thus male communal field labor would have 

been crucial to community survival. It is not possible to separate the effects of dominant 

arm use in generalized agricultural labor from the specific activity of hvmting with a bow 

and arrow. However, it is possible to say that the marked asymmetry in these muscles and 

ligaments is consistent with the proposed activities. 

The asymmetry foimd in the upper arm/shoulder muscles among the male 

population is consistent with the original expectation for labor organization. The 

significant asymmetry foimd among males (and not among females) in the muscles of the 

lower arm/elbow, however, is the opposite of the original expectation. The types of 

movement associated with the muscles of the lower arm foimd to exhibit asymmetry in 

males are listed in Table 7.1. While the common flexors, biceps, triceps, and brachialis 

are all involved to varying degrees in movement associated with hunting and agriculture 

and thus are likely to exhibit asymmetry among males, pronator teres and pronator 

quadratus are less significantly activated during these activities. As discussed in Chapter 

4, pronation is a rotation of the forearm such that the palm is oriented posteriorly. 

Supination turns the palm back to face anteriorly. Pronator teres is the primary pronator 

of the lower arm, originating from the medial epicondyle and inserting on the posterior 

side of the radius. However, pronator teres also acts as a minor flexor the elbow, and it is 

possible that asymmetry in this muscle is a result of the influence of intensive dominant 

arm flexion in hunting or farming labor. Pronator quadratus, however, is exclusively 
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activated during pronation: this muscle originates from the distal ulna and crosses 

perpendicularly to insert onto the distal radius. It holds the radius and ulna together, and 

when contracted achieves pronation by pulling the radius over the ulna (Calais-Germain 

1993:145). 

It was expected that women would exhibit asymmetry in the pronators, pronator 

quadratus in particular, due to the presumed differential use of the dominant hand in clay 

manipulation with pottery making and natural favoring of the dominant arm in corm 

husking, shucking, shelling, and generalized food preparation (Chapter 3). Male 

asymmetry in pronators may reflect differential male participation in activities such as 

flint knapping and stone jewelry production at Grasshopper. As discussed in Chapter 5, 

previous research in the area of stone tool manufacture has concluded that individual 

hunters manufactured their own projectile points (Whittaker 1984), and spatial analysis of 

room function identified specialized manufacturing rooms containing raw materials and 

debris associated with both stone tool and stone jewelry production (Ciolek-Torrello 

1978). Flint knapping in particular drives force through the wrist, activating the pronator 

quadratus in stabilizing the distal radius and ulna. Pronator teres is activated in the wrist 

movement and forearm flexion associated with these activities. The marked asymmetry in 

these muscles supports the conclusions of other researchers that men were primarily 

involved in flint knapping. As noted in Chapter 3, ethnographic accounts indicate that 

jewelry making was a predominantly male sphere. Given the marked asynunetry in the 

pronator muscles of the wrist among males, it is possible men were indeed more 

intensively engaged in these activities than women. 
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Female Labor 

An individual grinding com at a metate within a mealing bin will kneel in front 

of the bin, possibly with feet braced against a wall. Bending at the waist, both 

shoulders/upper arms are flexed (flexion in this sense means that the arms are moved 

forward, or anteriorly, in the sagittal plane), and abducted, and the shoulders are rotated 

medially. With both hands upon the mano set within the metate, pressure is exerted the 

arms are repeatedly flexed and extended at the shoulders and elbows. This form of 

repetitive motion places significant stress on the sternoclavicular and acromioclavicular 

joints, and thus the ligaments that anchor these joint and thus stabilize the thorax and the 

scapulae (the costoclavicular and trapezoid ligaments) are under pressure. The muscles 

and ligaments listed in Table 7.1 as exhibiting significant symmetry among women are 

the prime movers associated with the action described above, both at the shoulder and at 

the elbow. As discussed in Chapter 6, the female population exhibits almost perfect 

symmetry in these muscles, possessing symmetry coefficients that show virtually no 

difference between the left and right sides of the body. It is not just that males possess a 

higher degree of asymmetry than females, but that in many cases a substantial proportion 

of females are virtually completely symmetrical. For example, the distribution of female 

asymmetry coefficients for clavicular attachments of the deltoid, costoclavicular 

ligament, and trapezoid ligaments (Figures 6.16-6.22 and 6.26) show that most women in 

the sample are within 1 millimeter of perfect symmetry, but there are a few outliers in 

each case representing women within the male range of asymmetry. Detailed 

investigation of the female individuals comprising the outliers revealed that pathologies 
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such as healed fractures and periosteal reaction accounted for the asymmetry in most of 

these cases. 

The considerable amount of stress placed on the ligaments that stabilize the 

shoulder girdle during repetitive, habitual grinding is likely related to the extremely high 

degree of symmetry in the clavicle attachment sites in particular. The muscles listed in 

Table 7.1 that are activated during flexion/extension and abduction/adduction are all 

affected by symmetrical grinding labor. Among these muscles, women of all ages exhibit 

about the same degree of symmetry with one exception; the deltoid tuberosity on the 

humerus. For the measurement of humeral shaft diameter at the deltoid, the greatest 

proportion of female individuals exhibit less than one millimeter of difference between 

the left and right humeri. However, there is a small proportion of the sample falling 

slightly above this range that appears to be comprised by younger women. Statistical 

tests demonstrate that younger adult females are more asymmetrical than older adults for 

this measure of the deltoid muscle. One interpretation of this phenomenon is that the 

effects of intensive, symmetrical com grinding labor on the deltoid do not completely 

mask the effects of everyday side-dominance related asymmetrical activities imtil later in 

life. Another possibility is that younger women are more likely to engage in picking up 

and carrying children than older women, an activity that would differentially affect the 

deltoid as the prime mover of the upper arm and shoulder. 

The opposite phenomenon occurs for muscles attached to the ulna. A 

measurement of shaft diameter (medial-lateral diameter) of the ulna at the supinator crest 

and a measurement of the pronator quadratus muscle shows that within a small range of 
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asymmetry, older women are more asymmetrical than younger women. The supinator 

and the pronator quadratus are not specifically implicated in com grinding. As described 

for the male population above, these muscles pronate and supinate the wrist and forearm. 

The symmetry found among the female population overall in the pronator muscles 

(pronator teres and pronator quadratus, Table 7.1) was inconsistent with original 

expectations; ceramic manufacture was predicted to result in lower arm asymmetry 

among women. The detailed ethnographic descriptions of the stages of pottery 

manufacture discussed in Chapter 3 indicate that some stages of the process do involve 

symmetrical use of the pronator muscles of the wrist; for example, kneading clay 

involves both hands and wrists simultaneously, as well as the practice of tossing clay 

back and forth between hands. The intensity and duration of this particular task could 

result in symmetry in the pronator and supinator muscles. Other stages in pottery making 

are indeed asymmetrical, such as scraping, polishing, and painting, and these also involve 

the pronator muscles of the wrist. A possible interpretation of the age difference in 

pronator symmetry is that it reflects some differential engagement in the different stages 

of pottery manufacture - a separation of tasks by age, whereby older women 

differentially participate in the asymmetrical tasks. 

Although there are differences in degree of asymmetry among women of different 

ages, overall women are significantly more synmietrical than men in muscle/ligament 

attachments, with one exception. For the adductor pollicis (transverse head), women are 

significantly more asymmetrical than men. This muscle originates fi-om the palmar 

surface of the third metacarpal and inserts at the base of the proximal phalanx of the first 
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metacarpal, and acts to pull the thumb towards the center of the hand. As described in 

Chapter 3, ethnographic observers note that potters clasp shaping and scraping 

implements between the thumb and fingers of the dominant hand: "The women hold the 

kajepe vdth fingers either slightly bent, or nearly fully flexed; in the latter position the 

tool is grasped between the thumb and bent forefinger"(Guthe 1925:39). This movement 

activates the adductor pollicis. Since the non-dominant hand is used to steady the pot, this 

repetitive activity would potentially result in asymmetrical development of this muscle. 

Other stages in this process also involve asymmetrical movements of the thumb and 

fingers, such as pinching the clay coils together while building a pot. There is no age 

difference among women in third metacarpal asymmetry - there are some symmetrical 

and some asymmetrical individuals in the female sample, but they are distributed fairly 

evenly across the entire range of ages. 

Relative Robustieity in Labor Patterns 

In general, men are larger than women in the Grasshopper skeletal population. 

This fact presents a major challenge for research questions that seek to determine if 

women are using certain muscle groups more intensively than men. Whenever a metric 

measurement is used to describe a bone, such as bone diameter or bone length, the values 

for males are highly likely to be larger than the values for females (when comparing 

individuals of the same age range). In this study and in others (Chapter 4), the use of 

visual scoring criteria is an attempt to escape the effects of sexual dimorphism by 

describing the particular morphological changes in bone that occur in response to activity 
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due to the simple problem that rugged muscle attachment sites may always appear to be 

larger when they are observed on a small bone. Further studies are required to more 

precisely quantify musculoskeletal stress markers in such a way that the effect of body 

size is controlled. In the present study, statistical techniques are used to separate the 

effects of sex from the effects of body size, and the efficacy of such methods is discussed 

for particular examples below. The following discussions relate significant results of this 

study regarding differences in robusticity to sexually divided activity patterns derived 

from ethnographic and archaeological data. 

Male Labor Patterns 

Table 7.2 lists muscles characterized by greater male robusticity compared to 

females. As discussed above, the deltoid is activated in a wide range of motions, and is 

likely heavily utilized by both men and women in the practice of habitual labor. Males 

are determined to be more robust that females in the deltoid based on the correlation 

results - maleness is strongly correlated to increasing diameter at the deltoid (see Table 

6.103). But do men actually engage in more intense labor than women such that the 

deltoid is more developed, regardless of body size? The standardized partial regression 

coefficients are used in these cases to separate the effects of sex from size. For the 

deltoid, maleness, size, and age combined are all important predictors of robusticity, but 

the beta coefficients show that size is the most important factor in robusticity relative to 

the others. Thus as far as habitual labor activities that utilize the deltoid mo. concerned, it 
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is not possible to say that although men are more robust, that greater robusticity is related 

to heavier workloads for men relative to women - it appears to be a product of body size. 

This is also the case for the biceps and the supinator (measured by ulna medial-lateral 

diameter) - the regression results show that while maleness (rather than femaleness) 

accounts for some of the variance in robusticity, size is the most important predictor. 

There is one particular instance, involving the common flexors, where the 

regression results suggest that maleness, and not size, is the most important factor in 

robusticity. It is suggested, then, that men use these muscles more intensely than women 

in the performance of labor. The results are particularly convincing for the common 

flexors, a group of muscles that originate from the medial epicondyle of the humerus and 

are involved in flexion of the elbow and hand. For two separate measures of this muscle 

attachment site (superior-inferior diameter and epicondylar breadth), the regression 

results are the same: maleness is more important than body size as a predictor of variance 

in robusticity (Table 6.103). This result suggests that the common flexors of men are 

more developed than women due to activity stress, and not sexual dimorphism. The 

activity patterns proposed for both sexes are consistent with this result. The heavy com 

grinding labor performed by women may place heavier stress on flexion of the upper arm 

and shoulder than the elbow, while archery requires sustained flexion of the elbow and 

hand to draw the bow. Age related trends in development of the common flexors support 

this suggestion. For both measures of the common flexor origin, the normal association 

between age and robusticity (all things being equal, robusticity of MSMs gradually 

increases with age) is not present among males - young men are equally robust as older 
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men. Women, in contrast, exhibit an age-associated increase in common flexor 

robusticity. This may indicate that men are intensively performing activities at a young 

age that involve habitual flexion of the elbow and forearm - such as archery - which 

disrupts the normal developmental increase in robusticity. Combined with the symmetry 

results that found greater asymmetry in the common flexor among young men than older 

men, there is a strong case for the early and sustained intensity of habitual use of the bow 

and arrow by men. 

One other variable exhibits similar results as the common flexors: the anterior-

posterior diameter of the clavicle. This variable does not technically measure a 

musculoskeletal stress marker, but it does span the diameter of the clavicle at the 

approximate location of the attachment site for the pectoralis major. The regression 

results show that maleness is significantly more important than body size in predicting 

variance in robusticity. If this measure can be related to development of pectoralis major, 

it can be associated with the same activity - this muscle is responsible for the medial 

rotation of the shoulder that occurs when using a bow and arrow. 

Female Labor Patterns 

Table 7.3 lists muscles and ligaments in which women exhibit greater robusticity 

relative to men. Females are considered more robust than males if there is a significant 

correlation between femaleness and increasing robusticity score. Following this 

assessment, regression results are used to evaluate the relative contributions of body size, 

age, and femaleness. The results of analysis of three ligament attachment sites on the 
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clavicle are particularly promising. These ligaments have similar functions in the overall 

stabilization of the chest and shoulder girdle; the costoclavicular ligament operates to 

prevent movement at the sternoclavicular joint, and the conoid and trapezoid ligaments 

resist displacement of the acromioclavicular joint. Research in sports medicine has 

focused on the ligaments of the acromioclavicular joint, due to their general susceptibility 

to injury resulting primarily from falling with one arm outstretched (Berg 1997; Salter et 

al. 1987). Some studies have attempted to asses the relative contributions of similar 

ligaments to resisting joint displacement under different kinds of pressure (Fukuda et al. 

1986), but most clinical research in this field attempts to evaluate the success or failure of 

surgical repairs to damaged joints (e.g., Branch et al. 1996; Lee et al. 1997; Motamedi et 

al. 2000). It is clear, however, that these ligaments are significantly involved to various 

degrees in preventing harmful displacement or dislocation when force is exerted upon the 

shoulder girdle. The position of the body during com grinding at a mealing bin is such 

that the weight of the body is supported by the extended upper arms and shoulders, 

pressing down into the metate. The repeated flexion and extension of the upper arms in 

this position stresses the acromioclavicular and sternoclavicular ligaments as they resist 

displacement of these joints. It is suggested here that the intensity and duration of com 

grinding is likely related to the greater relative robusticity of these attachments among 

women. As discussed in Chapter 3, ethnographic observations document grinding as a 

daily and omnipresent activity for women. Significantly, there is also an age related 

pattem associated with all three ligaments: young women exhibit the same degree of 

robusticity as old women. As occurred with young males for the common flexor muscles. 
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the normal age-progressive robusticity increase does not occur among women for these 

clavicular ligaments. Among males, robusticity in these ligaments increases steadily with 

age. Ethnographers of the historic Pueblos note that young women begin to grind com 

when they are initiated (see Chapter 3), and it seems likely that from that point on 

grinding is performed frequently, and as often as many hours on a daily basis. The results 

listed in Table 6.103 show that femaleness is correlated to robusticity for the teres major 

and coracobrachialis muscle attachments on the hvimerus. Since these muscles are both 

adductors of the shoulder, it is possible that they are activated to a significant degree in 

the backwards motion of grinding, drawing the shoulders back to the sides. However, the 

regression results indicate that age for both sexes is the most important predictive factor 

in robusticity of these muscles (more important than femaleness), and so the results for 

these muscles are not as compelling as the evidence for clavicular ligament robusticity. 

Other muscles where women are differentially robust are implicated in types of 

movement associated with the stages of pottery production. As noted in the discussion 

of asymmetry above, the pronator muscles (pronator teres and quadratus) responsible for 

rotating the palm and wrist and the brachialis and brachioradialis muscles that flex the 

forearm are activated during clay manipulation - kneading, removing particles, and 

coiling of pots. Types of food preparation also involve such movements of the wrist -

husking and shelling com and kneading dough, for example. In fact, most of the 

household tasks identified in Chapter 3, including pruning and gardening, washing, and 

cooking tend to involve the forearm and wrist - focused movements of pronation and 

flexion. An original expectation of the study was that the suite of wrist-focused 
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development of these muscles relative to males, and these results are consistent with that 

hypothesis. For the pronator teres and brachioradiahs attachments on the humerus, young 

women exhibit the same degree of robusticity as older women, suggesting intensive 

participation in labor involving these wrist focused movements at a young age. Young 

men, on the other hand, are significantly less robust than older men for these muscles. 

The final group of muscles where women are particularly robust are those 

responsible for movement in the first and fifth metacarpals (thumb and little finger). As 

listed in Table 7.3, the abductor and adductor pollicis are responsible for extending the 

thumb and bringing it into opposition with the center of the palm and fingers. The 

opponens digiti minimi brings the little finger into opposition with the thumb. This 

movement is necessary for a suite of activities in finishing a pot where an instrument is 

clasped between the thumb and fingers, such as a scraper, a polishing stone, or a 

paintbrush. Descriptions of these activities in the ethnographic literature characterize 

them and habitual and time consuming, and the greater relative robusticity of these 

muscles among women is consistent with that representation. 

Muscle Measures with no Sex Difference in Robusticity 

Some of the variables describing muscle attachment sites exhibited no sex 

difference in development, suggesting that for those measurements, women and men are 

roughly the same size. Specifically, there was not a significant correlation between one 

sex or the other and increasing robusticity in either a metric measurement of an MSM or 
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a robusticity score. In all of these cases, age is correlated to greater robusticity. These 

cases are not easily attributable to activity performance - for example, they are not 

indicative of areas of overlap in labor, but rather are interpreted as measures that are more 

sensitive to age differences than sex differences. However, these results may be seen as 

bolstering the reliability of the statistical and visual scoring methods in the face of the 

ever-present challenge of controlling for sexual dimorphism. For example, MSM sites 

that exhibited greater male robusticity were all measured metrically (e.g., epicondylar 

breadth, superior-inferior diameter of the medial epicondyle). Since increasing bone size 

in any dimension is highly correlated to maleness, the likelihood of any metric 

measurement being correlated to maleness is very high. As discussed above, ranking of 

standardized partial regression coefficients was used in such cases to determine the 

relative importance of size and maleness. However, the presence of two metrically 

measured MSM sites - the diameter of the costoclavicular ligament (CCL) and the width 

of the pronator teres - (Table 7.4) where maleness is not correlated to increasing values 

(the values are about the same for both sexes) indicates that metric measurements will not 

vary according to maleness in every instance - that the overall larger bone size of men 

does not completely mask the influence of activity stress. For example, the distribution of 

right and left CCL diameters for men and women shown in Figure 7.2 demonstrate that 

the median values of robusticity are about the same for both sexes, and on the left side 

females have a greater range of higher scores. This is consistent with the symmetry (and 

thus greater relative use of the left arm) exhibited in women for other measures of the 

CCL 
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While the MSMs exhibiting greater male robusticity were all measured 

metrically, the MSMs exhibiting greater female robusticity were all measured using 

visual scoring criteria (robusticity scores). As discussed above, one of the fiindamental 

problems with visual robusticity scores is the perceptual issue that the rugged, distinctive 

musculoskeletal stress markers may tend to appear larger when they are situated on a 

small bone. However, given that multiple sites evaluated with robusticity scores (Table 

7.4) exhibited no sex difference, it is clear that this perceptual challenge does not affect 

scoring in every case. In general, the development of methods for quantifying muscle 

attachment sites that are not susceptible to differences in body size is an ongoing 

challenge for bioarchaeologists. 

Gender Roles in the Pueblo IV Period Southwest 

Archaeological investigations of gender in Pueblo IV period villages have alluded 

to evidence that the sexual division of labor was not only present, but socially meaningfiil 

at multiple scales. The use of space at the village and household levels suggests that 

women and men not only performed different tasks, but that such performance could not 

even occupy the same space - gendered tasks had to be physically separated, and in some 

cases were not observed by members of the opposite sex. This gendered socio-spatial 

organization was so marked historically that ethnographers suggested that is caused 

interpersonal distance and lack of communication and affection between members of the 

opposite sex (Chapter 3). A major goal of this study was to determine if the marked 

sexual divisions suggested by material culture distributions and ethnographic analogy 
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was actually experienced and habitually performed by village inhabitants, or if the 

symbolic and cultural distinctions were meaningful regardless of actual practice. The 

musculoskeletal evidence produced by this study strongly suggests that the division of 

labor considerably affected the skeletal body throughout the adult lives of most 

individuals. The skeletal morphological differences point to a rigid division of labor, with 

little flexibility or personal agency in choosing the type of labor one prefers to perform. 

Thus the division of labor was expressed and reinforced in virtually every dimension that 

contained meaning - symbolically, in ritual and ceremonial life, in the spaces they 

occupied, and in bodily experience. The simultaneous reification of gender dualism at all 

of these scales is the essence of social reproduction. 

Given that the sexual division of labor was indeed rigid, what does this division 

mean for the experience of women in this community? Crown (2000), for example, has 

proposed that sexually divided labor organization does not necessarily adversely affect 

women's status, and women's labor might be viewed by community members as 

complementary to men's labor, in some cases resulting in "parallel status hierarchies" 

(Crown 2000). Although it is exceedingly difficult to quantify an emic concept of status 

in prehistory, some objective criteria that focus on heath and access to resources are 

arguably relevant to questions of status. Working from that assumption, the rigidly 

defined sex roles evident from the musculoskeletal signatures at Grasshopper Pueblo 

appear to constitute a form of exploitation, not complementarity. Women are clearly 

excluded from large game hunting, and likely spend an excessive amount of time in food 

processing (of com, in particular) that feeds and benefits community members of both 
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sexes. Although this may not be the case in all Pueblo IV period villages, at Grasshopper 

there is significant evidence that women's exclusion from hunting activities and 

confinement to the realm of com processing precluded access to meat. Ezzo's (1991, 

1993) bone chemistry analysis of the Grasshopper skeletal collection concluded that 

women suffered from severe dietary stress stemming from a lack of meat in the diet, but 

that men consumed adequate levels of protein. The high mortality rate of women at the 

pueblo was associated with this dietary stress, and directly related to an inability within 

the constraints of the sexually structured organization of labor to acquire and consume 

adequate amounts of protein. While women's labor provided food for the entire 

commimity, men's labor provided food for men. Status could hardly be described as 

"complementary" under such conditions. Whittlesey (1978,1999) and Whittlesey and 

Reid (2001) have proposed the existence of all-male ritual society organization at the 

pueblo through interpretation of the nature and diversity of funerary objects. Based on 

their model, not only are women excluded from society membership that presumably 

guided decision making at the pueblo, but the graves of women were significantly less 

elaborate than those of men. In many ways, the graves of women were similar to those of 

children, who may have not yet achieved full "personhood" as initiated members of the 

community. Thus, the rigid division of labor in this community and the restriction of 

women to certain realms of activity performance were tangibly detrimental to their health 

and well being. 

Much attention has been paid in the archaeological literature to the nature of 

power and social organization in the prehistoric Pueblos. Grasshopper in particular was 
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long embroiled in the ranked-versus-egalitarian debate with respect to socio-political 

organization, and the main players consistently argued that ritual society membership was 

basically an egalitarian system — no real political-economic system of ranking, such as 

classes, existed. It seems more accurate to say that a true class system did not exist 

among men. When a group of people are institutionally subjected to economic 

exploitation, meaningful social ranking is occurring. The possibilities for women's labor 

and thus access to necesseiry resources are circumscribed, and the conditions of 

exploitation are continually reproduced. It is a dark testimony to the andocentric nature of 

anthropological scholarship that gendered social ranking and the experience of women as 

a lower social class has not been consistently viewed as a genuine or significant form of 

social, political, or economic ranking. 

Social power is understood in this study as implicit in the restriction of 

community members into particular social roles, and thus exploitation can be measured 

by the level of flexibility of the system with respect to those roles. Given the 

bioarchaeological evidence presented here, the regulation of gendered labor in this 

commimity was markedly inflexible, and continually reproduced at multiple social scales. 

It is hoped that the integration of bioarchaeological evidence with other forms of 

archaeological knowledge contributes a useful dimension to archaeological studies of 

gender in the Greater Southwest. 
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Table 7.1. Muscles and Ligaments Characterized by Male Asymmetry and Female 
Symmetry 

SHOULDER AND BONES ACTIONS 
UPPER ARM 
Deltoid Clavicle and Humerus Abduction, flexion/extension, 

medial/lateral rotation 
Pectoralis Major Humerus Adduction and medial rotation 
Latissimus Dorsi Humerus Adduction, medial rotation, extension 
Teres Major Humerus Adduction, medial rotation, extension 
Coracobrachialis Humerus Adduction and Flexion 
Costoclavicular Clavicle Stabilization of chest - anchors the 
Ligament clavicle to the costal cartilage 
Trapezoid Ligament Clavicle Stabilization of shoulder - anchors 

lateral clavicle to scapula 
ELBOW AND BONES ACTIONS 
LOWER ARM 
Common Flexors Humerus Flexion of the elbow 
Biceps Radius Flexor and Supinator of Forearm (Also 

assists in abduction/adduction) 
Triceps Humerus Forearm extensor (Can also adduct) 
Brachialis Ulna Major Flexor of Elbow 
Pronator Quadratus Ulna Pronation (pulls radius across the ulna) 
Pronator Teres Radius Major forearm pronator, also flexes at 

the elbow 
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Table 7.2. Muscles Characterized by Male Robusticity 

MUSCLE BONES ACTION 
Deltoid Clavicle, humerus Abduction, 

flexion/extension, 
medial/lateral rotation 

Common flexor Humerus Flexion of the elbow 
Biceps Radius Flexor and Supinator of 

Forearm (Also assists in 
abduction/adduction 

Supinator Ulna Supination of forearm 

Table 7.3. Muscles and Ligaments Characterized by Female Robusticity 

MUSCLE/LIGAMENT BONES ACTION 
Costoclavicular Ligament Clavicle Stabilization of chest -

anchors the clavicle to the 
costal cartilage 

Conoid Ligament Clavicle Stabilize acromioclavicular 
Joint 

Trapezoid Ligament Clavicle Stabilization of shoulder -
anchors lateral clavicle to 
scapula 

Pronator Teres Humerus, Radius Major forearm pronator, 
also flexes at the elbow 

Pronator Quadratus Ulna Pronation (pulls radius 
across the ulna) 

Abductor Pollicis Longus First Metacarpal Abducts and extends thumb 
Adductor Pollicis 
(Transverse Head) 

Third Metacarpal Draws thumb to palm, 
medial rotation 

Opponens Digiti Minimi Fifth Metacarpal Draws little finger to thumb 
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Table 7.4. Muscles Characterized by no Sex Difference in Robusticity 

MSM BONES 
Costoclavicular Ligament Diameter Clavicle 
(Metric) 
Width of Pronator Teres (Metric) Radius 
Deltoid Robusticity Score Clavicle and Humerus 
Sternocleidomastoid Robusticity Score Clavicle 
Biceps Robusticity Score Radius 
Opponens Pollicis Robusticity Score First Metacarpal 



385 

APPENDIX A 

Muscle Attachment Scoring Criteria^: 

CLAVICLE ATTACHMENTS 

Deltoid: Attachment site is on the lateral 1/3 of clavicle, anterior side. The deltoid origin usually 
presents as an elevation of bone, occasionally accompanied by a shallow furrow, distinct from the 
surrounding cortex. 

Maximum Length of Deltoid: distance from the medial extent to the lateral extent of the deltoid 
origin. Origin boundaries are the points at which the normal cortical bone exhibits an elevation or 
depression, apparent to the touch and through visual observation. Instrument: sliding calipers. 
Tips of calipers should be placed at the medial and lateral extent of the attachment, at the points 
where normal cortical bone interfaces with the origin site. 

Maximum Width of Deltoid: distance from the superior to the inferior extent of deltoid origin. 
Instrument: Sliding caliper. Attachment boundaries should be determined as described above. 

Robusticity Score, Deltoid: 

0: Absent 

R1: Faint; presence of attachment site is apparent to the touch as a slight elevation or fiirrow into 
the cortex. 

R1.5: Small deposits of bone are evident within the area of the attachment site; lipping at 
attachment site margins. 

R2: Moderate; Cortical surface is uneven, mound-shaped elevation is easily observable. Deposits 
of bone and/or furrows are present within attachment site. No distinct crests, ridges or fiirrows 
over .5 mm in height or depth are present. 

R2.5: Characteristics described for R2 are present; crests, ridges, or furrows are .5-1.5mm in 
height or depth. 

R3: Strong; Distinct formation of crests, ridges, or furrows 1.5-2.5mm in height or depth. 

R3.5: Very strong; Distinct formation of crests, ridges or furrows in excess of 2.5mm in height or 
depth. 

^ Note: Robusticity scoring criteria follow the same basic pattern for all muscle attachment sites, derived 
from Hawkey and Merbs (1995). However, the content of each criterion varies according to particular 
muscle attachment sites. Stress lesion scoring is standard unless otherwise indicated. Stress lesion criteria 
are listed at the end of this document. 
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Note: No stress lesion scores are recorded for the deltoid origin on the clavicle. This attachment 
site is often characterized by furrows or pitting into the cortex that accompanies the formation of 
crests or ridges of bone. Aspects of stress lesion scoring have been incorporated into the 
robusticity scores for this attachment site. 

Costoclavicular Ligament: The costoclavicular ligament attachment site is on the medial end of 
the clavicle, inferior side. The attachment is usually apparent as an oval or triangular shaped 
rugged elevation of bone from the surrounding normal cortical bone. 

Maximum Diameter at Costoclavicular Ligament: Greatest diameter of clavicle at the 
costoclavicular ligament site. Instrument: Sliding caliper. Measurement should be taken below 
the epiphysial line and capsule attachment, avoiding the attachment for the sternocleidomastoid 
opposite on the superior side of the clavicle. 

Maximum Length of Costoclavicular Ligament: distance from the medial extent to the lateral 
extent of the costoclavicular ligament. Instrument: Sliding caliper. Caliper tips should be placed 
at the medial and lateral attachment boundaries, where the distinguishable attachment site meets 
the normal cortex. The elevation of the costoclavicular ligament attachment from the cortical 
bone is usually apparent to the touch. 

Maximum Width of Costoclavicular Ligament: distance from the anterior to the posterior 
boundaries of the costoclavicular ligament. Instrument: Sliding caliper. Ligament boundaries 
should be determined as described above. 

Robusticity Score, Costoclavicular Ligament: 

0: Absent 

R1: Faint; cortex is slightly rounded. Elevation of attachment from the surrounding cortex is 
apparent to the touch, but not readily visually observable. 

R1.5: Small deposits of bone are evident within the area of the attachment site; lipping at 
attachment site margins. 

R2: Moderate; Cortical surface is uneven, mound-shaped elevation is easily observable. Deposits 
of bone are present within attachment site. No distinct crests or ridges over .5 mm in height are 
present. 

R2.5: Characteristics described for R2 are present; crests or ridges are .5-1.5mm in height. 

R3: Strong; Distinct formation of crests or ridges 1.5-2.5mm in height. 

R3.5: Very sfrong; Distinct formation of crests or ridges in excess of 2.5mm in height. 



387 

Pectoralis Major: The attachment site for the pectoralis major is across the anterior surface of 
the medial half of the clavicle, extending partially onto the inferior and posterior surfaces. 

Robusticity Score, Pectoralis Major: 

0: Absent 

Rl:  Faint ;  cortex is  s l ightly rounded.  Elevation of  at tachment from the surrounding cortex is  
apparent to the touch, but not readily visually observable. 

Rl .5 ; Small deposits of bone are evident within the area of the attachment site. 

R2: Moderate; Cortical surface is uneven, mound-shaped elevation is easily observable. Deposits 
of bone are present within attachment site. No distinct crests or ridges over .5 mm in height are 
present. 

R2.5: Characteristics described for R2 are present; crests or ridges are .5-1.5mm in height. 

R3: Strong; Distinct formation of crests or ridges 1.5-2.5mm in height. 

R3.5; Very strong; Distinct formation of crests or ridges in excess of 2.5mm in height. 

Trapezius: The attachment site for the trapezius is on the lateral end of the clavicle, posterior 
side. It is usually a rugged area, easily distinguishable from normal cortex. 

Maximum Diameter of Trapezius: distance from the superior to inferior boundaries of the 
attachment area for the trapezius. Instrument: Sliding caliper. Boundaries of trapezius are evident 
where the normal cortex meets the noticeably roughened area on the lateral extent of the clavicle. 

Robusticity Score, Trapezius: 

0: Absent 

Rl;  Faint ;  cortex is  s l ightly rounded.  Elevation of  at tachment from the surrounding cortex is  
apparent to the touch, but not readily visually observable. 

Rl .5: Small deposits of bone are evident within the area of the attachment site; specifically, there 
is lipping around the posterior and inferior margins of the attachment. 

R2: Moderate; Cortical surface is uneven, mound-shaped elevation is easily observable. Deposits 
of bone are present within attachment site. No distinct crests or ridges over .5 mm in height are 
present. 

R2.5: Characteristics described for R2 are present; crests or ridges are .5-1.5mm in height. 

R3: Strong; Distinct formation of crests or ridges 1.5-2.5mm in height. 

R3.5: Very strong; Distinct formation of crests or ridges in excess of 2.5mm in height. 
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Trapezoid Ligament: The attachment site for the trapezoid ligament is on the lateral end of the 
clavicle, inferior side. The attachment site is usually a flat, roughened, circular area. 

Robusticity Score, Trapezoid Ligament: 

0; Absent 

R1; Faint; cortex is slightly rough in area of attachment as apparent to the touch, but not readily 
visually observable. 

R1.5: Small deposits of bone are observable within the area of the attachment site. 

R2: Moderate; Cortical surface is clearly uneven, rough deposits of bone are visible within 
attachment site. No distinct crests or ridges over .5 mm in height are present. 

R2.5: Characteristics described for R2 are present; crests or ridges are .5-1.5mm in height. 

R3: Strong; Distinct formation of crests or ridges 1.5-2.5mm in height. 

R3.5: Very strong; Distinct formation of crests or ridges in excess of 2.5mm in height. 

Conoid Ligament: The conoid ligament or tubercle is on the lateral 1/3 of the clavicle, on the 
posterior-inferior side. It is opposite the deltoid origin on the anterior side. 

Maximum Diameter at Conoid: greatest diameter of the clavicle at the conoid tubercle. 
Instrument: Sliding caliper. The calipers should span the anterior-posterior diameter of the 
clavicle at the point of greatest development of the conoid tubercle. 

Robusticity Score, Conoid Ligament: 

0: Absent 

Rl:  Faint ;  cortex is  s l ightly rounded.  Elevation of  at tachment from the surrounding cortex is  
apparent to the touch, but not readily visually observable. 

R1.5; Small deposits of bone are evident within the area of the attachment site. 

R2: Moderate; Cortical surface is uneven, mound-shaped elevation is easily observable. Deposits 
of bone are present within attachment site. No distinct crests or ridges over .5 mm in height are 
present. 

R2.5: Characteristics described for R2 are present; crests or ridges are .5-1.5mm in height. 

R3: Strong; Distinct formation of crests or ridges 1.5-2.5mm in height. 

R3.5: Very strong; Distinct formation of crests or ridges in excess of 2.5mm in height. 
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Sternocleidomastoid: The attachment site for the sternocleidomastoid is on the medial end of 
the clavicle, superior side, opposite the costoclavicular ligament on the inferior side. It is often 
not distinguishable fi-om the surrounding cortical bone. 

Robusticity Score, Sternocleidomastoid: 

0: Absent 

R1; Faint ;  cortex is  s l ightly rounded,  or  sl ightly depressed.  Elevation or  depression of  bone from 
the surrounding cortex is apparent to the touch, but not easily observable. 

R1.5: Small deposits of bone are evident within the area of the attachment site. 

R2: Moderate; Cortical surface is uneven, mound-shaped elevation is easily observable. Deposits 
of bone are present within attachment site. No distinct crests or ridges over .5 mm in height are 
present. 

R2.5: Characteristics described for R2 are present; crests or ridges are .5-1.5mm in height. 

R3: Strong; Distinct formation of crests or ridges 1.5-2.5mm in height. 

R3.5: Very strong; Distinct formation of crests or ridges in excess of 2.5mm in height. 
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SCAPULA ATTACHMENTS 

Deltoid: The attachment site for the deltoid is on the posterior-lateral side of the acromion 
process. It presents as a rugged area of bone extending from the acromion down the inferior 
portion of the spine. 

Robusticity Score, Deltoid: 

Rl: Faint; elevation of bone from the surrounding cortex is apparent to the touch, but not readily 
visually observable. 

Rl .5: Small deposits of bone are evident within the area of the attachment site. 

R2; Moderate; Cortical surface is uneven, and undulating crests of bone along the acromion are 
easily observable. Deposits of bone are present within attachment site. Crests and ridges do not 
exceed 1 mm in height. 

R2.5; Characteristics described for R2 are present; crests or ridges are l-2mm in height. 

R3: Strong; Distinct formation of crests or ridges 2-3 mm in height. 

R3.5: Very strong; Distinct formation of crests or ridges in excess of 3mm in height. 

Trapezius: The attachment site for the trapezius is on the anterior-lateral side of the acromion 
process. The site is adjacent to the articulation of the acromion and the lateral end of the clavicle. 
When the clavicle and scapula are articulated, the attachment area for the trapezius is continuous. 
It usually appears as a narrow ridge of bone below the articular surface of the clavicle and 
scapula. 

Robusticity Score, Trapezius: 

0: Absent 

Rl; Faint; An elevated ridge of bone is palpable from the surrounding cortex, but not easily 
visually observable. 

Rl .5: Small deposits of bone are evident within the area of the attachment site in the form of 
lipping at the margins of the attachment. 

R2: Moderate; Cortical surface is uneven, ridge or crest is easily observable. Deposits of bone are 
present within attachment site. No distinct crests or ridges over 1 mm in height are present. 

R2.5: Characteristics described for R2 are present; crests or ridges are l-2mm in height. 

R3: Strong; Distinct formation of crests or ridges 2-3 mm in height. 

R3.5: Very strong; Distinct formation of crests or ridges in excess of 3mm in height. 
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Triceps/Long Head: The attachment site for the long head of the triceps is inferior to the glenoid 
cavity on the lateral side of the scapula. It usually appears as a crest or ridge extending below the 
glenoid. 

Robusticity Score, Long Head of Triceps: 

0: Absent 

R1; Faint; An elevated ridge of bone is palpable from the surrounding cortex, but not easily 
visually observable. 

R1.5: Small deposits of bone are evident within the area of the attachment site in the form of 
lipping at the margins of the attachment. 

R2: Moderate; Cortical surface is uneven, ridge or crest is easily observable. Deposits of bone are 
present within attachment site. No distinct crests or ridges over 1 mm in height are present. 

R2.5: Characteristics described for R2 are present; crests or ridges are l-2mm in height. 

R3: Strong; Distinct formation of crests or ridges 2-3mm in height. 

R3.5: Very strong; Distinct formation of crests or ridges in excess of 3mm in height. 

Serratus Anterior: The attachment site for the serratus anterior is on the inferior angle of the 
anterior side of the scapula. It usually appears as a mounded elevation from the surrounding bone. 

Maximum Diameter of Serratus Anterior: maximum distance from the inferior-most point on the 
inferior angle to the superior extent of the serratus anterior. Instrument: Sliding caliper. 

Robusticity Score, Serratus Anterior: 

0: Absent 

R1: Faint; An elevated ridge of bone is palpable from the surrounding cortex, but not easily 
visually observable. 

R1.5: Small deposits of bone are evident within the area of the attachment site in the form of 
lipping at the margins of the attachment. 

R2: Moderate; Cortical surface is uneven, ridge or crest is easily observable. Deposits of bone are 
present within attachment site. No distinct crests or ridges over 1 mm in height are present. 

R2.5: Characteristics described for R2 are present; crests or ridges are l-2mm in height. 

R3: Strong; Distinct formation of crests or ridges 2-3mm in height. 

R3.5: Veiy strong; Distinct formation of crests or ridges in excess of 3mm in height. 
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HUMERUS ATTACHMENTS 

Deltoid: The attachment site for the deltoid (the deltoid tuberosity) is on the lateral surface of the 
middle of the shaft of the humerus. It is "V" shaped in appearance. The anterior-most portion of 
the "V" may appear continuous with the attachment for the pectoralis major, which extends 
towards the greater tubercle. 

Maximum Diameter at Deltoid: maximum diameter of the humerus at the point of greatest 
development of the deltoid tuberosity. Instrument: Sliding caliper. This measurement should be 
taken near the base of the "V" where the two prongs of the attachment meet towards the distal 
end of the humerus. 

Maximum Length of Deltoid: maximum distance from the distal extent of the deltoid attachment 
to the proximal extent. Instrument: Sliding caliper. The distal boundary of the deltoid is at the 
base of the "V" where the two prongs of the attachment meet. The proximal boundary should be 
measured at the extent of the lateral-most prong of the "V" that is NOT continuous with the 
attachment for the pectoralis major. 

Maximum Width of Deltoid: maximum distance across the anterior-posterior extent of the deltoid 
tuberosity. Instrument; Sliding caliper. This measurement should span the two prongs of the "V" 
shaped attachment at the broadest extent of the mouth of the "V". 

Robusticity Score, Deltoid: 

0: Absent 

Rl: Faint; cortex is slightly rounded. Elevation of attachment from the surrounding cortex is 
apparent to the touch, but no formation of distinct crests or ridges is evident. 

Rl .5: Small deposits of bone are evident within the area of the attachment site; lipping can be 
observed at attachment site margins. 

R2; Moderate; Cortical surface is uneven, mound-shaped elevation is easily observable. Deposits 
of bone are present within attachment site. No distinct crests or ridges over 1 mm in height are 
present. 

R2.5: Characteristics described for R2 are present; crests or ridges are l-2mm in height. 

R3: Strong; Distinct formation of crests or ridges 2-3mm in height. 

R3.5: Very strong; Distinct formation of crests or ridges in excess of 3mm in height. 
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Coracobrachialis: the attachment site for the coracobrachialis is on the medial surface of the 
midshaft of the humerus, opposite the deltoid tuberosity. 

Robiisticity Score, Coracobrachialis: 

0: Absent 

Rl: Faint; cortex is slightly rounded. Elevation of attachment from the surrounding cortex is 
apparent to the touch, but no formation of distinct crests or ridges is evident. 

R1.5: Small deposits of bone are evident within the area of the attachment site; lipping can be 
observed at attachment site margins. 

R2; Moderate; Cortical surface is uneven, mound-shaped elevation is easily observable. Deposits 
of bone are present within attachment site. No distinct crests or ridges over 1 mm in height or 
width are present. 

R2.5: Characteristics described for R2 are present; crests or ridges are l-2mm in height or width. 

R3: Strong; Distinct formation of crests or ridges 2-3mm in height or width. 

R3.5: Very strong; Distinct formation of crests or ridges in excess of 3mm in height or width. 

Lateral Head of Triceps: the attachment site for the lateral head of the triceps is on the proximal 
V2 of the humerus, near midshaft, posterior side. It is adjacent and slightly superior to the deltoid. 

Robusticity Score, Lateral Head of Triceps: 

0: Absent 

Rl: Faint; cortex is slightly rounded. Elevation of attachment fi-om the surrounding cortex is 
apparent to the touch, but no formation of distinct crests or ridges is evident. 

R1.5: Small deposits of bone are evident within the area of the attachment site; lipping can be 
observed at attachment site margins. 

R2; Moderate; Cortical surface is uneven, mound-shaped elevation is easily observable. Deposits 
of bone are present within attachment site. No distinct crests or ridges over 1 mm in height or 
width are present. 

R2.5: Characteristics described for R2 are present; crests or ridges are l-2mm in height or width. 

R3; Strong; Distinct formation of crests or ridges 2-3mm in height or width. 

R3.5: Very strong; Distinct formation of crests or ridges in excess of 3mm in height or width. 
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Pectoralis Major: The attachment site for the pectoraHs major is on the proximal 1/3 of the 
humerus, anterior side, on the lateral lip of the intertubecular groove. The pectoralis major inserts 
on the crest extending distally from the greater tubercle. The attachment site extends distally 
down the shaft and may appear continuous with a portion of the deltoid tuberosity. Under 
magnification, it is usually possible to distinguish a break between the pectoralis major and the 
deltoid insertions. 

Maximum Length of Pectoralis Major: maximum distance between the proximal extent and distal 
extent of the attachment site for the pectoralis major. Instrument: Sliding caliper. The proximal 
boundary of the pectoralis major is usually discemable near the middle of the greater tubercle, on 
the lateral side of the intertubecular groove. The distal boundary extends towards the deltoid 
tuberosity. 

Maximum Width of Pectoralis Major: maximum distance between the lateral and medial 
boundaries of the pectoralis major attachment. Instrument: Sliding caliper. Measurement should 
not include the width of the intertubecular groove; only the crest descending from the greater 
tubercle should be measured. 

Robusticity Score, Pectoralis Major: 

0: Absent 

R1: Faint; cortex is slightly rounded. Elevation of attachment from the surrounding cortex is 
apparent to the touch, but no formation of distinct crests or ridges is evident. 

R1.5: Small deposits of bone are evident within the area of the attachment site; lipping can be 
observed at attachment site margins. 

R2: Moderate; Cortical surface is uneven, crested elevation is easily observable. Deposits of bone 
are present within attachment site. No distinct crests or ridges over 1 mm in height are present. 

R2.5: Characteristics described for R2 are present; crests or ridges are l-2mm in height. 

R3; Strong; Distinct formation of crests or ridges 2-3 mm in height. 

R3.5: Very strong; Distinct formation of crests or ridges in excess of 3mm in height. 
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Latissimus dorsi: the attachment site for the latissimus dorsi is on the proximal 1/3 of the 
humerus, anterior side, on the floor of the intertubecular groove and on the crest descending from 
the lesser tubercle. Under magnification it is usually possible to distinguish this site from the 
adjacent attachment for the teres major. 

Robidsticity Score, Latissimus dorsi: 

0; Absent 

Rl: Faint; cortex is slightly roughened within the intertubecular groove. No formation of distinct 
crests or ridges is evident. 

Rl .5: Small deposits of bone are evident within the groove and extending proximally onto the 
crest of the lesser tubercle. 

R2: Moderate; Elevation of bone within the groove is easily observable and a low ridge of bone 
connects with the lesser tubercle. No distinct crests or ridges over 1 mm in height or width are 
present. 

R2.5: Characteristics described for R2 are present; crests or ridges are l-2mm in height or width. 

R3; Strong; Distinct formation of crests or ridges 2-3mm in height or width. 

R3.5: Very strong; Distinct formation of crests or ridges in excess of 3mm in height or width. 

Teres major: the attachment site for teres major is on the proximal 1/3 of the humerus, anterior 
side, on the medial lip of the intertubecular groove. This attachment is adjacent to latissimus 
dorsi, which in on the floor on the groove. While both attachments extend proximally towards the 
lesser tubercle, they are usually separated distally towards midshaft. 

Robusticity Score, Teres Major: 

0; Absent 

Rl: Faint; cortex is slightly rounded. Elevation of attachment from the surrounding cortex is 
apparent to the touch, but no formation of distinct crests or ridges is evident. 

R1.5: Small deposits of bone are evident within the area of the attachment site; lipping can be 
observed at attachment site margins. 

R2: Moderate; Cortical surface is uneven, mound-shaped elevation is easily observable. Deposits 
of bone are present within attachment site. No distinct crests or ridges over 1 mm in height or 
width are present. 

R2.5: Characteristics described for R2 are present; crests or ridges are l-2mm in height or width. 

R3: Strong; Distinct formation of crests or ridges 2-3mm in height or width. 
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R3.5: Very strong; Distinct formation of crests or ridges in excess of 3mm in height or width. 

Brachioradialis: the attachment site for the brachioradialis is on the distal 1/3 of the humerus, 
lateral side. It inserts on the proximal portion of the supracondylar ridge and the lateral 
intermuscular septum. 

Robusticity Score, Brachioradialis: 

0: Absent 

R1: Faint; proximal portion of supracondylar ridge is slightly elevated to the touch. No formation 
of distinct crests or ridges is evident. 

R1.5: Small deposits of bone are evident within the area of the attachment site; lipping can be 
observed at proximal supracondylar margin. 

R2: Moderate; Proximal supracondylar ridge is easily observable. Distinct deposits of bone are 
present within attachment site. Crests or ridges do not exceed 1 mm in height. 

R2.5: Characteristics described for R2 are present; crests or ridges are l-2mm in height. 

R3: Strong; Distinct formation of crests or ridges 2-3 mm in height. 

R3.5: Very strong; Distinct formation of crests or ridges in excess of 3mm in height. 

Extensor Carpi Radialis Longus: the attachment site for the extensor carpi radialis longus is on 
the distal end of the humerus, lateral side, on the distal portion of the lateral supracondylar ridge 
and lateral intermuscular septum. 

Robusticity Score, Extensor Carpi Radialis Longus: 

0: Absent 

Rl: Faint; distal portion of supracondylar ridge is slightly elevated to the touch. No formation of 
distinct crests or ridges is evident. 

R1.5: Small deposits of bone are evident within the area of the attachment site; lipping can be 
observed at distal supracondylar margin. 

R2: Moderate; distal supracondylar ridge is easily observable. Distinct deposits of bone are 
present within attachment site. Crests or ridges do not exceed 1 mm in height. 

R2.5: Characteristics described for R2 are present; crests or ridges are l-2mm in height. 

R3: Strong; Distinct formation of crests or ridges 2-3 mm in height. 

R3.5: Veiy strong; Distinct formation of crests or ridges in excess of 3mm in height. 
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Common Extensor Origin: the attachment site for the common extensors is on the lateral 
epicondyle of the distal humerus. 

Robusticity Score, Common Extensor Origin: 

0: Absent 

R1: Faint; lateral epicondyle is rounded but fairly smooth. 

R1.5: Small, bumpy elevations of bone are apparent to the touch across the surface of the lateral 
epicondyle. 

R2: Moderate; bone is elevated or mounded on the epicondyle. Distinct deposits of bone are 
present within attachment site. Crests or ridges do not exceed 1 mm in height. 

R2.5: Characteristics described for R2 are present; crests or ridges are l-2mm in height. 

R3: Strong; Distinct formation of crests or ridges 2-3mm in height. 

R3.5: Veiy strong; Distinct formation of crests or ridges in excess of 3mm in height. 

Anconeus: the attachment site for the anconeus is on the lateral epicondyle of the distal humerus, 
posterior to the common extensor origin. 

Robusticity Score, Anconeus: 

0: Absent 

R1: Faint; cortex is slightly rounded. Elevation of attachment from the surrounding cortex is 
apparent to the touch, but no formation of distinct crests or ridges is evident. 

R1.5: Small deposits of bone are evident within the area of the attachment site; lipping can be 
observed at attachment site margins. 

R2: Moderate; Cortical surface is uneven, mound or ridge shaped elevation is easily observable. 
Deposits of bone are present within attachment site. No distinct crests or ridges over 1 mm in 
height or width are present. 

R2.5: Characteristics described for R2 are present; crests or ridges are l-2mm in height or width. 

R3: Strong; Distinct formation of crests or ridges 2-3mm in height or width. 

R3.5: Very strong; Distinct formation of crests or ridges in excess of 3mm in height or width. 
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Pronator Teres; the attachment site for the pronator teres is immediately superior to the common 
flexor origin on the medial epicondyle of the distal humerus. 

Robmticity Score, Pronator Teres: 

0: Absent 

R1: Faint; attachment area is slightly elevated to the touch. No formation of distinct crests or 
ridges is evident. 

R1.5: Small deposits of bone are evident within the area of the attachment site; lipping on 
attachment margin. 

R2: Moderate; ridge or crest is easily observable. Distinct deposits of bone are present within 
attachment site. Crests or ridges do not exceed 1 mm in height. 

R2.5: Characteristics described for R2 are present; crests or ridges are l-2mm in height. 

R3: Strong; Distinct formation of crests or ridges 2-3 mm in height. 

R3.5; Very strong; Distinct formation of crests or ridges in excess of 3mm in height. 

Common Flexor Origin: the attachment site for the common flexors is on the medial epicondyle 
of the distal humerus. 

Superior-Inferior Diameter of Common Flexor Origin: distance from the superior to inferior 
boundary of the common flexor origin. Instrument: Sliding caliper. Measure only the surface of 
the flexor origin, avoiding the superior attachment for the pronator teres. 

Medial-Lateral Diameter of Common Flexor Origin: distance from the medial to lateral boundary 
of the common flexor origin. Instrument: Sliding caliper. 

Robusticity Score, Common Flexor Origin: 

0: Absent 

R1: Faint; medial epicondyle is rounded but fairly smooth. 

R1.5: Small, bumpy elevations of bone are apparent to the touch across the surface of the medial 
epicondyle. 

R2: Moderate; bone is elevated or mounded on the epicondyle. Distinct deposits of bone are 
present within attachment site. Crests or ridges do not exceed 1 mm in height. 

R2.5: Characteristics described for R2 are present; crests or ridges are l-2mm in height. 

R3: Strong; Distinct formation of crests or ridges 2-3 mm in height. 
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R3.5: Very strong; Distinct formation of crests or ridges in excess of 3mm in height. 

RADIUS ATTACHMENTS 

Biceps: The tendon of the biceps brachii muscle inserts on the medial margin of the radial 
tuberosity, on the proximal neck of the radius, anterior and medial side. 

Maximum Diameter at Biceps: maximum diameter of radius at the area of greatest development 
of the radial tuberosity. Instrument: Sliding caliper. 

Maximum Length of Biceps: maximum distance between the proximal and distal boundaries of 
the radial tuberosity. Instrument: Sliding caliper. 

Maximum Width of Biceps: maximum distance between the anterior and posterior boundaries of 
the radial tuberosity. Instrument: Sliding caliper. 

Robusticity Score, Biceps: 

O: Absent 

Rl :  Faint ;  the  medial  margin of  the radial  tuberosi ty  is  smooth and essent ia l ly  cont inuous with 
the lateral portion. 

Rl .5: Small deposits of bone are evident on the medial margin of the radial tuberosity; lipping on 
the medial margin. 

R2: Moderate; mound-shaped elevation is easily observable on the medial portion of the 
tuberosity. Distinct deposits of bone are present within attachment site. Crests or ridges do not 
exceed 1 mm in height. 

R2.5: Characteristics described for R2 are present; crests or ridges are l-2mm in height. The 
rugged attachment on the medial portion of the tuberosity extends towards the lateral portion. 

R3: Strong; Distinct formation of crests or ridges 2-3 mm in height. Both medial and lateral 
portions of the tuberosity exhibit mounded, rugged bone growth. 

R3.5: Very strong; Distinct formation of crests or ridges in excess of 3mm in height. 
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Supinator: The supinator inserts onto the lateral, posterior, and anterior surfaces of the proximal 
1/3 of the radius, opposite and distal to the radial tuberosity. 

Robusticity Score, Supinator: 

0: Absent 

Rl ;  Faint ;  a t tachment  area is  s l ight ly  e levated or  rough to  the touch.  No formation of  dis t inct  
crests or ridges is evident. 

R1.5; Small deposits of bone are evident within the area of the attachment site; lipping on 
attachment margin. 

R2: Moderate; ridge or crest or elevated area of bone is easily observable. Distinct deposits of 
bone are present within attachment site. Crests or ridges do not exceed 1 mm in height. 

R2.5: Characteristics described for R2 are present; crests or ridges are l-2mm in height. 

R3: Strong; Distinct formation of crests or ridges 2-3mm in height. 

R3.5: Very strong; Distinct formation of crests or ridges in excess of 3mm in height. 

Pronator Teres: The attachment site for the pronator teres is on the posterior side of the midshaft 
of the radius, oriented slightly closer to the lateral side. 

Maximum Length of Pronator Teres: maximum distance between the proximal and distal 
boundaries of the pronator teres attachment. Instrument; Sliding caliper. 

Maximum Width of Pronator Teres: maximum distance between the medial and lateral 
boundaries of the pronator teres attachment. Instrument: Sliding caliper. 

Robusticity Score, Pronator Teres: 

0: Absent 

Rl :  Faint ;  a t tachment  area is  s l ight ly  e levated or  rough to  the touch.  No formation of  dis t inct  
crests or ridges is evident. 

Rl .5: Small deposits of bone are evident within the area of the attachment site; lipping on 
attachment margin. 

R2: Moderate; ridge or crest or elevated area of bone is easily observable. Distinct deposits of 
bone are present within attachment site. Crests or ridges do not exceed 1 mm in height. 

R2.5; Characteristics described for R2 are present; crests or ridges are l-2mm in height. 

R3: Strong; Distinct formation of crests or ridges 2-3mm in height. 
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R3.5: Very strong; Distinct formation of crests or ridges in excess of 3mm in height. 

Pronator Quadratus: the attachment site for the pronator quadratus is on the anterior medial 
side of the distal 1/3 of the radius. 

Robusticity Score, Pronator Quadratus: 

0; Absent 

Rl ;  Faint ;  a t tachment  area is  s l ight ly  e levated,  rough,  or  bumpy to  the touch.  No signif icant  bone 
formation is evident. 

Rl .5: Small deposits of bone are evident within the area of the attachment site; bumps are 
palpable on the cortex, or slight lipping is present on attachment margin. 

R2; Moderate; elevated or rugged area of bone is easily observable. Distinct deposits of bone are 
present within attachment site. Crests or ridges do not exceed 1 mm in height. 

R2.5: Characteristics described for R2 are present; crests or ridges are l-2mm in height. 

R3 ; Strong; Distinct formation of crests or ridges 2-3mm in height. 

R3.5: Very strong; Distinct formation of crests or ridges in excess of 3mm in height. 

Brachioradialis: the brachioradialis inserts on the lateral surface of the distal end of the radius, 
proximal to the styloid process. 

Robusticity Score, Brachioradialis: 

0: Absent 

Rl :  Faint ;  a t tachment  area is  s l ight ly  e levated,  rough,  or  bumpy to  the touch.  No signif icant  bone 
formation is evident. 

Rl .5 ; Small deposits of bone are evident within the area of the attachment site; bumps are 
palpable on the cortex, or slight lipping is present on attachment margin. 

R2: Moderate; elevated or rugged area of bone is easily observable. Distinct deposits of bone are 
present within attachment site. Crests or ridges do not exceed 1 mm in height. 

R2.5: Characteristics described for R2 are present; crests or ridges are l-2mm in height. 

R3: Strong; Distinct formation of crests or ridges 2-3mm in height. 

R3.5: Very strong; Distinct formation of crests or ridges in excess of 3mm in height. 
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ULNA ATTACHMENTS 

Brachialis: The brachialis muscle inserts on the proximal end of the ulna, anterior side, on the 
ulna tuberosity, distal to the coronoid process. 

Maximum Length of Brachialis: maximum distance between the proximal and distal boundaries 
of the brachialis attachment. Instrument: Sliding caliper. Measurement should be taken from the 
tip of the medial margin of the coronoid process to the distal extent of the ulna tuberosity. 

Maximum Width of Brachialis: maximum distance between the medial and lateral boundaries of 
the brachialis attachment. Instrument: Sliding caliper. Measurement should be taken at the widest 
(proximal) extent of the attachment, below the coronoid process, at the edge of the radial notch. 

Robusticity Score, Brachialis: 

0: Absent 

R1: Faint; attachment area is slightly elevated, rough, or bumpy to the touch. No significant bone 
formation is evident. 

R1.5: Small deposits of bone are evident within the area of the attachment site; bumps are 
palpable on the cortex, or slight lipping is present on attachment margin. 

R2: Moderate; elevated or rugged area of bone is easily observable. Distinct deposits of bone are 
present within attachment site. Crests or ridges do not exceed 1 mm in height. 

R2.5: Characteristics described for R2 are present; crests or ridges are l-2mm in height. 

R3: Strong; Distinct formation of crests or ridges 2-3mm in height. 

R3.5: Veiy strong; Distinct formation of crests or ridges in excess of 3mm in height. 
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Supinator: The supinator attaches to the proximal end of the ulna, lateral side, on the supinator 
fossa and crest adjacent and distal to the radial notch. 

Robusticiiy Score, Supinator: 

0: Absent 

R1; Faint; supinator crest near the radial notch is slightly elevated to the touch. No significant 
bone formation is evident. 

R1.5: Low crests of bone are evident within the area of the attachment site; slight lipping is 
present on attachment margin. Fossa is observable below radial notch but is less than 1 mm in 
depth. 

R2: Moderate; elevated crests or ridges of bone are easily observable. Distinct deposits of bone 
are present within attachment site. Crests or ridges do not exceed 1 mm in height. Fossa is easily 
observable, and over 1mm in depth. 

R2.5: Characteristics described for R2 are present; crests or ridges are l-2mm in height. 

R3: Strong; Distinct formation of crests or ridges 2-3mm in height. 

R3.5: Very strong; Distinct formation of crests or ridges in excess of 3mm in height. 

Pronator Quadratus: The attachment site for the pronator quadratus is on the distal 1/3 of the 
ulna, anterior-medial side. 

Robusticity Score, Pronator Quadratus: 

0: Absent 

R1: Faint; attachment area is slightly elevated, rough, or bumpy to the touch. No significant bone 
formation is evident. 

R1.5 ; Small deposits of bone are evident within the area of the attachment site; bumps are 
palpable on the cortex, or slight lipping is present on attachment margin. 

R2: Moderate; elevated or rugged area of bone is easily observable. Distinct deposits of bone are 
present within attachment site. Crests or ridges do not exceed 1 mm in height. 

R2.5: Characteristics described for R2 are present; crests or ridges are l-2mm in height. 

R3: Strong; Distinct formation of crests or ridges 2-3 mm in height. 

R3.5: Very strong; Distinct formation of crests or ridges in excess of 3mm in height. 
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Anconeus: The attachment site for the anconeus is on the proximal end of the ulna, posterior 
side, and the lateral surface of the olecranon. 

Robusticity Score, Anconeus: 

0: Absent 

Rl :  Faint ;  margins  of  anconeus are  vis ible  on the poster ior  olecranon.  No formation of  dis t inct  
crests or ridges is evident. 

R1.5: Small deposits of bone are evident within the area of the attachment site; lipping on 
attachment margin. 

R2: Moderate; ridge or crest or elevated area of bone is easily observable, particularly at the 
lateral margin of the olecranon. Distinct deposits of bone are present within attachment site. 
Crests or ridges do not exceed 1 mm in height. 

R2.5: Characteristics described for R2 are present; crests or ridges are l-2mm in height. 

R3: Strong; Distinct formation of crests or ridges 2-3mm in height. 

R3.5: Veiy strong; Distinct formation of crests or ridges in excess of 3mm in height. 

Triceps; The attachment area for the triceps in on the proximal end of the olecranon of the ulna. 
This area represents the insertion, or distal attachment, for the long head, lateral head, and medial 
head of the triceps. 

Robusticity Score, Triceps: 

0: Absent 

Rl ;  Faint ;  la teral  port ion of  the proximal  end of  the ulna is  s l ight ly  e levated or  rough to  the touch.  
No formation of distinct crests or ridges is evident. 

R1.5; Small deposits of bone are evident within the area of the attachment site; lipping on 
attachment margins. 

R2: Moderate; ridge or crest or elevated area of bone is easily observable. Distinct deposits of 
bone are present within attachment site. Crests or ridges do not exceed 1 mm in height. 

R2.5: Characteristics described for R2 are present; crests or ridges are l-2mm in height. 

R3: Strong; Distinct formation of crests or ridges 2-3 mm in height. 

R3.5: Very strong; Distinct formation of crests or ridges in excess of 3mm in height. 
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Pronator Teres: The attachment site for the pronator teres is on the proximal end of the ulna, 
anterior-medial side, adjacent and medial to the brachialis insertion. 

Robusticity Score, Pronator Teres: 

0: Absent 

R1: Faint; attachment area is slightly elevated or rough to the touch. No formation of distinct 
crests or ridges is evident. 

R1.5: Small deposits of bone are evident within the area of the attachment site; lipping on 
attachment margin. 

R2: Moderate; ridge or crest or elevated area of bone is easily observable. Distinct deposits of 
bone are present within attachment site. Crests or ridges do not exceed 1 mm in height. 

R2.5; Characteristics described for R2 are present; crests or ridges are l-2mm in height. 

R3: Strong; Distinct formation of crests or ridges 2-3 mm in height. 

R3.5: Very strong; Distinct formation of crests or ridges in excess of 3mm in height. 

Flexor Digitorum Superficialis: The attachment site for the flexor digitorum superficialis is on 
the proximal end of the ulna, anterior-medial side, proximal to the attachment for the pronator 
teres, on the medial edge of the coronoid process. 

Robusticity Score, Flexor Digitorum Superficialis: 

0: Absent 

R1: Faint; attachment area is slightly elevated or rough to the touch. No formation of distinct 
crests or ridges is evident. 

R1.5: Small deposits of bone are evident within the area of the attachment site; lipping on 
attachment margin. 

R2; Moderate; ridge or crest or elevated area of bone is easily observable. Distinct deposits of 
bone are present within attachment site. Crests or ridges do not exceed 1 mm in height. 

R2.5; Characteristics described for R2 are present; crests or ridges are l-2mm in height. 

R3: Strong; Distinct formation of crests or ridges 2-3mm in height. 

R3.5: Very strong; Distinct formation of crests or ridges in excess of 3mm in height. 
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METACARPAL ATTACHMENT SITES 

1''METACARPAL 

Opponens pollicis: The attachment site for the opponens pollicis is on the shaft of the first 
metacarpal, palmar surface, lateral side. 

Abductor pollicis longus: The attachment site for the abductor pollicis longus is at the proximal 
base of the first metacarpal, on the palmar surface, lateral side. 

2"" METACARPAL 

Flexor carpi radialis: The attachment site for the flexor carpi radialis is on the proximal base of 
the second metacarpal, palmar surface. 

Oblique head of adductor pollicis: The attachment site for the oblique head of adductor pollicis 
is on the proximal base of the second metacarpal, palmar surface, distal to the attachment site for 
flexor carpi radialis. 

3"* METACARPAL 

Flexor carpi radialis: The attachment site for the flexor carpi radialis is on the proximal base of 
the third metacarpal, palmar surface, lateral side. 

Oblique head of adductor pollicis: The attachment site for the oblique head of adductor pollicis 
is on the proximal base of the third metacarpal, palmar surface, lateral side, surrounding the 
attachment site for the flexor carpi radialis both proximally and distally. 

Transverse head of adductor pollicis: The attachment site for the transverse head of adductor 
pollicis is on the shaft of the third metacarpal, palmar surface. It is oriented in the center of the 
shaft, often appearing as a low crest of bone rising from the distal extent of the shaft and 
extending towards the proximal end. 

5*" METACARPAL 

Opponens digiti minimi: The attachment site for the opponens digiti minimi is on the shaft of 
the fifth metacarpal, palmar surface, medial side. 

Robusticity Scoring, Metacarpals: 

0: Absent 

R1: Faint; attachment area is slightly elevated or rough to the touch. No formation of distinct 
crests or ridges is evident. 

R1.5: Small deposits of bone are evident within the area of the attachment site; lipping on 
attachment margin. 
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R2: Moderate; ridge or crest or elevated area of bone is easily observable. Distinct deposits of 
bone are present within attachment site. Crests or ridges do not exceed .5 mm in height. 

R2.5: Characteristics described for R2 are present; crests or ridges are .5-1.5mm in height. 

R3: Strong; distinct formation of crests or ridges 1.5-2.5 mm in height. 

R3.5: Very strong; distinct formation of crests or ridges in excess of 2.5 mm in height. 

Stress Lesion Scoring: (from Hawkey and Merbs 1995:327) 

Absent = 0 

51 = Faint; a shallow furrow or pitting into the cortex that has a lytic-like appearance, less than 
1 mm in depth. 

52 = Moderate; pitting is deeper and covers more surface area, greater than 1mm but less than 
3mm in depth. No longer than 5mm. 

53 = Strong; pitting is marked, greater than 3mm in depth, or more than 5mm in length. 
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APPENDIX B 

MSM SUPPLEMENTAL RECORDING FORM 

Estimated Age: 
Criteria: 

Estimated Sex, Pelvis: Estimated Sex, Skull: 
C riteria: 

CLAVICLE: Metrics Left Right 
Maximum Length; 
Ant-Post. Dia. at Midshaft; 
Sup.-Inf. Dia. at Midshaft: 

Deltoid: 
Maximum Length of Deltoid: 
Maximum Width of Deltoid: ___ 
Robusticity Score: 

Costoclavicular Ligament: 
Maximum Dia. at Costoclavicular Lig: 
Maximum Length of Costoclavicular Lig: 
Maximum Width of Costoclavicular Lig: 
Robusticity Score: 
Stress Lesion: 

Pectoralis Major: 
Robusticity Score: 
Stress Lesion: 

Trapezius: 
Maximum Dia. of Trapezius; 
Robusticity Score: 
Stress Lesion: 

Trapezoid Ligament: 
Robusticity Score; 
Stress Lesion: 

Conoid Ligament: 
Maximum Dia. at Conoid: 
Robusticity Score; 
Stress Lesion; 

Sternocleidomastoid: 
Robusticity Score; 
Stress Lesion: 
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PATHOLOGY: CLAVICLE 

[DJD Stages a-e from Ubelaker (1978), other pathologies X = present, blank = absent] 

(DJD) Medial: 
(DJD) Lateral: 
Periosteal reaction: 
Lytic reaction: 
Proliferative reaction: 
Osteoporosis: 
Trauma: 
Osteomyelitis: 
Exostoses: 

Describe: 

SCAPULA: Metrics Left Right 
Height: 
Breadth: 

Deltiod: 
Robusticity Score: 
Stress Lesion: 

Trapezius: 
Robusticity Score: 
Stress Lesion: 

Triceps/Long Head: 
Robusticity Score: 
Stress Lesion: 

Serratus Anterior: 
Maximum Dia. of Serratus Anterior: 
Robusticity Score: 
Stress Lesion: 
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PATHOLOGY: SCAPULA 
[DJD Stages a-e from Ubelaker (1978), other pathologies X = present, blank = absent] 

(DJD) Glenoid: 
(DJD)Acromium: 
Periosteal reaction: 
Lytic reaction: 
Proliferative reaction: 
Osteoporosis: 
Trauma: 
Osteomyelitis: 
Exostoses: 

Describe: 

HUMERUSrMetrics Left Right 
Maximum Length: 
Vertical Dia. of Head: _ 
Maximum Dia. at Midshaft: 
Minimum Dia. at Midshaft: 

Deltoid: 
Max Dia. at Deltoid: 
Max Length of Deltoid: 
Max Width of Deltoid: 
Robusticity Score; 
Stress Lesion: 

Coracobrachialis: 
Robusticity Score: 
Stress Lesion: 

Lateral Head/Triceps: 
Robusticity Score: 
Stress Lesion: 

Pectoralis Major: 
Max Length of Pectoralis Major: 
Max Width of Pectoralis Major: 
Robusticity Score: 
Stress Lesion; 

Latissimus Dorsi: 
Robusticity Score: 
Stress Lesion: 

Teres Major: 
Robusticity Score: 
Stress Lesion: 



Brachioradialis: 
Robusticity Score: 
Stress Lesion: 

Extensor Carpi Radialis: 
Robusticity Score: 
Stress Lesion: 

Cominon Extensor; 
Robusticity Score: 
Stress Lesion: 

Anconeus: 
Robusticity Score: 
Stress Lesion: 

Pronator Teres: 
Robusticity Score: 
Stress Lesion: 

Common Flexor: 
Sup-Inf Dia. of Common Flexor: 
Med-Lat Dia. of Common Flexor: 
Robusticity Score: 
Stress Lesion: 



PATHOLOGY: HUMERUS 
[DJD Stages a-e from Ubelaker (1978), other pathologies X = present, blank = absent] 

(DJD) Proximal Humerus: 
(DJD) Distal Humerus; 
Periosteal reaction: 
Lytic reaction; 
Proliferative reaction: 
Osteoporosis; 
Trauma: 
Osteomyelitis: 
Exostoses: 

Describe: 

RADIUS: Metrics Left Right 
Maximum Length: 
Ant - Post Dia. at Midshaft: _______ 
Med - Lat Dia. at Midshaft: 

Biceps: 
Maximum Dia. at Biceps; 
Maximum Length of Biceps: 
Maximum Width of Biceps; 
Robusticity Score: 
Stress Lesion; 

Supinator: 
Robusticity Score: 
Stress Lesion: 

Pronator Teres: 
Maximum Length of Pronator Teres: 
Maximum Width of Pronator Teres; 
Robusticity Score: 
Stress Lesion: 

Pronator Quadratus: 
Robusticity Score: 
Stress Lesion: 

Brachioradialis: 
Robusticity Score; 
Stress Lesion; 



PATHOLOGY: RADIUS 
[DJD Stages a-e from Ubelaker (1978), other pathologies X = present, blank = absent] 

(DJD) Prox. Radius: 
(DJD) Dist. Radius: 
Periosteal reaction; 
Lytic reaction: 
Proliferative reaction: 
Osteoporosis: 
Trauma: 
Osteomyelitis: 
Exostoses: 

Describe: 

ULNA: Metrics Left Right 
Maximum Length: 
Ant - Post Diameter: _ 
Med - Lat Diameter: 

Brachialis: 
Max Length of Brachialis: 
Max Width of Brachialis: 
Robusticity Score; 
Stress Lesion: 

Supinator: 
Robusticity Score: 
Stress Lesion: 

Pronator Quadratus: 
Robusticity Score: 
Stress Lesion: 

Anconeus: 
Robusticity Score; 
Stress Lesion: 

Triceps: 
Robusticity Score: 
Stress Lesion: 

Pronator Teres: 
Robusticity Score: 
Stress Lesion: 

Flexor Digitorum Superficiaiis: 
Robusticity Score: 
Stress Lesion: 
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PATHOLOGY: ULNA 
[DJD Stages a-e from Ubelaker (1978), other pathologies X = present, blank = absent] 

(DJD) Prox Ulna: 
(DJD) Dist. Ulna: 
Periosteal reaction: 
Lytic reaction: 
Proliferative reaction: 
Osteoporosis: 
Trauma: 
Osteomyelitis: 
Exostoses: 

Describe: 

METACARPAL ATTACHMENT SITES 

1" METACARPAL Left Right 
Opponens pollicis 
Robusticity Score: 
Stress Lesion: 

Abductor polHcis longus 
Robusticity Score: 
Stress Lesion: 

2"'* METACARPAL 
Flexor Carpi Radialis 
Robusticity Score: 
Stress Lesion: 

Oblique Head of Adductor Pollicis 
Robusticity Score: 
Stress Lesion: 

3"* METACARPAL 
Flexor Carpi Radialis 
Robusticity Score: 
Stress Lesion: 

Oblique Head of Adductor Pollicis 
Robusticity Score: 
Stress Lesion: 

Transverse Head of Adductor Pollicis 
Robusticity Score: 
Stress Lesion: 
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5"" METACARPAL 
Opponens digiti minimi 
Robusticity Score; 
Stress Lesion: 

PATHOLOGY: 
[DJD Stages a-e from Ubelaker (1978), other pathologies X = present, blank = absent] 

(DJD) Carpals: 
(DJD) Metacarpals: 
Periosteal reaction: 
Lytic reaction: 
Proliferative reaction: 
Trauma: 
Exostoses: 

Describe: 
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