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Abstract 

 

Background: Osteoarthritis (OA) is the leading cause of disability in North American and 

has major economic consequences for society. People with knee OA experience the worst 

quality of life, among musculoskeletal conditions, with function and mobility being 

influenced by symptoms such as pain and stiffness. However, the impact of OA symptoms 

varies due to intrinsic and extrinsic factors. This has lead many researchers to employ 

biopsychosocial and other population health frameworks to study the disease. These 

approaches have not been adopted for knee OA in bioarchaeology, where a limited 

biological lens prevails due to the sole reliance on skeletal remains.   

 

Purpose: The purpose of this research was to identify the impairment potential of knee OA 

in archaeological populations using a clinical sample and population health approaches. 

 

Methods: Clinical studies have the advantage of assessing not only the biological 

implications of knee OA but also the functional outcomes. To bring this information into the 

study of skeletal populations, a link to a clinical sample of knee OA patients had to be 

established. First, to explore the viability of clinical frameworks for the study of disease in 

archaeological populations, a pilot study adapted two medical classification systems of 

health and disease (ICD and ICF) to the documentation of disease in bioarchaeology. 

Secondly, a clinical population of knee OA patients with diagnostic images of the distal 

femur and impairment and disability outcome measures was identified. A grading system of 

knee OA severity was created that examines changes in the distal femur for both clinical and 

archaeological populations. The relationship between impairment and disability outcome 

measures and the categories of knee OA severity for the clinical population were identified 

and operationalized. Population health frameworks were employed by revising the multiple 

determinants of health model for its application to knee OA in archaeological populations. 

Finally, the operationalized outcome data and determinants of health data were applied to 

select archaeological populations. 
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Results: The adaptation of two medical classification systems for documentation of human 

skeletal remains was successful and established the viability of using clinical frameworks in 

bioarchaeology. The Osteoarthritis Initiative (OAI) provided a clinical population of knee 

osteoarthritis sufferers with both MRI images of the distal femur and lifestyle/functional 

outcome data for the creation of two grading systems of knee OA severity, one linked to the 

morphological changes of the distal femur (Clinical Archaeological Osteoarthritis Score or 

CAOS) and the other linked to the size of the intercondylar femoral notch. The CAOS 

measure was the best predictor of impairment while the intercondylar notch measure showed 

little correlation. The four CAOS grades were operationalized by linking grades (0 = no 

change to 3 = severe changes) to specific functional tasks and outcomes (e.g., walking, 

bending, running, light chores, etc.). The resulting probability profiles provided sex specific 

probabilities of having poor outcomes when completing specific tasks. For example, the 

probability of a female having difficulty kneeling with CAOS grade 3 knee OA would be 

0.91. The revised Multiple Determinants of Health model was used to frame the collection of 

information from two archaeological populations, the 17
th

 century Huron and the 19
th

 

century Inuit from the Igloolik region of Nunavut. The information on impairment potential 

was then combined with the determinants of health data to demonstrate the increased 

impairment potential of knee OA in the Inuit versus the Huron population.  

 

Conclusion: Population health frameworks and models conceptualize impairment due to 

knee OA as a product of factors that are intrinsic or extrinsic to the individual. With the 

CAOS system providing a link between present and past populations, the dialogue on knee 

OA can be expanded beyond the biological to include other determinants of health. This is a 

paradigm shift in bioarchaeology that clarifies the importance of including both physical and 

social environments when interpreting skeletal populations. 
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Chapter 1. Introduction 

The study of health and disease in past populations relies on the interpretation of 

skeletal changes due to pathology or injury. Complementing bioarchaeological analyses with 

current medical research allows more informed interpretations (Faccia & Williams, 2008, p. 

28). Clinical information provides a guide for quantification, description, diagnosis of 

disease, and identification of prevalence rates in past populations (Roberts, 1999).  

In modern society, musculoskeletal conditions like knee osteoarthritis (OA) have a direct 

impact on the individual and a peripheral affect on overall health, functional capacity during 

work, and participation in a social environment (Yelin & Felts, 1990; Yelin & Callahan, 

1995; Kramer et al., 2001; Woolf, 2001; Stewart et al., 2003; Woolf & Pfleger, 2003). The 

same limitations should hold true for earlier populations. However, few studies have sought 

to correlate level of impairment and its ramifications, both personally and socially, to the 

expression of skeletal lesions. This information is fundamental for understanding health 

since level of impairment affects functional independence, social contribution, access to 

resources, and other factors needed for positive health outcomes.  

1.1. Statement of the Problem: Limitations of Current 

Bioarchaeological Approaches 

To study impairment and its personal and social ramifications in bioarchaeology, a 

broadening of the current interpretation of skeletal health, which is primarily focused on the 

biological, is required. Generally, bioarchaeologists refer to health as the physical 

manifestation of biological stress expressed through various skeletal and dental features 

(Bush, 1991; Bush & Zvelebil, 1991; Goodman & Martin, 2002; Larsen, 2002); including, 

adult stature, sub-adult growth rates, dental crowding, dental enamel defects, osteoporosis, 

and skeletal lesions related to anaemia (Bush & Zvelebil, 1991).  

The World Health Organization defines health as a state of complete physical, mental 

and social wellbeing where an individual or group can identify and realize aspirations, 

satisfy needs, and change or cope with the environment (WHO, 1986). While this is only one 

of many definitions of health (Bush, 1991), the WHO definition moves beyond the absence 

of disease and embraces the biopsychosocial approach, recognizing the interaction of 
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individual, social, and environmental factors (Gignac et al., 2008). Bioarchaeological 

analysis typically stops at the physical disease state. 

Clinical and bioarchaeological health definitions are characterized by the type of 

information available for study. For the bioarchaeologist, a human skeleton holds much 

information about diet, activity patterns, disease processes, violence, and trauma but 

provides little information about outcomes generated by skeletal changes (Cohen & 

Armelagos, 1982; Verano & Ubelaker, 1992, Ortner, 1994; Aufderheide & Rodriguez-

Martin, 1998; Lovel, 2000; Goodman & Martin, 2002; Steckel & Rose, 2002; Ortner, 2003, 

Mann & Hunt, 2005; Roberts & Manchester, 2007). In other words, “knowing why someone 

had a particular disease does not tell us much about how that disease affected everyday life 

for the person concerned” (Metzler, 1999, p. 58). In fact, few have attempted to describe 

functional consequences from the skeletal manifestation of disease (Goodman & Martin, 

2002).  

In modern society, musculoskeletal disorders are common and have extensive 

economic consequences for society (Mantyselka et al., 2002). While it is generally believed 

that bone changes have an effect on work capacity and reproduction, which in turn affects 

social and economic status, current bioarchaeology methods cannot tell us how an 

individual‟s life was affected by these lesions (Metzler, 1999). The lack of methods that 

relate boney changes to lifestyle makes it difficult to assess the impact of impairment on the 

individual and society. Roberts (1999) emphasized the importance of using clinical data to 

assess how normal function was affected by disease, stating that “if disease or injury states 

are to be considered as potentially disabling, reference to the clinical record for these 

conditions (i.e., how they affected a person) is essential”. Without this data, impairment 

cannot be interpreted; however, little has been done to address this need.  

The proposed research seeks to fill this void by introducing population health models 

that link the disease to determinants of health, encouraging a paradigm shift in the field of 

bioarchaeology. Currently, in bioarchaeology, the impact of a disease on outcomes is 

assumed homogeneous across cultural, geographical, and temporal contexts. New methods 

for moving beyond disease-based outcomes to include the individual‟s or population‟s 

environment provides a means to introduce heterogeneity into the dialogue of disease impact 

in archaeological populations. 
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A myriad of skeletal lesions can create functional limitations; however, only a single 

condition was explored in this thesis. The general category of degenerative joint disease has 

been chosen due to its prevalence in skeletal populations and its known impact on affected 

modern groups. OA has been cited as the most common joint disease in both modern and 

ancient populations (Rogers & Waldron, 1995). OA will therefore be the focus of the present 

research work. More specifically, knee OA was chosen because it is one of the leading 

causes of mobility impairment and also impacts psychological variables like depression and 

social consequences like isolation.  

1.2. Research Question, Contribution to the Advancement of 

Knowledge and the Field of Population Health 

This thesis assessed the individual experience of living with knee OA, how this 

experience relates to the bone changes associated with disease progression, the impact of the 

determinants of health on the knee OA experience, and the implications of knee OA for 

archaeological populations. The principle research question is:  

 

How can bone changes in the osteoarthritic femur be used to inform our 

understanding of impairment and disability for archaeological populations? 

 

A solution to this research question can provide a new understanding of knee OA‟s 

impact and relevance to the overall health outcomes for ancient populations by including 

determinants of health in the discussion, which are not currently utilized in bioarchaeological 

analysis. Framed by the biopsychosocial theory of health, such determinants would include 

physical, social, and attitudinal environment factors. By incorporating population health 

concepts into the discourse on ancient populations, current health models can be applied to 

populations whose life contexts were not entirely dissimilar to those of today. This 

incorporation will also demonstrate the utility of population health concepts for research 

fields currently outside conventional application. By demonstrating the applicability of 

population health models to ancient populations, the impact and evolution of the 

determinants of health over the course of human history can be explored. 
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1.2.1 Limitations 

 Although the thesis research answered the principle research question, various 

limitations and shortcomings should be considered. First, there is no gold standard for 

evaluating the use of clinical data for archaeological populations. Relating clinical samples 

to archaeological population is limited by the ability to match population samples, the 

available information that is common to both populations, and the environmental context 

between modern and ancient societies. Second, this research focused only on a single dataset 

provided by the Osteoarthritis Initiative (OAI). Research with additional data sets would 

help with model validation and help with matching populations. Third, the theoretical 

application of the data was conducted on only two contrasting archaeological populations. 

No case studies were included due to the population level approach to the question. Fourth, 

since data collection was conducted by the author, interobserver error was not assessed. 

Fifth, due to the unique nature of the research, no other studies were available for 

comparison. Therefore the techniques developed and employed require further research on 

reliability and generalizability. 

1.3. Background 

1.3.1. Osteoarthritis: General Considerations 

“The most common diseases of the musculoskeletal system among degenerative and 

inflammatory rheumatic disorders are osteoarthritis (OA) and rheumatoid arthritis (RA), 

respectively” (Ay et al., 2008, p.159). These articular disorders have the capacity to cause 

disability, produce activity limitations, and negatively affect quality of life (Ayis et al., 2007; 

Ay et al., 2008). OA is the most common of the two arthritic diseases and the leading cause 

of disability in North America and developed countries (Spector et al., 1996; Marra et al., 

2007; Rosemann et al., 2007). Caused by a range of disorders and characterized by 

degeneration of cartilage and subchondral bone (Fautrel et al., 2005), OA manifests when the 

mechanism of joint tissue breakdown and repair is overwhelmed, leading to structural and 

functional failure of the synovial joints (Hunter et al., 2008). This progressive joint failure 

may cause pain, physical disability, impairment, psychological distress, limit activities of 

daily living, and reduce quality of life, although many persons who have structural changes 
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consistent with OA are, for reasons unknown, asymptomatic (Hunter et al., 2008; Rapp et 

al., 2000).  

Diet is believed to play a role in OA progression. The effect is twofold, having both a 

positive and a negative impact. Obesity contributes to OA development and progression 

since excessive weight increases stresses in load bearing joints, leading to increased wear of 

the structures. Obesity is also believed to lead to systemic inflammation, another factor 

linked to OA progression (Brunner et al., 2012; McAlindon and Felson, 1997). However, 

certain vitamins such as K or certain polyunsaturated fatty acids have been shown to 

mitigate the progression and symptom expression of OA (McAlindon and Felson, 1997; Oka 

et al., 2009; Knott et al., 2011; Baker et al., 2012; Brunner et al., 2012).   

1.3.1.1. Knee Osteoarthritis 

The knee is a biological unit of hard and soft tissue structures that function as a 

mechanism for mobility and a pathway for load transfer. Knee OA is a complex interaction 

between biological and biomechanical factors that lead to imbalances in degeneration and 

repair of articular cartilage, producing mechanically induced knee joint failure (Biscevic et 

al., 2008; Maly, 2008). Though knee OA is almost always symptomatic, its symptoms are 

diverse and heterogeneous; including, reduced function, stiffness after inactivity (short 

lived), joint instability (limiting task performance), buckling or giving way, and 

psychological and emotional distress (including depression) related to chronic pain (Cooper 

et al., 2000; Dieppe, 2000; Breedveld, 2004; Fitzgerald et al., 2004; Parmelee et al., 2007; 

Hunter et al., 2008). In some cases, these symptoms initiate limb use modifications, with the 

main changes identified during sitting, standing, bending, and walking (Hall et al., 2008).  

OA related knee pain can be activity related or mechanical, deep, aching, and not 

well localized. This pain is often cited as the predominant symptom and the main reasons for 

disability. OA knee pain is related to a person‟s perception of their ability rather than with 

their actual ability to perform (Lethbridge-Cejku, 1995; Hopman-Rock et al., 1998; Bennell 

et al., 2003; Williams et al., 2004; Peters et al., 2005; van der Waal et al., 2005; Maly et al., 

2006; Rosemann et al., 2006; Parmelee et al., 2007; Tuzun, 2007; Hunter et al., 2008; Maly 

et al., 2008; and Maly, 2009). Pain slows activity and leads to several functional 
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consequences, including not only pain but a lack of trust in the knee, especially during 

challenging pursuits (Maly, 2009).  

1.3.2. Osteoarthritis: Bone Changes  

 In clinical settings, osteoarthritis is primarily assessed through radiographs (Oka et 

al., 2008). Bone changes due to OA were defined by Schiphof et al. (2008) and Lethbridge-

Cejku (1995):  

a) formation of osteophytes (bone projections) on the joint margins (Figures 1.1) or in 

ligamentous attachments, as on the tibial spines,  

b) narrowing of joint space associated with sclerosis of subchondral bone,  

c) cystic areas with sclerotic walls situated in the subchondral bone, and  

d) altered shape of the bone ends  

The Kellgren-Lawrence Grading Scale is one of the most cited instruments to grade 

severity of radiographic changes associated with knee OA (Kellgren & Lawrence, 1957). 

This tool grades the three main physical features associated with OA (i.e., osteophytes 

formation, joint space narrowing, subchondral sclerosis) into five categories identified as 

grades 0-4 (Salaffi et al., 2005). Definite knee OA has a Kellgren-Lawrence grade of two or 

higher (Lethbridge-Cejku, 1995).  

1.3.2.1. Femoral Intercondylar Notch 

 Studies have suggested that the shape of the distal femur, which is changed in knee 

OA, is pertinent to the condition‟s etiology (Wada et al., 1999; Shepstone et al., 2001). Of 

particular interest is intercondylar notch narrowing (Figure 1.2). This feature has been 

associated with OA severity and deterioration of the anterior cruciate ligament (Shepstone et 

al., 2001; and Quasnichka et al., 2005). Notch narrowing is thought to be a product of 

osteophyte formation (Quasnichka et al., 2005).  
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Figure 1.1: Distal articular surface of a left femur with marginal osteophytes visible along 

the medial edge of both the entire joint surface (a) and along the intercondylar notch (b) 

(photos by J. Young).  

 

  

 

 

 

                                 

 

 

 

                                   a.                                                 b.         

Figure 1.2: Location of the intercondylar notch in a MRI slice (a) and a photo of a dry bone 

sample (b) (MRI courtesy of the Osteoarthritis Initiative and photo by J. Young). 

intercondylar notch 

notchnotch 



8 

 

Though osteophytes are seen in advanced knee OA, marginal osteophytes around the 

intercondylar notch are considered an early sign of knee OA (Shepstone et al., 2000) and a 

compensatory mechanism that allows bone to press against a degenerated or slackened 

anterior cruciate ligament (ACL) to increase stability. In some cases, a decreased 

intercondylar notch width may cause cruciate ligament damage and further knee instability, 

leading to further osteophytosis and other OA features (Shepstone et al., 2000). It is not 

surprising that smaller intercondylar notches are found in individuals with severe OA, when 

compared to notches in individuals with normal knees (Figures 1.3) (Wada et al., 1999; 

Shepstone et al., 2001).  

Significant statistical differences in the shape of the intercondylar notch between 

osteoarthritic and non-osteoarthritic femora were found by Shepstone et al. (2001). “The 

difference was largely in the lateral aspect of the medial condyle, with the non-OA group 

exhibiting, on average, a wave shaped notch, whereas the OA group exhibited a more 

inverted U shaped notch” (Shepstone et al., 2001, p. 972).  

 

a. b. 

Figure 1.3: Distal articular surface of two different femora with a) depicting a normal 

intercondylar notch and b) depicting a narrowed notched due to osteoarthritic changes, 

especially intercondylar notch osteophytes (photos by J. Young).     

       

Preliminary studies (Wada et al., 1999; Shepstone et al., 2001) have suggested that 

the intercondylar notch may be a valid tool for assessing knee OA, but the region still 

requires more thorough exploration. Three dimensional images from magnetic resonance 

imaging (MRI) should make the intercondylar notch region accessible for study (Shepstone 

et al., 2000).  
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1.3.2.2. Symptoms  

Linking knee OA symptoms to physical changes in the knee joint and associated 

disability has met with mixed results, ranging from a distinct association between joint 

changes and symptoms (Lethbridge-Cejku, 1995; Spector et al., 1996; Szebenyi et al., 2006; 

Neogi et al., 2008; and Zhai et al., 2008) to poor correlations (Altman et al., 1986; Rogers et 

al., 2004; and Roseman et al., 2007), to discordance between pain and x-ray features (Barker 

et al., 2004; Faucher et al., 2004; van der Kraan et al., 2007; Maly et al., 2008; and Oka et 

al., 2008). Though more radiographic evidence is present for those with chronic pain 

(Hopman-Rock et al., 1998), the relationship between pain and degenerative structural joint 

changes is poorly understood (Thorp et al., 2007). Bone features associated with 

radiographic characteristics of knee OA and ever-and-current pain include osteophytosis, 

subchondral sclerosis, and bone marrow lesions (Altman et al., 1986; Lethbridge-Cejku, 

1995; Spector et al., 1996; and Zhai et al., 2008).  

1.3.3. Osteoarthritis: Outcomes  

People with knee OA report “the worst quality of life among people with 

musculoskeletal diseases” (Tukker et al., 2008, p.361). They have more difficulty 

performing daily activities and exhibit progressive loss of function, leading to increased 

dependency in walking, stair climbing, and other lower extremity tasks” (Hopman-Rock et 

al., 1998; Miller et al., 2001; Maly et al., 2005; Salaffi et al., 2005; van der Esch et al., 2006; 

Maly & Krupa, 2007; Ay et al., 2008; and Hall et al., 2008). The fear of falling, loss of sleep, 

rising and sitting down, getting into and out of bed, squatting, and kneeling were also cited 

as factors related to the knee OA experience (Steultjens et al., 1999; Bennell et al., 2003; 

Maly & Krupa 2007; Hall et al., 2008).  

1.3.3.1. Gait Changes 

Individuals with mild to moderate knee OA have unique gait characteristics, including 

reduced walking speed, reduced stride length, and increased stance time (Mundermann et al., 

2005; Astephen et al., 2007; and Thorp et al., 2007). These gait alterations appear to be 

adaptive responses to chronic pain and structural pathology and therefore act as a mechanism 

to limit pain and/or improve function (Briema & Snyder-Mackler, 2009).  
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1.4. Osteoarthritis in Bioarchaeology  

1.4.1. General Considerations 

OA has affected animals from the earliest of times and most likely affected humans 

from the point where there lifespan permitted its development. Throughout time, the 

morphological characteristics of the disease have remained consistent (Waldron, 2012). In 

bioarchaeology OA is a marker of biomechanical stress caused by strains placed upon the 

human skeleton through habitual use, which is often impacted by human adaptation and 

cultural change (Goodman & Martin, 2002; Watkins, 2010). As such, skeletal lesions 

attributable to OA have been studied to interpret the type of work, occupation, or repetitive 

activities completed by individuals that could have caused OA (Goodman & Martin, 2002; 

Jurmain et al., 2012). This work is influenced by the interplay of lifestyle, culture, and 

environment (Larsen, 2002). Therefore, OA severity and its distribution in the skeleton can 

vary between societies and with different roles individuals fulfill within a society; roles that 

are often dictated by sex or social status (Ortner 2003).  

Though subsistence pattern has been linked to OA distribution and severity, 

differences in diet and nutritional content have not been discussed as a causal factor by 

bioarchaeologists. Rather the type of work a subsistent pattern requires, and its effect on the 

development of OA, has been discussed (Inoue et al., 2001; Larsen, 2002; Weiss and 

Jurmain et al., 2012). Little to no dialogue could be found in the literature on OA 

ramifications, given social and physical environmental factors.  

Comparing prevalence rates between earlier and modern populations is virtually 

impossible since an accurate prevalence rate cannot be determined from archaeological 

remains (Waldron, 2012). There are multiple reasons for this; including,  

1. The amount of OA is underestimated because analysis relies solely on bone lesions,  

2. Bones are not always preserved so exact distributions are difficult to assess,  

3. There are no standard definitions or diagnosing criteria for OA,  

4. There is no common OA measurement standard; skeletons, adults, joints have all 

been used (Inoue et al., 2001; Crubézy et al., 2002; Waldron, 2012). 

 Reasons 3 and 4 make it virtually impossible to pool data from different studies.  



11 

 

1.4.2. Bioarchaeological Definition  

OA in the study of skeletal remains is defined by characteristic changes visible on 

joint surfaces. Rogers et al. (1987) defined these features as: 1) formation of marginal 

osteophytes; 2) subchondral bone reaction, including the presence of eburnation, sclerosis, 

and cysts; 3) joint surface pitting; 4) joint contour alterations in severe cases. In the absence 

of marginal osteophytes and subchondral bone reaction, changes cannot be classified as 

osteoarthritic because osteophytes alone may be a product of age.  

1.4.3. Scoring  

Various scoring systems have been developed and usually follow a progression from 

no sign of degenerative disease; to initial osteophytes or deterioration of the joint surfaces; to 

major osteophyte formation and/or destruction of the joint surface, such as eburnation; to 

joint immobilization (Steckel et al., 2002).  

1.4.4. Interpretation  

OA identification has often been used to discern activity patterns and sometimes used 

with other skeletal features to infer quality of life and general health status. Dettwyler (1991) 

recognized that “the paleopathological analysis of skeletal remains can tell us about physical 

impairment, from which we may be able to infer the extent of an individual‟s disability”; 

however, little has been done to inform this discussion for knee OA.  

 

1.5. Theoretical Framework 

The theoretical framework for this research is the biopsychosocial theory of health 

(Figure 1.4). Developed by Engel (1977), this conceptual model proposes a focus on health, 

an interaction between individual, social, and environmental factors (Gignac et al., 2008). 

This approach follows the paradigm of population health where positive health outcomes are 

based on a number of factors, including those external to the individual. The biopsychosocial 

lens is often used in OA research because OA symptoms and related outcomes are a product 

of multiple influences engaged in a dynamic interaction (Duncan, 2000; Bennell et al., 2003; 

Peters et al., 2005; Maly et al., 2006; Gignac et al., 2008). OA is not simply a disease of the 

body but “a health condition caused by the interrelationships of factors both within the 
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affected individual and between the individual and the surrounding environment” (Hunt et 

al., 2008, p. 55). This is exemplified by knee OA sufferers who exhibit similar physiological 

abnormalities in their knee joints, but express different symptoms (Hunt et al., 2008).  

 

 

Figure 1.4: Conceptual model of Engel‟s biopsychosocial theory of health. 

The biopsychosocial factors implicated in arthritis pain and disability may include 

(Keefe et al., 2002; Wang et al., 2005): 

 Biological: cartilage damage, joint degeneration, inflammation, swelling, 

deconditioning, age, sex, comorbidities 

 Psychological: helplessness, depression, coping, self-efficacy, pessimism, 

personality, hardiness 

 Social: social support, socio-economic status, spouse/caregiver responses 

The biological factors play a large role in the development and progression of knee OA 

while psychosocial factors could have a greater impact on an individual‟s overall level of 

disability (Hunt et al., 2008). Since this thesis is concerned with the identification of physical 

impairment, the use of the biopsychosocial theory is necessitated by the factors external to 

the biological changes associated with knee OA that contribute to physical limitations. 

The biopsychosocial framework is also the principle structure for the International 

Classification of Functioning, Disability and Health (ICF). 

Psychological Sociological 

Biological 

Health 
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1.5.1. International Classification of Function Disability and Health (ICF)  

The ICF is a WHO endorsed classification system that provides a standard 

terminology and structure for classifying health and health-related states. ICF includes four 

main components: body functions, body structures, activities and participation, and 

environmental factors. Environmental factors, those extrinsic to the individual, include 

physical, social, and attitudinal environment (Wang et al., 2005). These components provide 

a means to classify, organize, and study information obtained from individuals manifesting a 

health condition. ICF‟s functioning and disability constructs and definitions have been used 

as building blocks for modeling OA induced disability from a biopsychosocial approach 

(Wang et al., 2005).  

Within the ICF framework (Figure 1.5), an activity may lead to impairment (Gagné 

et al., 2009). The person with this impairment may experience an activity limitation or 

participation restriction, depending on the interaction between the different ICF domains 

(i.e., impairment, specific activity, physical and social environment in which the activity 

takes place, personality characteristics of people involved in the activity).  

 

 

Figure 1.5: International Classification of Function Disability and Health (ICF) framework. 

 

Though still establishing itself as an efficient tool for clinical practice, ICF has already 

been adapted by researchers to improve its efficacy. These “ICF Core Sets” were developed 
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by leading researchers in specific fields to improve usage efficiency of a classification system 

that comprises almost 300 pages of text. To produce a core set, the ICF descriptive codes are 

reviewed for relevancy and, if deemed applicable, are included in a list of possibly useful 

descriptors (Cieza et al., 2004; Dreinhöfer et al., 2004; Stucki & Cieza, 2004; Stucki et al., 

2004; Scheuringer et al., 2005; Stoll et al., 2005; and Grill et al., 2007). For OA, the long list 

of ICF codes were reviewed, graded, and the most relevant codes were selected as an OA 

core set. The OA ICF core set will be used to guide part of the thesis research.  

1.5.2. International Statistics Classification of Diseases and Related Health 

Problems (ICD) 

 ICD is a classification system used to record diseases and related health problems on 

death certificates and in hospital records. The information generated by ICD has been used 

to determine the health status of populations, examine disease incidence and prevalence 

rates, and study variables associated with disease susceptibility (WHO, 2010.  

1.5.3. Determinants of Health 

Biopsychosocial theory can be used to define the determinants of health. The 

determinants of health are “the range of personal, social, economic and environmental 

factors which determine the health status of individuals or populations” (WHO, 1998, p.6). 

Since the determinants of health play an important role in knee OA outcomes, the potential 

impact for archaeological populations must be explored. The multiple determinants of health 

model developed by Evans et al (1994) will drive the choice of applicable determinants of 

health for this study.  

1.5.4. Summary 

Engel‟s biopsychosocial theory, the determinants of health, ICD, and the ICF 

framework assert that health is a complex condition with multiple influences and outcome 

states related to a myriad of factors, both within and beyond the individual‟s control. 

Assuming that this position reflects reality, the study of human skeletal remains is lacking a 

large component in the interpretation of health, because health in bioarchaeology is primarily 

assessed through biological remains. The influence of physical, social, and psychological 

environments on health for ancient populations has been mostly unexplored. 
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1.6. Research Strategy 

Using the osteoarthritic femur to identify impairment potential in archaeological 

populations required the development of a multi-step research approach. Defined by a list of 

objectives, the strategy necessitated the completion of a series of steps each building on the 

information produced by the previous. The key objectives were as follows: 

1. Explore the viability of using clinical frameworks in the study of disease in 

archaeological populations. 

2. Identify a clinical population of osteoarthritic knee participants with available 

diagnostic images of the distal femur and impairment and disability outcome 

measures. 

3. Establish a grading system for knee OA severity, based on changes in the distal femur 

that can be assessed in both clinical and archaeological populations. 

4. Identify the relationship between “impairment and disability outcomes measures” and 

the “categories of knee OA severity” for the clinical population.  

5. Operationalize the relationship between knee OA severity and outcomes for 

application to archaeological populations. 

6. Revise the multiple determinants of health model for its application to knee OA in 

archaeological populations. 

7. Use the operationalized outcome data and determinants of health data to interpret 

select archaeological populations. 

1.6.1. Completed Objectives  

1.6.1.1. Objective 1: The Viability of Using Clinical Frameworks  

The International Classification of Functioning, Disability and Health (ICF) and the 

International Statistics Classification of Disease and Related Health Problems (ICD) are two 

systems that are used in the health care field for classifying disease states. Working in 

tandem, they are both well established and recognized methods for organizing data so that it 

is easy to understand and compare. A study of ICF and ICD for organizing disease related 

information in archaeological populations established the utility of clinical frameworks in 

the study of paleopathology and supported their use in future research. The establishment of 
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this clinical- archaeological link assisted in the selection of outcome variables for later stages 

of the thesis research.  

1.6.1.2. Objective 2: The Clinical Population and Ethics 

The Osteoarthritis Initiative (OAI) is ideal for examining lifestyle, activity, and 

participation limitations based on knee joint changes associated with OA. OAI is a multi-

center, longitudinal, cohort, prospective observational study focusing primarily on knee OA. 

The overall aim of the OAI is to create a public archive resource of data to facilitate the 

scientific evaluation of biological samples and images of OA, for use as possible surrogate 

endpoints for disease evaluation (Nevitt et al., 2006). 

The OAI study consists of 4607 male and female participants of various ethnicities 

ranging in age from 45 to 79, with women slightly more represented than men. This cohort 

continues to be evaluated on a yearly basis with data available for baseline, 12, 24, 36, and 

48 month follow-ups. The data includes a set of knee OA status and outcome measurements 

(clinical and imaging), pain, physical function, patient global assessment, and joint imaging 

(Nevitt et al., 2006).  

The clinical variables include frequent knee symptoms, knee pain severity scale, 

participant global assessment, WOMAC (Western Ontario and McMaster Universities 

Osteoarthritis Index), Knee Outcomes in Osteoarthritis Survey (KOOS), limitation in 

activity due to pain, general health and functional status, walking ability and endurance, 

upper leg strength, and Kellgren-Lawrence grade of OA severity. The available data for knee 

imaging includes MRIs of the knees and thighs, and knee joint radiographs.  

Although clinical variable information is available online, after a registration process, 

the MRI images are only available after formal application and approval. Once approved, a 

series of MRI imaging sets are shipped on a hard drive from the OAI centre in California. 

Six image datasets are available: baseline, 12-month follow-up, 18-month follow-up,  

24-month follow-up, non-exposed controls only, and thigh MRIs only. Within the 24-month 

follow-up set, three sub-groupings were available: Group A with 200 progression and 

incidence cohort participants, Group B with 160 progression cohort participants, and Group 

C with the first half of the entire cohort (2,686 participants).  
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 Group A participants were chosen by OAI as follows: “There were four gender x 

subcohort strata within each Recruitment Center (16 strata in all), from each of which 13 

participants were randomly picked, giving a total of 208 to choose from. The number of 

image types missing for each participant was then calculated and 8 participants eliminated 

who had the most missing images, while keeping the number of participants from each 

Recruitment Center equal (25 each), the subcohorts balanced (100 of each), and the genders 

balanced (100 of each)” (Nevitt et al., 2006, p. 9). The subcohorts consist of two different 

populations, a progressive subcohort of individuals with symptomatic knee OA at baseline 

with worsening of disease (Nevitt et al., 2006) and an incidence cohort with individuals 

without symptomatic knee OA, but having specific characteristics that gave them an 

increased risk of developing symptomatic knee OA during the study (Nevitt et al., 2006). 

The clinical diagnosis of symptomatic knee OA required both the presence of frequent knee 

symptoms and radiographic findings (Nevitt et al., 2006, p.9). The age, gender, and ethnicity 

breakdown of Group A are shown in Tables 1.1 and 1.2. 

 

Table 1.1: Ethnic breakdown of participants by gender. 

 

 White or 

Caucasian 

Non-

White 

Total 

Male 90 10 100 

Female 79 21 100 

Total 169 31 200 

 

Table 1.2: Age breakdown of participants by gender. 

 

 45-49 

years 

50-59 

years 

60-69 

years 

70-79 

years 

Total 

Male 11 24 27 38 100 

Female 11 29 35 25 100 

Total 22 53 62 63 200 
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The OAI data is de-identified (i.e., MRI and lifestyle information are not linked to 

specific individuals). Also, prior to the usage of any OAI data, the researcher is required to 

sign a data user agreement (Appendix A) that stipulates the terms and conditions for use of 

the OAI information.  

1.6.1.3. Objective 3: Establishing a Grading System of Knee OA Severity Based on 

the Distal Femur 

 Two methods, one quantitative (metric analysis) and the other qualitative 

(morphologic analysis), were developed. Changes in the distal femur due to degeneration 

were captured from the OAI MRI images. The majority of the images from the sample of 

200 participants were used. However, some MRI‟s had to be excluded due to over or under 

exposure, making landmarks, surface structures, and bone margins difficult to discern. 

Excluding the MRI resulted in knee exclusion for all analyses. 

Quantitative analysis focused on the femoral intercondylar notch width, depth, and 

overall size indices calculated from MRI images. This metric approach was employed 

because previous research indicated that intercondylar notch size decreases as degeneration 

increases. Morphological analysis was completed by creating a new grading system that 

combined osteological features visible in both MRI and denuded bone analysis. Named the 

Clinical Archaeological Osteoarthritis Scale (CAOS) this four point system graded 

osteophyte development, contour changes, and the presence of porosities at the distal femur.  

1.6.1.4. Objective 4: Identifying the Relationship between Outcome 

Impairment/Disability and Knee OA Severity 

 The distal femora evaluations outlined in objective 2 were related to outcome data 

available on the OAI website. Of the over 1200 outcome variables available, only a small 

portion that included not only summative indices, but also individual activity variables were 

chosen for this study. Fifteen indices were chosen to quantify outcomes these included those 

related to pain (at normal activity level and at higher activity levels), joint stiffness, physical 

function, disability, symptoms, function in sport and recreation, and health status. For 

individual activity 14 variables were chosen; including, light chores, walking, standing, 

downstairs, stand from sitting, bending, heavy chores, walking upstairs, twisting/pivoting, 

running, jumping, kneeling, squatting, and having more difficulty with knee, limited in kind 
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of work, accomplish less, limited with several flights of stairs, limited in moderate activities, 

and modified lifestyle to avoid activities that may damage knee. The outcome variables were 

related to the distal femora assessment results.   

1.6.1.5. Objective 5: Operationalize the Relationship between Knee OA Severity 

and Outcomes 

 Results from completion of objective 3 established the significant relationships 

between OA changes in the distal femur and the lifestyle and activity outcome variables. 

Understanding these relationships was useful; however, this approach did not provide a 

means for direct application to archaeological populations, the primary goal of this research. 

Therefore, frequency distributions for each activity related outcome variable were used to 

estimate the probability of having difficulty at each CAOS grade. Establishing these 

probabilities, which were also estimated for each sex, allowed for direct application of the 

probabilities to archaeological samples. 

1.6.1.6. Objective 6: Revise Population Health Model to Apply to Knee OA in 

Archaeological Populations  

 The population health model chosen to guide the application of the determinants of 

health to archaeological populations was the Multiple Determinants of Health Model 

established by Evans et al. (1994) (Figure 1.6). This model, whose determinates include  

 

 

Figure 1.6: Multiple Determinants of Health Model. 
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social environment, physical environment, genetic endowment, health care, disease, health 

and function, individual response (behavioural and biological), well-being, and prosperity, 

was modified to only include determinants that could be informed through the clinical, 

archaeological, ethnographic, and historic record. The determinants included in the new 

model were social environment, physical environment, health interventions, health and 

function, disease (knee OA), and individual responses.  

1.6.1.7. Objective 7: Use Operationalized Outcome Data and Determinants of 

Health Data to Interpret Archaeological Populations 

  Using the information produced by the completion of the previous objectives, two 

archaeological populations were examined to evaluate the potential impact of knee OA. A 

system was developed to incorporate the determinants of health and the operationalized 

clinical data into an applicable format. To quantify the impact of the determinants of health, 

a scoring system, identified as the Health Determinants Impact Score (HDIS), was 

developed. Individual HDIS factors can be summed to create an overall health determinates 

score (HDIS-sum). 

The Functional Impact Probability Score (FIPS) was developed to generate a single 

measure that represented the probability of functional problems related to knee OA, across 

various activities of daily living. FIPS and HDIS-sum can be combined to create the Knee 

OA Impact Index (KOII), which provides an index of OA impact in a given population. The 

KOII was applied to generate an impairment potential scale for the osteoarthritic femur in 

two archaeological populations.  

1.7. Conclusions 

 Studying clinical populations to inform our understanding of past populations is a 

necessity in the field of bioarchaeology. Knee OA is one disease where clinical data can help 

identify impairment in archaeological populations. However, health and function are also a 

construct of factors external to the individual. Therefore, to fully grasp the potential impact 

of knee OA, the individual‟s environment information must also be considered. Population 

health frameworks allow for the exploration of these broader influences and assist in 
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providing a more comprehensive understanding of impediments to function. This study 

seeks to embrace this encompassing approach by moving the dialogue of knee OA in 

archaeological populations beyond the biological. The results of this exploration are detailed 

in the research presented in chapters two, three, four, and five.  
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Chapter 2. Cross-disciplinary Adaptation of Classification 

Systems: Exploring Knowledge Transfer between Medicine and 

Anthropology 

 This chapter discusses the utility of using modern health frameworks to improve 

organization and understanding of disease in past populations. Examining the link between 

clinical and archaeological populations is the basic premise of this thesis and this chapter 

reveals that the concept is viable. This research has been submitted for publication. 
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2.1. Abstract  

 This chapter investigates the capabilities of two medical classification systems of 

health and disease, the International Classification of Disease 10th Edition (ICD-10) and the 

International Classification of Function, Disability and Health (ICF), for documenting 

disease in human skeletal populations (paleopathology). A small portion of these medical 

classification systems were applicable to paleopathological analysis, but these sections could 

be easily adapted for use during, or subsequent to, data collection. Adapting the relevant 

portions of ICD-10 and ICF required new guidelines for code choice, highlighting the need 

for a formal process to map these systems into the study of skeletal remains. ICF/ICD-10 

coding of skeletal features provided a means of easily aggregating data for the identification 

of paleopathological trends and patterns.  

2.2. Introduction  

 Documenting human remains prior to repatriation has become a familiar task in 

many museums and universities. Information on metrics, non-metrics, skeletal anomalies, 

and pathological lesions is vital to understanding past populations. Collecting such 

information on human remains that are soon to be lost to the scientific record requires 

standardization since differences in data collection methods, data manipulation, data 

categorization, and data archiving may preclude valid aggregation. In the “global village”, 

comparing and contrasting populations based on temporal, geographical, and cultural origins 

would increased our knowledge of the past. Also, in a world where skeletal populations are 

being repatriated and reburied, or found and reburied, standardization helps to ensure that a 

range of appropriate data is collected in a usable fashion. Standardized recording methods 

exist for documenting human remains prior to repatriation. „Standards for Data Collection 

from Human Skeletal Remains‟ (Buikstra & Ubelaker, 1994) is one example of a system 

adopted for such a use. Despite this and other resources, definition and classification in 

paleopathology has remained a popular issue for discussion. 

 The study of disease in past populations is not new. Principally a field of description, 

paleopathology traces its roots back at least 150 years (Ortner, 1991). Drawing heavily upon 

medical knowledge, but more specifically the subdisciplines of pathology, orthopaedics and 

radiology, paleopathologists use clinical studies to define and quantify disease expression in 
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the remains of the dead (Ortner, 1994; Roberts & Manchester, 2007). In fact, “the use of 

clinical data to diagnose disease in a skeleton is the base from which all paleopathologists 

work” (Roberts & Manchester, 2007). With such a reliance on medical syntheses and an 

acknowledged need for standardization, it is surprising that paleopathology has not 

incorporated standard classificatory systems from medicine and healthcare as documentation 

tools (Ortner, 1994; Brickley, 2004; Ortner, 2005; Roberts & Manchester, 2007).  

 Health and disease in modern populations can be categorized using various systems, 

but only a few systems were developed as global classification tools. These include the 

International Classification of Disease 10th Edition (ICD-10) and the International 

Classification of Function, Disability and Health (ICF). Both systems were developed and 

endorsed by the World Health Organization (WHO) and are a potential means of addressing 

the issue of standardized classification for cross usage of information in paleopathology.  

 This paper explores the potential use of ICD-10 and ICF as classificatory tools for 

paleopathology in the context of data collection prior to repatriation. The prospect of 

incorporating widely used and accepted medical classificatory systems into anthropology 

explores a link to the modern world of disease identification, diagnosis and interpretation.  

2.3. Paleopathology: Standardization and Classification  

 The need for standardization in the field of paleopathology has been recognized for 

some time due to the lack of consistency in the way skeletal lesions are described and 

recorded (Ortner, 1991; Ortner, 1996; Roberts & Manchester, 2007). Discrepancies in lesion 

documentation often preclude the use of data amalgamation from multiple studies (Ortner, 

1991; Ortner, 2005). However, the push to repatriate curated human remains from 

institutional holdings has increased the need for researchers to focus on description rather 

than diagnosis. These documentation issues have spurred dialogue concerning accepted 

terminology and standardization of descriptive approaches (Ortner, 1991; Ortner, 1994; 

Thillaud, 1994; Buikstra & Ubelaker, 1994; Ortner, 1996; Roberts & Connell, 2004; Roberts 

& Manchester, 2007).  

Presently, the literature used for interpreting skeletal lesions follows two main 

formats. The first is based on causation; such as, determining if the lesion is traumatic, 

infectious, or congenital (Steinbock, 1976; Rose et al., 1991; Roberts & Connell, 1994; 
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Rogers & Waldron, 1995; Aufderheide & Rodriguez-Martin, 1998; Ortner, 2003; Roberts & 

Manchester, 2007). The second is organized by lesion location; such, as skull, vertebra, or 

rib (Mann & Murphy, 1990; Mann & Hunt, 2005). Both approaches have their merits and 

are useful when conducting a skeletal analysis. The literature in this area, along with 

published classification systems, stress a standard descriptive approach to the recording of 

skeletal pathology, with an emphasis on detailed description first and diagnosis second 

(Buikstra & Ubelaker, 1994; Thillaud, 1994).  

 Developed for the recording of repatriatable collections, “Standards for Data 

Collection from Human Skeletal Remains” (Buikstra & Ubelaker, 1994) endorses a coded 

system for recording skeletal lesions. Buikstra & Ubelaker proposed three main sections: 

location (separated by side, section, and aspect), bone, and pathology. Each section is 

subdivided into numerically coded qualifiers. For example, under Bone, skull is 2.0.0 and 

frontal 2.0.1.  

 Other classificatory systems have been developed for categorizing conditions 

(Ortner, 1968; Grmek, 1975/1976; Rogers, 1987; Rogers et al., 1987; Thillaud, 1994; 

Steckel et al., 2005); however, these systems are less widely cited, as compared to Buikstra 

and Ubelaker (1994). This may be because the Buikstra and Ubelaker system arose to 

address the need for documentation of skeletal collections due to repatriation in the United 

States (NAGPRA, Native American Graves Protection and Repatriation Act). Despite these 

efforts to provide a framework for classifying skeletal pathology, the issue of standardization 

is still cited as a problem in the field.  

2.4. Clinical Practice: Standardization and Classification 

 In the fields of health and disease there has been a long-standing tradition, dating 

back to the18th century, of using globally accepted classification standards (WHO, 1990). 

The World Health Organization and its members now endorse ICD-10 and ICF for 

classifying health and disease. Both are coded systems that provide a common definition, 

measurement, and policy-making framework for health and disability. These systems can be 

used in tandem to increase understanding of disease and its affects on the individual and the 

population in which they live.  
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2.4.1. International Statistics Classification of Diseases and Related Health 

Problems (ICD) 

 Initiated in 1893 as a list of causes of death, ICD is now in its 10th edition (ICD-10) 

and has expanded to cover all diseases. ICD “was endorsed by the Forty-third World Health 

Assembly in May 1990 and came into use in WHO Member States as from 1994” (WHO, 

1990). ICD-10 is an international medical classification system that has been used to 

determine the health status of populations, to examine disease incidence and prevalence 

rates, and to identify variables related to susceptibility. The classification system is used to 

record information on death certificates and hospital records and is a vital tool for coding 

information for improved storage and retrieval. This provides the mechanism for aggregating 

mortality and morbidity statistics by WHO member states. 

 The classification system is divided into twenty-two chapters, each representing a 

type of disease or related health problem. One chapter of interest to osteological analysis is 

XIII “Diseases of the musculoskeletal system and connective tissue”. Each chapter is 

separated into blocks (Chapter XIII is identified as M00-M99). Each block of numbers is 

divided into subsections, each representing one condition. ICD-10 employs a hierarchical 

system with each level building on the information provided by the one above, with the 

associated alphanumeric code showing the relationship. For example, an ICD-10 code for 

knee osteoarthritis could be M17.2 (Gonarthrosis [arthrosis of knee], Post-traumatic 

gonarthrosis, bilateral). 

2.4.2. International Classification of Functioning, Disability and Health (ICF) 

 Revised from the International Classification of Impairments, Disabilities, and 

Handicaps (ICIDH), ICF was “endorsed by the Fifty-fourth World Health Assembly for 

international use on 22 May 2001” (WHO, 2001). Based on medical and social models 

(WHO, 2002), the new version sought to move away from a “consequences of disease” 

focus to a “components of health” perspective (WHO, 2001). The 191 WHO member states 

agreed to use this tool to globally standardize data on health and disability (WHO, 2002) 

with the aim “to provide a unified and standard language and framework for the description 

of health and health-related states” (WHO, 2001). 
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 ICF was developed to serve various fields of study. The ICF aims are relevant to 

anthropology research: 

 provide a scientific basis for understanding and studying health and health-related 

states, outcomes, and determinants; 

 establish a common language for describing health and health-related states to 

improve communication between different users; 

 permit data comparison across countries, health care disciplines, services, and time; 

 provide a systematic coding scheme for health information systems (WHO, 2001). 

ICF is separated into health and health-related domains that are grouped into two main 

sections “Body Functions and Structures” and “Activities and Participation” and four main 

headings: “Body functions”, “Body structures”, “Activities and participation” and 

“Environmental factors”. Beneath each heading are chapters, eight in body functions, eight 

in body structures, nine in activities and participation, and five in environmental factors. 

This classification system organizes pertinent information for an individual with a specific 

health condition. ICF seeks to move beyond the physical to include an individual‟s living 

environment and the impact of their social structure. “Thus, ICF attempts to achieve a 

synthesis, in order to provide a coherent view of different perspectives of health from a 

biological, individual and social perspective” (WHO, 2001).  

 As with ICD-10, ICF has limited utility for paleopathology since it was developed to 

study living populations. Out of ICF‟s many chapters, only a few sections in “Body Structure” 

are presently applicable to the study of human skeletal remains: Chapter 7 titled “Structures 

related to movement”, coded as s7 („s‟ for body structure and „7' for chapter 7) and Chapter 3 

titled “Structures involved in voice and speech”, coded as s3. As an example, s730 codes upper 

extremity structure, s7300 - upper arm structure, s73001 - elbow joint. As can be seen, each 

additional number added to the sequence provides an extra level of information. However, 

even the basic codes offer a degree of classification capability. Three additional numbers, 

called qualifiers, are added to these primary codes. The first is a generic qualifier related to 

impairment (e.g. 1=mild, 2=moderate, 3=severe). The second qualifier is used to indicate the 

nature of the change in the respective body structure (e.g. 0=no change, 1=total absence, 

2=partial absence, 3=additional part, etc.). The third qualifier indicates localization (e.g. 
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1=right, 2=left, 3=both sides, 4=front, etc.). An ICF code for a musculoskeletal condition 

could read s73001.153, with s73001=elbow joint, 1=mild, 5=discontinuity, 3=both sides. 

2.5. Can Medicine and Paleopathology use Common Ground? 

 Perhaps a better question than “Can medicine and paleopathology use common 

ground?” would be “Should two distinct fields of study try to establish a common 

classificatory link”? A positive response is supported since many of the diagnoses from 

human skeletal remains are derived from data collected on modern populations. Some have 

argued that “the paleopathologist also needs to develop a classificatory system that takes full 

advantage of the data available in the material being studied. We need ongoing dialogue 

between paleopathologists and medical colleagues to ensure as much overlap as possible 

with medical terminology and classificatory (diagnostic) categories” (Ortner, 1991). A 

common system could use common coding as a gateway to information severely lacking in 

past population research, such as how a person functioned with impairment.  

 As a means of exploring the hypothesis that an overlapping classificatory system is 

possible, the application of ICD-10 and ICF models for categorizing paleopathological 

lesions was adopted into the data collection protocols for human remains being repatriated 

from the collections of the Canadian Museum of Civilization. These protocols are based on 

„the Standards for Data Collection from Human Skeletal Remains‟ (Buikstra & Ubelaker, 

1994) but are constantly being broadened to include a wider variety of observations.  

2.6. Methods  

 A column based data collection form was developed to capture information on lesion 

location, description, ICD-10 code, and ICF codes. A reference book with information on 

ICD-10 and ICF codes relevant to musculoskeletal conditions was created to facilitate 

coding. For the ICF classification system, the reference book was comprised of two chapters 

from the „body structures‟ section, Chapter 7 – Structure related to movement and Chapter 3 

– Structures involved in voice and speech. For ICD-10, Chapter XIII – Diseases of the 

musculoskeletal system and connective tissue, part of Chapter XI – Diseases of the digestive 

system, and portions of Chapter XIX – Injury, poisoning and certain other consequences of 

external causes were included.  
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 From a single repatriation in the Ottawa valley, 15 skeletons of varying degrees of 

completeness (crania to almost complete skeletons) were examined. Descriptive and visual 

recording of all pathological lesions was undertaken. This primary documentation was 

reviewed and ICD-10 and ICF codes were recorded using the code collection forms. For 

each skeleton examined, descriptive and coded information was provided for both individual 

lesions and general pathological conditions. While coding the data, decisions on code 

selection were made and noted in a log to maintain consistent coding practice. 

2.7. Results  

 For this pilot study, features are defined as skeletal lesions (areas of pathologically 

alteration) or anomalies (deviations from normal). All features from the skeletal remains 

were successfully coded using ICD-10 and ICF (e.g. Table 2.1).  

 The number of features coded for each case ranged from 1 to 24, with the most codes 

produced by the most complete set of remains. The sample as a whole generated 82 codes 

per classification system, with complimenting ICF and ICD-10 codes for each feature (i.e., 

82 codes for ICF, 82 codes for ICD-10). The pathological codes were grouped into eight 

categories for comparison (Table 2.2). The degenerative joint disease category (excluding 

spinal changes) accounted for the largest percentage of total codes at 33.83%; dental 

pathology was second at 26.46%, and spinal changes third at 19.13% (Table 2.3).   

 Other features, not considered lesions in paleopathology but falling under the 

anomalies description, were also classified using ICF and ICD-10. Table 2.4 presents  

ICD-10 codes that can be used for such skeletal analyses.  

 

Table 2.1: Example of ICF and ICD-10 coding for skeletal remains. 

Location Description ICD Code ICD Code Description ICF Code ICF Code Description 

Mandible M3s 

congenitally 

absent 

K00.0 anodontia S3200.123 teeth / mild / partial absence / 

both sides 

 dental attrition K03.0 excessive attrition of 

teeth 

s3200.170 teeth / mild / qualitative 

changes in structure / more 

than one region 

 periodontal 

disease 

K05.3 chronic perodontitis s7101.120 bones of face / mild / partial 

absence/ more than one region 

 LM2 odd wear 

pattern 

K03.1 abrasion of teeth  s3200.242 teeth / moderate / aberrant 

dimensions / left 
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 dental calculus K03.6 deposits (accretionss) 

on teeth 

s3200.130 teeth / mild / additional part / more 

than one region 

  torus K10.0 developmental 

disorders of jaws 

(torus) 

s7101.133 bones of face / mild / additional part 

/ both sides 

Maxilla M3s 

congenitally 

absent 

K00.0 anodontia s3200.122 teeth / mild / partial absence / left 

 dental attrition K03.0 excessive attrition of 

teeth 

s3200.170 teeth / mild / qualitative changes in 

structure / more than one region 

 periodontal 

disease 

K05.3 chronic perodontitis s7101.220 bones of face / moderate / partial 

absence / more than one region 

 dental 

crowding 

K07.3 anomalies of tooth 

position 

s3200.161 teeth / mild / deviating position / 

right 

 peg shaped 

RM3 

K00.2 abnormalities of size 

and form of teeth 

s3200.141 teeth / mild / aberrant dimensions / 

right 

  dental calculus K03.6 deposits (accretions) 

on teeth 

s3200.130 teeth / mild / additional part / more 

than one region 

Cranium - 

TMJ 

DJD K07.6 temporomandibular 

joint disorders 

s7103.151 joints of head and neck region /mild 

/ discontinuity / right 

Cranium - 

occipital 

condyle 

DJD M19.0 primary arthrosis of 

other joints 

s7103.143 joints of head and neck region / mild 

/ abberant dimensions / both sides 

Scapulae - 

glenoid 

fossae 

DJD M19.0 primary arthrosis of 

other joints 

s7201.14(5)3 joints of shoulder region / mild / 

abberant dimensions(discontinuity) / 

both sides 

Humerus - 

distal end 

DJD M19.0 primary arthrosis of 

other joints 

s73001.153 elbow joint / mild / discontinuity / 

both sides 

Ulna - 

proximal end 

DJD M19.0 primary arthrosis of 

other joints 

s73001.143 elbow joint / mild / abberant 

dimensios / both sides 

Spine - 

cervical 

DJD M47.8 other spondylosis s76000.140 cervical vertebral column / mild / 

abberant dimensions / more than one 

region 

Spine - atlas ossified 

ligament 

M46.0 spinal enthesopathy s76000.137 cervical vertebral column / mild / 

additional part / distal 

Spine - 

thoracic 

DJD M47.8 other spondylosis s76001.140 thoracic vertebral column / mild / 

abberant dimensions / more than one 

region 

Spine - 

thoracic 

ossified 

ligament 

M46.0 spinal enthesopathy s76001.230 thoracic vertebral column / moderate 

/ additional part / more than one 

region 

Spine - 

lumbar 

DJD M47.8 other spondylosis s76002.140 lumbar vertebral column / mild / 

abberant dimensions / more than one 

region 

Spine - L6 spondylolysis M43.0 spondylolysis s76002.423 lumbar vertebral column / complete / 

partial absence / both sides 

Rib - heads DJD M47.8 other spondylosis s7608.140 structures of trunk, other specified / 

mild / abberant dimensions / more 

than one region 

Tarsal / 

Metatarsal 

DJD M19.0 primary arthrosis of 

other joints 

s75021.152 ankle joint, joints of foot and 

toes/mild/discontinuity/left 
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Table 2.2: The ICD-10 pathological codes grouped into eight categories. 

Category ICD Code Description 

Arthrosis K07.6 Temporomandibular joint disorders 

 

M15.0 Polyarthrosis 

 

M16.7 Other secondary coxarthrosis 

 

M16.9 Coxarthrosis, unspecified 

 

M17.4 Other secondary gonarthrosis, bilateral 

 

M18.9 Arthrosis of first carpometacarpal joint, unspecified 

 

M19.0 Primary arthrosis of other joints 

 

M19.9 Arthrosis, unspecified 

Dental pathology K00.0 Anodontia - hypodontia 

 

K00.2 Abnormalities of size and form of teeth 

 

K00.4 Disturbances in tooth formation 

 

K01.0 Embedded teeth 

 

K04.6 Periapical abscess with sinus 

 

K05.3 Chronic periodontitis 

 

K05.6 Periodontal disease, unspecified 

 

K07.3 Anomalies of tooth position 

 

K08.1 

Loss of teeth due to accident, extraction or local 

periodontal disease 

Spine M43.0 Spondylolysis 

 

M46.0 Spinal enthesopathy 

 

M47.8 Other spondylosis 

 

M50.3 Other cervical disc degeneration 

 

M51.3 Other specified intervertebral disc degeneration 

 

M51.4 Schmorl's nodes 

Fracture S02.0 Fracture of skull vault 

 

S62.3 Fracture of other metacarpal bone 

 

S62.8 Fracture of other and unspecified parts of wrist and hand 

Development disorders of jaws (tori) K10.0 Development disorders of jaws 

Osteochondritis dessicans M93.2 Osteochondritis dessicans 

Osteonecrosis M87.9 Osteonecrosis, unspecified 

Enthesopathy M76.9 Enthesopathy of lower limb, unspecified 

 

Table 2.3: Percentage of ICD-10 pathological codes falling within various groupings. 

 

Description Percentage 

Arthrosis 33.83% 

Dental pathology 26.46% 

Spine 19.13% 

Development disorders of jaws (tori) 5.88% 

Fracture 4.41% 

Osteochondritis dessicans 4.41% 

Osteonecrosis 2.94% 

Enthesopathy 2.94% 
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Table 2.4: ICD-10 codes identified for factors considered anomalous and non-pathological in 

skeletal analyses. 

Category ICD Code Description 

Anomalies K03.6 Deposits on teeth 

 

K03.0 Excessive attrition of teeth 

 

K03.1 Abrasion of teeth 

 

K03.4 Hypercementosis 

 

2.8. Discussion 

 The use of ICD-10 was successful, although some decisions on proper code 

employment were required. For example, degenerative changes at the rib/vertebral 

articulation were coded as M47.8 (other spondylosis) instead of M19.0 (primary arthrosis of 

other joints) as ICD-10 did not have precise codes for this region. The spondylosis code was 

chosen because it was more specific to the area in the skeleton as compared with the non-

descript qualifier „general arthrosis‟.  

The primary coding for ICF was also straightforward. However, using the first, 

second, and third qualifiers proved challenging. The first qualifier deals with degree of 

impairment, which cannot be assessed from archeological remains. Therefore, this qualifier 

was used as degree of expression. The second qualifier is a quality measure; however, one 

skeletal lesion may have multiple features that cannot be catalogued using one code. Two 

procedures were employed to address this issue: 1) the most prominent feature was coded 

and identified in the log; 2) Secondary features were given separate codes.  For example, 

when categorizing degenerative changes to a joint surface, including peripheral osteophytes 

and surface erosion, additional part (3), aberrant dimensions (4), discontinuity (5), or 

qualitative changes in structure (7) are applicable. Both secondary qualifier 4 (aberrant 

dimensions - produced at the joint by the marginal bone proliferation) and 5 (discontinuity – 

mainly produced by islands of porosity on the surface of the joint) were found to be more 

applicable, though arguably “additional part” and “aberrant dimensions” and “discontinuity 

and “qualitative changes in structure” can refer to similar features. The third qualifier, 

location, was easily coded for all remains.  
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Despite the limitations, specific conditions and lesions could be coded and the amount of 

time needed to do so decreased as familiarity with the system improved. The coded results 

simplified the data and allowed for quick entry into a database. This electronic resource 

permitted the simple aggregation of features and created a system for categorizing and 

archiving data from repatriated human remains. This suggests that the streamlined coding 

system could be useful in creating and examining pathological datasets producing a research 

tool for the future where curated collections may no longer be available. However, the full 

potential of this system cannot be tested until the ICD-10 and ICF frameworks are 

adequately developed for the field of paleopathology, which will require the establishment of 

mapping rules for consistent coding.  

2.9 Conclusions  

 Fields of paleopathology and medicine have worked to address issues of 

standardization and classification. The success of the medical world can be attributed to the 

global framework in which the systems are developed and implemented. Paleopathology 

does not have the luxury of such an apparatus. Since paleopathology is a field that relies 

heavily on clinical study, healthcare models deserve further consideration as a means of 

classifying data accumulated during analysis prior to repatriation. ICF and ICD-10 are two 

complementary systems that can provide a classification structure for the documentation of 

skeletal remains.  

 As in this repatriation scenario, where the categorization occurred subsequent to the 

data collection, categorization can be used as a complementary system for synthesis (i.e., in 

conjunction with the primary recording system for human remains). In this way, 

classification can be a useful link in the knowledge transfer and data aggregation chains.  
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Chapter 3. Linking Bone Changes in the Distal Femur to 

Functional Deficits 

 This chapter, published in the International Journal of Osteoarchaeology, discusses 

the qualitative approach to grading knee OA severity by developing the Clinical 

Archaeological Osteoarthritis Score (CAOS) grading system and relates this new system to 

specific outcome variables to create a means of applying the relation between bone changes 

and outcomes to archaeological populations.  

 

Young, J. L. & Lemaire, E. D. (2012), Linking Bone Changes in the Distal Femur to 

Functional Deficits. International Journal of Osteoarchaeology.. doi: 10.1002/oa.2257 

 

  



48 

 

 

 

 

Linking Bone Changes in the Distal Femur to Functional Deficits 

 

Janet L. Young and Edward D. Lemaire 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Keywords = degeneration, osteoarthritis, knee, impairment, MRI, bioarchaeology, 

Osteoarthritis Initiative  

  



49 

 

3.1. Abstract 

  Knee osteoarthritis is a condition that leads to functional deficits in the afflicted. 

Quantifying these deficits in a clinical population and relating them to bone changes in the 

distal femur is crucial to identifying potential impairment in archaeological populations. This 

study provides a knee osteoarthritis grading system linking MRI observations of clinical 

populations and direct bone observations on skeletal populations. This grading system is 

then related to 28 pain, disability, and activity limitation outcome variables provided by the 

Osteoarthritis Initiative (OAI) through frequency distributions, probability profiles, and 

Spearman‟s rank correlations. The results suggest that while the five outcome variables with 

the highest probabilities were common to males and females, bone changes in knee 

osteoarthritis impact males and females differently. 

3.2. Introduction 

Bioarchaeologists often assume that archaeological human bone with advanced 

pathological changes would have caused intense symptoms, including pain and disability. 

Unfortunately, there is little empirical evidence to support this view. Osteoarthritis (OA) is 

one condition where advanced bone changes arouse empathy for the afflicted. OA is one of 

“the most common diseases of the musculoskeletal system among degenerative and 

inflammatory rheumatic disorders”, along with rheumatoid arthritis (Ay et al., 2008, p.159). 

OA can cause pain, disability, and psychological distress. OA can also limit activity, 

negatively affect quality of life, and is the leading cause of disability in North America and 

developed countries (Spector et al., 1996; Ayis et al., 2007; Marra et al., 2007; Rosemann et 

al., 2007; Ay et al., 2008). In archaeological populations, OA is cited as the commonest joint 

disease (Rogers & Waldron, 1995); however, research is needed to determine the potential 

impact of this pathological condition on these archaeological populations. 

OA is caused by cartilage and subchondral bone degeneration (Fautrel et al., 2005), 

which is believed to occur when the natural balance of deterioration and repair of the joint 

tissues is disproportionate, resulting in structural and functional joint failure (Hunter et al., 

2008). While this progressive joint failure can cause pain and adversely affect activities of 

daily living, many people who have structural changes consistent with OA are, for reasons 

unknown, asymptomatic (Rapp et al., 2000; Hunter et al., 2008).  
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While OA affects many joints, knee OA has a direct effect on functioning and 

mobility, two important characteristics for archaeological populations reliant on physical 

capacity for subsistence. The knee is also considered one of the major locations for OA in 

archaeological populations (Rogers & Waldron, 1995). Knee OA is progressive and 

eventually leads to mechanically induced knee joint failure (Biscevic et al., 2008; Maly et 

al., 2008). Functional symptoms include stiffness, instability, and buckling; sensory 

symptoms include chronic pain; and psychological symptoms can include emotional distress 

and depression (Cooper et al., 2000; Dieppe, 2000; Breedveld, 2004; Fitzgerald et al., 2004; 

Parmelee et al., 2007; Hunter et al., 2008). In some cases, the functional and sensory 

symptoms may lead to modified knee biomechanics in an attempt to limit sensory intensity. 

These movement modifications mainly occur during sitting, standing, bending, and walking 

(Hall et al., 2008). 

Linking knee OA symptoms to physical changes in the knee joint, and associated 

disability, has met with mixed results that range from a distinct association between joint 

changes and symptoms (Lethbridge-Cejku, 1995; Spector et al., 1996; Szebenyi et al., 2006; 

Neogi et al., 2008; Zhai et al., 2008) to poor correlation (Altman et al., 1986; Rogers et al., 

2004; Roseman et al., 2007), to discordance between pain and x-ray features (Barker et al., 

2004; Faucher et al., 2004; van der Kraan et al., 2007; Maly et al., 2008; Oka et al., 2008). 

Though more radiographic evidence is present for those with chronic pain (Hopman-Rock et 

al., 1998), the “relationship between pain and degenerative structural changes in joints is 

poorly understood” (Thorp et al., 2007, p.1257). Pain is often cited as the predominant 

symptom and the main reasons for disability in knee OA and relates to a person‟s perception 

of their ability rather than their actual ability to perform (Lethbridge-Cejku, 1995; Hopman-

Rock et al., 1998; Bennell et al., 2003; Williams et al., 2004; Peters et al., 2005; van der 

Waal et al., 2005; Maly et al., 2006; Rosemann et al., 2006; Parmelee et al., 2007; Tuzun, 

2007; Hunter et al., 2008; Maly et al., 2008; Maly, 2009). Knee OA pain can be activity 

related or mechanical, deep, aching, and non- localized. This pain slows activity and leads to 

a lack of trust in the knee, especially during challenging pursuits (Maly, 2009).  

In clinical settings, OA is primarily assessed through radiographs (Oka et al., 2008). 

The bone features associated with knee OA radiographs and chronic pain include 

osteophytosis, subchondral sclerosis, and bone marrow lesions (Altman et al., 1986; 
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Lethbridge-Cejku, 1995; Spector et al., 1996; and Zhai et al., 2008). Schiphof et al. (2008) 

and Lethbridge-Cejku (1995) identified osteophyte (bone projections) formation on the joint 

margins or in ligamentous attachments (ex., tibial spines), joint space narrowing associated 

with subchondral bone sclerosis, cystic areas with sclerotic walls situated in the subchondral 

bone, and altered shape of the bone ends as OA indicators. One of the most cited instruments 

to grade these radiographic changes is the Kellgren-Lawrence Grading Scale (Kellgren & 

Lawrence, 1957). This tool grades the three main physical features associated with OA: 

osteophytes formation, joint space narrowing, and subchondral sclerosis, from 0-4 (Salaffi et 

al., 2005). Definite knee OA has a Kellgren-Lawrence grade of two or higher (Lethbridge-

Cejku, 1995).  

Not all the features used in the Kellgren-Lawrence model are available 

bioarchaeologically; therefore, for archaeological bone OA is defined by characteristic 

changes visible on joint surfaces. Rogers et al. (1987, p. 185) defined these features as “(1) 

the formation of true, marginal osteophytes; (2) subchondral bone reaction (eburnation, 

sclerosis, cysts); (3) pitting of joint surfaces; and in severe cases (4) alterations in the joint 

contours.”  

T his paper proposes a method for relating impairments with bone changes due to knee 

OA. This information is currently not accessible in the bioarchaeological dialogue. However, 

creating such a correlate to impairment could allow researchers to move beyond descriptive 

text to identifying potential limitations related to movement and activities of daily living for 

archaeological populations.  

3.3. Material and Methods 

A clinical population is needed to establish the link between bone degeneration and 

functional outcomes. The Osteoarthritis Initiative (OAI) is ideal for examining lifestyle, 

activity, and participation limitations based on changes of the knee joint associated with OA. 

OAI is a multi-center, longitudinal, cohort, prospective observational study focusing 

primarily on knee OA (Nevitt et al., 2006). 

The OAI study consists of 4607 male and female participants of various ethnicities 

ranging in age from 45 to 79 at baseline, with women slightly more represented than men. 

This cohort continues to be evaluated on a yearly basis with data available for baseline, 12, 
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24, 30, 36, and 48 month follow-ups. These data include a set of knee OA status and 

outcome measurements (clinical and imaging) including pain, physical function, patient 

global (overall impact of knee problems), and joint assessments (Nevitt et al., 2006). “Data 

used in the preparation of this article were obtained from the Osteoarthritis Initiative (OAI) 

database, which is available for public access at http://www.oai.ucsf.edu/ ” (OAI, 2006, p. 

2). The specific dataset used for our research was a random sample of 200 participants from 

the 12 month follow-up that was selected from a strata of gender, subcohort assignment 

(“knee symptoms” and “no symptoms but have risk factors for their development”), and 

clinic (four recruitment centers). This sample was one of several MRI packages made 

available through OAI.  

 Since MRI images depicting bone are known to be accurately related to the 

macroscopic appearance of denuded bone (Cohen et al., 1999; Iwaki et al., 2000; Woodhead 

et al., 2001; Leitzes et al., 2005; Boileau et al., 2008; Louis et al., 2010; Ochiai et al., 2010), 

a grading system that is equally applicable to clinical and archaeological skeletal populations 

was developed. This new system, the Clinical Archeological Osteoarthritis Scale (CAOS), 

was used to grade the degree of knee OA visible in MRIs and focused on features previously 

identified as significant in the Kellgren-Lawrence (1957) and Rogers et al. (1987) grading 

systems: marginal osteophyte formation and alterations in joint contours. Pitting 

(micro/macroporosities) or cysts were also selected since they are readily detectable on both 

denuded bone and MRIs and are accepted as important indicators of disease progression for 

archaeological populations.  

The CAOS grading system, based on the femur‟s distal articular surface, was 

developed to capture the degree of bone change with the progression of knee OA (Table 

3.1). Consisting of four grades, 0 represents no changes (Figure 3.1), 1 represents very mild 

changes in the form of minimal marginal bone exostosis that may produce minor 

irregularities to the joint margin (Figure 3.2), 2 represents possible surface microporosities 

with distinct osteophytes along the articular margins producing evident contour irregularities 

(Figure 3.3), and 3 represents deterioration of the articular surface shown by the presence of 

porosities and/or cysts and completely irregular articular surface margins produced by 

excessive osteophyte formation (Figure 3.4). 
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Table 3.1: The CAOS grading system. 

 

Features of the Distal Femoral Articular Surface 

CAOS 

Grade 

Marginal Bone 

Proliferation 

Irregular Surface 

Margins Porosities Predominant Feature 

0 none none none smooth articular 

surface with well 

defined rounded joint 

margins 

1 minor bony exostosis 

usually seen in region 

of intercondylar notch 

minimal none smooth articular 

surface with slightly 

irregular margins due 

to minor marginal 

bone proliferation 

creating a sharpening 

of the edge in some 

areas 

2 minimal to moderate 

osteophyte formation 

minimal to moderate microporosities may be 

present 

marginal bone 

proliferation in the 

form of distinctive 

osteophytes creating 

irregular and sharp 

margins in some areas 

3 moderate to excessive 

osteophyte formation 

distinctive irregular 

joint surface margins 

distinctive 

microporosities 

present; 

macroporosities and/or 

cysts may be present 

articular surface has 

obvious porosities; 

joint contours are 

sharp and irregular 

along most of the 

margin due to 

advanced bone 

proliferation 

(osteophytosis) 

 

The MRIs for each knee were reviewed using DICOMWORKS (v1.3.5 © 2000, 2001 

Philippe Puech-Loïc Boussel). Of the 200 participants available for study (400 knees) not all 

had the required clinical data or adequate MRI images. A total of 357 knees comprised the 

study sample with 190 male knees and 167 female knees. Individual knees were chosen as 

the unit of analysis because many of the outcome variables are specific to either the right 

knee or the left knee. The participants ranged in age from 46 to 80 years with a mean of 

64.34 years (±9.8) and ranged in Body Mass Index (BMI) from 18.7 to 42.6 with a mean of 

29 (±4.6). Of the 357 knees, 84.5% belonged to Caucasians, 13.4% belonged to African 

Americans, 1.05% belonged to Asians and 1.05% belonged to other non-Caucasian. CAOS 

grading outcomes were generated for all knees. 

Variables related to pain, disability, and activity limitations were collected by OAI 

using a series of self-administered questionnaires. The Western Ontario and McMaster 
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Universities Arthritis Index (WOMAC) questionnaire assessed pain during daily activities, 

joint stiffness, and physical function (Bellamy et al., 1988). The Knee Injury and 

Osteoarthritis Outcome Score (KOOS) questionnaire assessed pain at higher intensity 

movement, symptoms, function in sport and recreation, and knee related quality of life (Roos 

et al., 1998). The Health Survey Short Form 12 (SF-12®) questionnaire measured physical 

status (Ware et al., 1996).  

 

 

Figure 3.1: CAOS grade 0 as represented by two (1a and 1b) MRI proximal to distal cross-

sections of the distal femur from the OAI clinical sample exhibiting a smooth youthful 

appearance. Three photographs of an archaeological bone sample with views of the distal 

surface (1c), anterior surface of the distal end (1d), and posterior surface of distal end (1e) 

exhibiting no degenerative bone changes. 

 

Outcome variables were chosen from OAI for their relevance to archaeological 

populations. OAI graded most variables on a 5 point Likert scale, a point scale that measures 

participant attitude based on level of agreement to specific survey questions or statements 

(Uebersax, 2006). This 5-point scale was reduced to dichotomous data, with outcomes 

recorded as present or absent. Nine variables were used to assess pain (straightening knee 

fully, twisting/pivoting, standing, in bed, walking, bending knee fully, stair ascent or 

descent, sitting or lying down, interference with normal work), 14 variables were used to 
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assess disability (light chores, walking, standing, downstairs, stand from sitting, bending, 

heavy chores, walking upstairs, twisting/pivoting, running, jumping, kneeling, squatting, 

having more difficulty with knee), and five variables were used to assess activity limitations 

(limited in kind of work, accomplish less, limited with several flights of stairs, limited in 

moderate activities, modified lifestyle to avoid activities that may damage knee).  

 

 

Figure 3.2: CAOS grade 1 as represented by two (2a and 2b) MRI proximal to distal cross-

sections of the distal femur from the OAI clinical sample exhibiting slight bone proliferation 

along the margins of the intercondylar notch. Three photographs of an archaeological bone 

sample with views of the distal surface (2c), anterior surface of the distal end (2d), and 

posterior surface of distal end (2e) exhibiting minor marginal bone proliferation most 

evident along the intercondylar notch. 

 

Linking OAI outcome variables to activities completed by archaeological populations 

will depend on the population chosen. However, certain generalities can be considered. For 

instance, climbing hills or navigating a hilly terrain could be equivalent to stair 

ascent/descent; crouching while hunting or squatting while preparing food could be linked to 

the bending knee fully, kneeling, or squatting variables; knee mobility when chasing prey or 

when tilling fields could be linked to twisting/pivoting variables or the running/walking 

variables.  
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Figure 3.3: CAOS grade 2 as represented by two (3a and 3 b) MRI proximal to distal cross-

sections of the distal femur from the OAI clinical sample exhibiting moderate osteophyte 

formation around the articular surface periphery creating irregular margins. Three 

photographs of an archaeological bone sample with views of the distal surface (3c), anterior 

surface of the distal end (3d), and posterior surface of distal end (3e) exhibiting similar bone 

proliferation distribution and irregular articular margins. 

 

Frequency distributions for each OAI outcome variable were used to calculate the 

probability of having a functional deficit at each CAOS grade. These probabilities were 

generated for males, females, and the population as a whole. Spearman‟s rank correlations 

were calculated to determine if the probabilities were significantly related to the CAOS 

grade.  

Since the sample population is clinical in nature, medication usage was also assessed 

to determine if medication might have had a masking effect on the outcomes, thereby 

affecting the bioarchaeology relevance of any findings. 
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Figure 3.4: CAOS grade 3 as represented by three (4a, 4b, and 4c) MRI proximal to distal 

cross-sections of the distal femur from the OAI clinical sample exhibiting 

macroporosities/cysts and excessive osteophyte formation around the articular surface 

periphery creating distinctly irregular margins. Three photographs of an archaeological bone 

sample with views of the distal surface (4d), anterior surface of the distal end (4e), and 

posterior surface of distal end (4f) exhibiting surface porosities, widespread bone 

proliferation, and very irregular articular margins. 

3.4. Results 

 The complete list of probabilities for each outcome variable at each CAOS grade can 

be found in the Appendix (section 3.9). The significant female probabilities can be found in 

Table 3.2 and the significant male probabilities in Table 3.3. The probability data can also be 

used to generate probability profiles for specific cases of right knee / left knee combinations 

(see Table 3.4 for an example). Significant correlations (p ≤0.01) between the probability of 

having a functional deficit and CAOS grade were found in 61% of the outcome variables for 

the entire sample, 73% of the outcome variables for males, and 30% of the outcome 

variables for females. The probability for each outcome was compared between males and 

females, for each CAOS grade. At CAOS grade 0, females had a greater probability value 

for 93% of the cases. Female probability results were also greater than males for 75% of the 
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variables at CAOS grade 1. Male and female probability results were similar for CAOS 

grades 2 and 3.  

   

Table 3.2: Functional deficit probabilities for each outcome variable and the associated 

significant Spearman‟s rank correlations (r) for females. 

 

` CAOS grade   

OAI Variable 0 1 2 3 r 

moderate activities 0.25 0.31 0.37 0.53 1 

climbing several flights of stairs 0.37 0.56 0.77 0.93 1 

accomplish less 0.59 0.66 0.67 0.8 1 

left pain with stairs 0.54 0.59 0.62 0.73 1 

left pain in bed 0.2 0.31 0.32 0.4 1 

right pain bending knee fully 0.37 0.39 0.52 0.8 1 

left pain twisting/pivoting 0.43 0.45 0.47 0.67 1 

right disability bending 0.39 0.56 0.72 0.91 1 

right disability light chores 0.49 0.54 0.7 0.91 1 

left disability down stairs 0.44 0.48 0.6 0.8 1 

difficulty running 0.06 0.15 0.27 0.6 1 

right disability standing 0.39 0.39 0.52 0.6 0.949 

right disability walking 0.27 0.31 0.6 0.6 0.949 

 

 

When the five highest probabilities for the OAI outcome variables at each CAOS grade were 

compared by sex, similar results were found (Table 3.5) with “overall difficulty with knee”, 

“pain interferes with work”, “modify lifestyle to avoid damaging knee”, stairs, kneeling, 

sitting from standing, and walking being common to both. 

 Table 3.6 lists medication usage by CAOS grade for OA sufferers. Medications 

ranged from homeopathic treatments to over the counter drugs such as acetaminophen and 

ibuprofen to prescription medications such as non-steroidal anti-inflammatories like Bextra 

and Celebrex to steroid injections. As the degree of OA increased medication usage also 

increased, with the worst OA grade having the highest percentage of medication usage. 
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Table 3.3: Functional deficit probabilities adjusted for non-bone influences for each 

significant outcome variable and the associated Spearman‟s rank correlations (r) with 

significant correlations highlighted, for males. 

 

CAOS grade   

OAI Variable 0 1 2 3 r 

limited in kind of work 0.3 0.38 0.57 0.64 1 

right pain walking 0.09 0.39 0.52 0.73 1 

left pain walking 0.13 0.29 0.5 0.64 1 

left pain with stairs 0.35 0.46 0.63 0.73 1 

left pain in bed 0.13 0.16 0.33 0.45 1 

left pain sitting or lying down 0.17 0.25 0.37 0.55 1 

left pain standing 0.17 0.44 0.46 0.64 1 

right pain straightening knee fully 0 0.21 0.35 0.64 1 

right pain bending knee fully 0 0.36 0.43 0.64 1 

left pain twisting/pivoting 0.17 0.35 0.48 0.64 1 

left pain straightening knee fully 0.09 0.2 0.39 0.45 1 

left pain bending knee fully  0.17 0.36 0.43 0.64 1 

right disability sit from stand 0.26 0.46 0.67 0.73 1 

right disability standing 0.13 0.33 0.37 0.45 1 

right disability walking 0.13 0.2 0.37 0.55 1 

right disability light chores 0.22 0.28 0.59 0.7 1 

right disability heavy chores 0.09 0.16 0.4 0.5 1 

left disability down stairs 0.09 0.28 0.57 0.64 1 

left disability up stairs 0.17 0.35 0.57 0.64 1 

left disability sit from stand 0.22 0.42 0.63 0.64 1 

left disability standing 0.13 0.3 0.46 0.55 1 

left disability bending 0.26 0.32 0.44 0.6 1 

left disability walking 0.17 0.24 0.46 0.64 1 

left disability light chores 0.26 0.32 0.43 0.7 1 

left disability heavy chores 0.17 0.19 0.4 0.7 1 

difficulty squatting 0.13 0.4 0.48 0.64 1 

difficulty running 0.09 0.23 0.24 0.27 1 

difficulty jumping 0.09 0.15 0.26 0.27 1 

modify lifestyle to avoid damaging knee 0.39 0.56 0.65 0.73 1 

overall difficulty with knee 0.61 0.74 0.85 1 1 

right pain twisting/pivoting 0.05 0.28 0.45 0.45 0.949 

right disability bending 0.22 0.32 0.6 0.6 0.949 
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Table 3.4: Probability profile of a male with right knee CAOS grade 3 and left knee CAOS 

grade 2. 

 

OAI Variable Grade 2 

 

OAI Variable Grade 3 

left pain with stairs 0.63 

 

overall difficulty with knee 1.00 

left disability sit from stand 0.63 

 

right pain walking 0.73 

right disability bending 0.60 

 

right disability sit from stand 0.73 

left disability down stairs 0.57 

 

modify lifestyle to avoid damaging knee 0.73 

left disability up stairs 0.57 

 

pain interferes with work 0.73 

left pain walking 0.50 

 

difficulty kneeling 0.73 

left pain twisting/pivoting 0.48 

 

right pain with stairs 0.73 

left pain standing 0.46 

 

right disability light chores 0.70 

left disability standing 0.46 

 

limited in kind of work 0.64 

left disability walking 0.46 

 

right pain straightening knee fully 0.64 

left disability bending 0.44 

 

right pain bending knee fully 0.64 

left pain bending knee fully  0.43 

 

difficulty squatting 0.64 

left disability light chores 0.43 

 

accomplish less 0.63 

left disability heavy chores 0.40 

 

right disability bending 0.60 

left pain straightening knee fully 0.39 

 

right disability walking 0.55 

left pain sitting or lying down 0.37 

 

right disability heavy chores 0.50 

left pain in bed 0.33 

 

difficulty twisting/pivoting 0.46 

   

right disability standing 0.45 

   

right pain twisting/pivoting 0.45 

   

climbing several flights of stairs 0.45 

   

right pain standing 0.45 

   

right disability up stairs 0.36 

   

right disability down stairs 0.28 

   

difficulty running 0.27 

   

difficulty jumping 0.27 

   

moderate activities 0.27 

   

right pain sitting or lying down 0.09 

   

right pain in bed 0 

 

 

 

 

Table 3.5: The number of outcome variables, of the 44 examined, that fall within the 

parameters of three probability thresholds. 

 

Outcome 

Probability 

Thresholds 

CAOS Grade 0   CAOS Grade 1   CAOS Grade 2   CAOS Grade 3 

Female Male 
 

Female Male 
 

Female Male 
 

Female Male 

≥ .50 15 (34%) 2 (5%) 

 

12 (27%) 4 (9%) 

 

26 (59%) 19 (43%) 

 

34 (77%) 30 (68%) 

≥ .75 0 1 (2%) 

 

0 0 

 

5 (11%) 2 (5%) 

 

12 (27%) 1 (2%) 

≥ .90 0 0 

 

0 0 

 

0 0 

 

5 (11%) 1 (2%) 
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Table 3.6: Medication usage by CAOS grade for the research sample. 

 

CAOS Grade 
% of patients on medication in 

the last 12 months 

% of patients on medication more than 

1/2 a month in the last 12 months 

0 40.9 19.7 

1 50.8 24.6 

2 64.2 29.6 

3 91 52 

 

3.5. Discussion 

Clinical studies have reported that people with knee OA have a poorer quality of life 

than other groups with musculoskeletal diseases (Tukker et al., 2008). People with knee OA 

have more difficulty performing daily activities, exhibit progressive loss of function, and 

increased dependency for walking, stair climbing, and other lower extremity tasks (Hopman-

Rock et al., 1998; Miller et al., 2001; Maly et al., 2005; Salaffi et al., 2005; van der Esch et 

al., 2006; Maly and Krupa, 2007; Ay et al., 2008; Hall et al., 2008). Fear of falling, loss of 

sleep, rising and sitting down, getting into and out of bed, squatting, and kneeling have also 

been associated with knee OA (Steultjens et al., 1999; Bennell et al., 2003; Maly & Krupa 

2007; Hall et al., 2008). The functional deficits included in this study are consistent with the 

clinical literature. However, quantifying the limitations experienced for each outcome 

variable at each CAOS grade through the use of probabilities operationalizes the information 

and provides a tool to interpret human skeletal remains. This tool is exemplified by the 

development of probability profiles.  

If we take the example of a male with right knee CAOS grade 3 and left knee CAOS 

grade 2 (Table 3.6) since the right knee had the highest CAOS grade the individual would 

have had overall difficulty with their knee. There is a high probability (≥0.7) that the right 

knee would have generated pain with specific tasks such as walking or when 

climbing/descending hills; would have produced general pain that would interfere with 

work; would have made sitting from a standing position, kneeling and light chores difficult; 

and would have been an impetus for activity modification to prevent further symptom 

advancement. There is a moderate probability (0.5 - 0.65) that the symptoms would have 

limited the kind or amount of work accomplished, produced pain when bending or extending 
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the knee joint, made it difficult to squat, or produced disability when walking or conducting 

heavy chores. The left knee at CAOS grade 2 would have produced less difficulty but would 

have had a moderate probability of causing pain and disability with hills, and pain while 

walking. Creating such probability profiles is an important step in understanding the impact 

of bone changes on the lives of people and can broaden our interpretation of past 

populations. They also allow for contrasting populations. 

As an example, a female with CAOS grade 3 has a 0.93 probability of having 

difficulty climbing several flights of stairs while the probability for males of the same grade 

and the same task is much lower at 0.45. For archaeological populations, this may mean that 

most females would experience problems when going up and down hills with CAOS grade 3 

while more than half of males would not experience this functional deficit. 

 This contrast between males and females illustrates the variability among sexes and 

highlights the need for a sex-based interpretation for knee OA. Though the „entire sample‟ 

results could be used to interpret the effect of degenerative bone changes of the distal femur 

for non-sexed human skeletal remains, this analysis should be done with caution because an 

under or over statement of the impact could be derived. Interestingly, poor outcomes are still 

associated with knees that exhibit no bone changes to the distal femoral articular surface. 

This demonstrates the dynamic relationship between soft and hard tissue changes associated 

with OA and exemplifies the loss of information when dealing solely with skeletal remains. 

Caution is required when analyzing skeletal remains that do not show bone changes but 

belong to an individual older than 45 years at death since they would still have a probability 

of functional limitations. This is especially relevant for females who experienced 

substantially more functional deficits than their male counterparts at CAOS grade 0.  

Females demonstrated a less predictable relationship between the probability of having a 

functional deficit and increasing CAOS grade since only 30% of these correlations were 

significant, while 73% of these correlations were significant for males. This unpredictability 

suggests that the outcome variables, which encapsulate a portion of the experience of living 

with knee OA, could be influenced by factors that were not considered in this study.  

 For example, influences that lead to the differences between males and females may 

be simple differences in work type and/or intensity or complex interactions between multiple 

influences. These may include sexual dimorphic differences in joint biology (ligament laxity, 
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bone density, cartilage thickness since articular cartilage thinner in women), joint structure 

(surface size), biomechanics (limb alignment, muscle strength), hormones (depressed levels 

of insulin factor 1, estrogen loss), and social norms (more negative feelings in women than 

men regardless of severity or disability) (Sims et al., 2009; Lerner, 2010; Maleki-Fischback 

& Jordan, 2010; O‟Connor, 2010). Studies have shown contradictory results for the 

influence of “different biomechanics, gait, and structural and morphometric properties” 

(Maleki-Fischback & Jordan, 2010: 4) leaving the underlying cause of the sex differences in 

knee OA unclear (Sudo et al., 2008). Smaller joint surfaces in women are an unlikely 

explanation for sex differences in knee OA” (Maleki-Fischback & Jordan, 2010, p. 2). 

Nevertheless, functional deficits related to knee OA should be considered as sex specific. 

While differences in outcome probabilities between sexes must be acknowledged, males and 

females also exhibit a commonality for the outcome variables with the five highest 

probabilities for each CAOS grade, including stairs and “overall difficulty with knee”.  

 Exploring the effects of knee OA on past populations relies on inferential data from 

clinical studies. This study established a hybrid grading system that combines aspects of 

clinical and bioarchaeological standards (CAOS). The CAOS grading system provided an 

osteological correlate to link the experience of living with knee OA to bone features that 

could be present in archaeological samples. However, the use of this clinical data is not 

without its drawbacks including the age and BMI profile of the sample and the participant‟s 

access to modern interventions available to help mitigate physical barriers and symptoms.  

 On average, the clinical sample had an elevated BMI, a state that is different from 

most archaeological populations. BMI not only leads to increased symptoms but is also a 

risk factor for knee OA (Felson et al., 1992; Felson, 1996; Coggon et al., 2001; Macfarlane 

et al., 2011; Richette et al., 2011; Wilson et al., 2011) since it increases the load across the 

knee joint, producing increased stress on the articular cartilage and inducing structural 

breakdown (Felson, 1996; Richette et al., 2011). “The knee joint is exposed to high 

compressive and shear forces during weight bearing. Compressive loads can exceed three 

times body weight during walking and six times body weight during stair climbing in 

healthy-weight individuals. As body weight increases, the loads to which the knee joint is 

subjected also increase” (Russell & Hamill, 2010, p. 1). Therefore, it is not surprising that 

higher BMI leads to worse symptoms, with obesity as a risk factor for knee pain ( Felson, 
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1996; Elbaz et al., 2011; Macfarlane et al.,2011; Nguyen et al., 2011). However the exact 

mechanism involved in this BMI-OA relationship is uncertain. For instance, people could 

have a high BMI because they are not moving due to knee pain (Rogers & Wilder, 2008). 

Also, high BMI may put an individual at risk for systemic inflammation which may in itself 

be a cause for OA or its symptoms (Richette et al., 2011 ). Therefore BMI could have a 

metabolic or biomechanical effect on the knee joint (Lerner, 2010; Wilson et al., 2011). For 

our sample, increasing BMI was not correlated with the outcome variables examined. The 

highest correlation was r = .336 which pertained to a general health question.  

 The sample population is older (45-79 years) than typically expected in an 

archaeological sample. Since knee OA is a progressive condition, a large clinical sample can 

only be acquired from the mid to upper age ranges. While increased age has been reported to 

increase the risk of OA symptoms (Nguyen et al., 2011; Elbaz et al., 2011; Robbins et al., 

2011), increasing age did not correlate with increasing symptoms in our sample. However 

this does not mute the question: is an older clinical sample equivalent to a younger 

archaeological sample? An older sample may be more symptomatic due to age (though the 

mechanism is not certain) but are most individuals in this age range less active, engaging in 

less physically demanding work, and carrying less loads than their younger archaeological 

counterparts? It could be argued that, since increased activity is known to cause increased 

symptoms (Hall et al., 2008; Hunter et al., 2008), the activity requirements of a younger 

archaeological population may off-set the age related increase in symptoms of an older 

clinical population.  

 Medication may provide a masking effect over the true impact of knee OA, 

especially common for those with the worst bone changes. Therefore, a larger number of 

functional deficits could be present, especially at CAOS grade 3, for a population with few 

available medical interventions. Despite the impact of medication, quantification of the knee 

OA experience via the outcome variables provides a quantitative base to improve our 

dialogue on the impact of disease on past populations.   

3.6. Conclusions 

 This study provides a link between bone and the experience of living with knee OA. 

This experience varies between sexes. For males, most outcome variables were significantly 
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linked to the CAOS grade, with bone appearing to contribute significantly to the experience. 

For females, few outcome variables were significantly correlated to CAOS grade and there 

was a greater probability, when compared to males, of experiencing functional deficits with 

few or no bone changes at the distal femur. Overall, males had a lower probability than 

females of having a functional deficit in the chosen variables when suffering from knee OA. 

The activity limitations and functional barriers identified in this study provide insight when 

interpreting the impact of knee OA in past populations.  
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3.9. Appendix: Functional deficit probabilities for each outcome 

variable and the associated Spearman's rank correlations  

 

 

Female Sample   Male Sample   Entire Sample 

 

CAOS Grade     CAOS Grade     CAOS Grade   

 OAI Variable 0 1 2 3 r   0 1 2 3 r   0 1 2 3 r 

moderate activities 0.25 0.31 0.37 0.53 1 

 

0.26 0.27 0.35 0.27 0.64 

 

0.25 0.28 0.36 0.43 1 

climbing several flights 

of stairs 0.37 0.56 0.77 0.93 1 

 

0.26 0.31 0.57 0.45 0.8 

 

0.33 0.4 0.66 0.75 1 

accomplish less 0.59 0.66 0.67 0.8 1 

 

0.39 0.41 0.65 0.63 0.8 

 

0.53 0.5 0.66 0.79 0.8 

limited in kind of work 0.49 0.58 0.62 0.53 0.4 

 

0.3 0.38 0.57 0.64 1 

 

0.43 0.44 0.59 0.61 1 

pain interferes with 

work 0.63 0.61 0.7 0.93 0.8 

 

0.35 0.59 0.74 0.73 0.8 

 

0.54 0.63 0.72 0.86 1 

right pain walking 0.61 0.42 0.5 0.6 -0.2 

 

0.09 0.39 0.52 0.73 1 

 

0.31 0.4 0.51 0.64 1 

right pain with stairs 0.62 0.63 0.75 0.73 0.8 

 

0.78 0.49 0.75 0.73 -0.4 

 

0.49 0.54 0.75 0.89 1 

right pain in bed 0.18 0.16 0.35 0.6 0.8 

 

0 0.18 0.37 0 0.11 

 

0.12 0.18 0.36 0.36 0.95 

right pain sitting or 

lying down 0.2 0.18 0.35 0.47 0.8 

 

0 0.25 0.39 0.09 0.4 

 

0.14 0.22 0.37 0.32 0.8 

right pain standing 0.37 0.35 0.6 0.6 0.73 

 

0.09 0.3 0.52 0.45 0.8 

 

0.28 0.32 0.56 0.54 0.8 

left pain walking 0.41 0.32 0.3 0.53 0.2 

 

0.13 0.29 0.5 0.64 1 

 

0.32 0.3 0.41 0.61 0.8 

left pain with stairs 0.54 0.59 0.62 0.73 1 

 

0.35 0.46 0.63 0.73 1 

 

0.48 0.51 0.63 0.75 1 

left pain in bed 0.2 0.31 0.32 0.4 1 

 

0.13 0.16 0.33 0.45 1 

 

0.18 0.18 0.33 0.43 0.95 

left pain sitting or lying 

down 0.37 0.26 0.32 0.33 -0.2 

 

0.17 0.25 0.37 0.55 1 

 

0.31 0.25 0.35 0.43 0.8 

left pain standing 0.35 0.37 0.37 0.33 -0.31 

 

0.17 0.44 0.46 0.64 1 

 

0.29 0.35 0.42 0.5 1 

right pain 

twisting/pivoting 0.4 0.39 0.34 0.89 0.2 

 

0.05 0.28 0.45 0.45 0.95 

 

0.28 0.32 0.53 0.63 1 

right pain straightening 

knee fully 0.25 0.21 0.32 0.8 0.8 

 

0 0.21 0.35 0.64 1 

 

0.17 0.21 0.33 0.71 1 

right pain bending 

knee fully 0.37 0.39 0.52 0.8 1 

 

0 0.36 0.43 0.64 1 

 

0.25 0.37 0.48 0.71 1 

left pain 

twisting/pivoting 0.43 0.45 0.47 0.67 1 

 

0.17 0.35 0.48 0.64 1 

 

0.43 0.43 0.48 0.64 0.95 

left pain straightening 

knee fully 0.25 0.21 0.32 0.4 0.8 

 

0.09 0.2 0.39 0.45 1 

 

0.2 0.2 0.36 0.43 0.95 

left pain bending knee 

fully  0.43 0.39 0.4 0.4 -0.31 

 

0.17 0.36 0.43 0.64 1 

 

0.33 0.37 0.42 0.5 1 

right disability down 

stairs 0.4 0.46 0.65 0.6 0.8 

 

0.09 0.27 0.59 0.28 0.8 

 

0.3 0.34 0.62 0.64 1 

right disability up 

stairs 0.54 0.48 0.67 0.47 -0.4 

 

0.17 0.32 0.59 0.36 0.8 

 

0.42 0.38 0.63 0.68 0.8 

right disability sit from 

stand 0.55 0.55 0.77 0.73 0.74 

 

0.26 0.46 0.67 0.73 1 

 

0.46 0.49 0.62 0.82 1 

right disability 

standing 0.39 0.39 0.52 0.6 0.95 

 

0.13 0.33 0.37 0.45 1 

 

0.31 0.25 0.44 0.5 0.8 

right disability bending 0.39 0.56 0.72 0.91 1 

 

0.22 0.32 0.6 0.6 0.95 

 

0.33 0.4 0.66 0.7 1 

right disability walking 0.27 0.31 0.6 0.6 0.95 

 

0.13 0.2 0.37 0.55 1 

 

0.22 0.24 0.48 0.54 1 

right disability light 

chores 0.49 0.54 0.7 0.91 1 

 

0.22 0.28 0.59 0.7 1 

 

0.4 0.38 0.65 0.74 0.8 

right disability heavy 

chores 0.41 0.39 0.45 0.73 0.8 

 

0.09 0.16 0.4 0.5 1 

 

0.31 0.21 0.42 0.59 0.8 
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left disability down 

stairs 0.44 0.48 0.6 0.8 1 

 

0.09 0.28 0.57 0.64 1 

 

0.32 0.35 0.58 0.75 1 

left disability up stairs 0.58 0.56 0.57 0.61 0.4 

 

0.17 0.35 0.57 0.64 1 

 

0.45 0.42 0.57 0.65 0.8 

left disability sit from 

stand 0.57 0.48 0.6 0.73 0.8 

 

0.22 0.42 0.63 0.64 1 

 

0.46 0.44 0.62 0.68 0.8 

left disability standing 0.49 0.26 0.42 0.33 -0.4 

 

0.13 0.3 0.46 0.55 1 

 

0.31 0.29 0.44 0.43 0.6 

left disability bending 0.5 0.48 0.5 0.73 0.63 

 

0.26 0.32 0.44 0.6 1 

 

0.42 0.38 0.47 0.68 0.8 

left disability walking 0.41 0.31 0.37 0.4 -0.2 

 

0.17 0.24 0.46 0.64 1 

 

0.25 0.26 0.42 0.5 1 

left disability light 

chores 0.53 0.47 0.51 0.67 0.4 

 

0.26 0.32 0.43 0.7 1 

 

0.44 0.38 0.47 0.67 0.8 

left disability heavy 

chores 0.39 0.29 0.4 0.53 0.8 

 

0.17 0.19 0.4 0.7 1 

 

0.32 0.22 0.4 0.59 0.8 

difficulty squatting 0.6 0.5 0.57 0.6 0.11 

 

0.13 0.4 0.48 0.64 1 

 

0.62 0.44 0.52 0.64 0.4 

difficulty running 0.06 0.15 0.27 0.6 1 

 

0.09 0.23 0.24 0.27 1 

 

0.07 0.2 0.26 0.39 1 

difficulty jumping 0.1 0.03 0.14 0.26 0.8 

 

0.09 0.15 0.26 0.27 1 

 

0.1 0.11 0.21 0.32 1 

difficulty 

twisting/pivoting 0.39 0.31 0.52 0.87 0.8 

 

0.13 0.41 0.31 0.46 0.8 

 

0.29 0.37 0.43 0.54 1 

difficulty kneeling 0.62 0.39 0.65 0.91 0.8 

 

0.48 0.5 0.48 0.73 0.63 

 

0.57 0.46 0.56 0.71 0.4 

modify lifestyle to 

avoid damaging knee 0.55 0.53 0.75 0.8 0.8 

 

0.39 0.56 0.65 0.73 1 

 

0.5 0.55 0.7 0.75 1 

overall difficulty with 

knee 0.73 0.66 0.82 0.73 0.32 

 

0.61 0.74 0.85 1 1 

 

0.69 0.71 0.84 0.96 1 
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Chapter 4. Quantitative and Qualitative Assessment of the 

Degenerative Distal Femur: Identifying Optimal Indicators of 

Poor Outcomes in Skeletal Populations  

 

 This chapter, prepared for submission to a peer reviewed journal, identifies the 

optimal means of relating functional outcomes to changes in the distal femur by contrasting 

two methods of capturing knee OA severity: the qualitative method developed in chapter 3 

and a quantitative method based on the femoral intercondylar notch. 
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4.1. Abstract 

 The shape of the distal femur in a clinical population, which changes with the 

progression of knee osteoarthritis (OA), was examined both quantitatively and qualitatively 

in a clinical population and related to health, function, pain, symptom, stiffness, disability, 

and quality of life outcome indices for the sample. The purpose of this examination was to 

determine which distal femur assessment approach was more related to these outcome 

indices. The intercondylar notch was quantitatively assessed with particular focus on notch 

depth, notch width, and general notch size. The clinical and archaeological outcome score 

(CAOS) was used to qualitatively grade knee OA severity. Results suggested that 

intercondylar femoral notch metrics are poor indicators of OA outcomes while CAOS 

grading of morphological changes in the distal femur can be a useful tool to capture poor 

outcome potential among the various lifestyle variables. A viable osteological correlate 

allows for the application of clinical data to archaeological populations.  

4.2. Introduction  

 Knee osteoarthritis (OA) is a complex interaction between biological and 

biomechanical factors that leads to cartilage degeneration, producing mechanically induced 

knee joint failure (Biscevic et al., 2008; Maly, 2008). Though knee OA is almost always 

symptomatic, the symptoms are varied and include reduced function, stiffness after 

inactivity, joint instability, buckling, and psychological and emotional distress related to 

chronic pain (Cooper et al., 2000; Dieppe, 2000; Breedveld, 2004; Fitzgerald et al., 2004; 

Parmelee et al., 2007; Hunter et al., 2008). These symptoms can lead to limb use 

modifications, with the main changes during sitting, standing, bending, and walking (Hall et 

al., 2008). 

 The relationship between joint pain and degenerative structural changes is poorly 

understood (Thorp et al., 2007), with mixed results reported in studies that link OA 

symptoms to physical changes in the knee (Altman et al., 1986; Lethbridge-Cejku, 1995; 

Spector et al., 1996; Barker et al., 2004; Faucher et al., 2004; Rogers et al., 2004; Szebenyi 

et al., 2006; Roseman et al., 2007; van der Kraan et al., 2007; Maly et al., 2008; Neogi et al., 

2008; Oka et al., 2008; and Zhai et al., 2008). However, many radiographic bone features are 

associated with chronic pain, including osteophytosis, subchondral sclerosis, and bone 
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marrow lesions (Altman et al., 1986; Lethbridge-Cejku, 1995; Spector et al., 1996; Hopman-

Rock et al., 1998; Zhai et al., 2008).   

 Studies have suggested that distal femur shape, which changes with knee OA, is 

pertinent to the condition‟s etiology (Wada et al., 1999; Shepstone et al., 2001; Quasnichka 

et al., 2005). Intercondylar notch narrowing has been associated with OA severity and 

deterioration of the anterior cruciate ligament (ACL) (Shepstone et al., 2001; and 

Quasnichka et al., 2005). Notch narrowing is thought to be a product of osteophyte 

formation (Quasnichka et al., 2005), with osteophytes seen in advanced knee OA. Marginal 

osteophytes around the intercondylar notch are considered an early sign of knee degeneration 

(Shepstone et al., 2000) and a compensatory mechanism that increases stability by allowing 

bone to press against the slackened ACL. In some cases, a decreased intercondylar notch 

width may cause cruciate ligament damage and further knee instability, leading to additional 

osteophytosis and other OA features (Shepstone et al., 2000). It is not surprising that smaller 

intercondylar notches due to stenosis are found in individuals with severe OA, as compared 

with normal knees (Wada et al., 1999; Shepstone et al., 2001). Therefore, the femur‟s distal 

articular surface may be a valid feature for assessing physical impairment due to knee OA. 

 This paper compares two techniques, one based on quantitative changes and the other 

on qualitative changes in degenerative distal femora of a clinical sample, to determine which 

is most significantly related to potential barriers to optimum function. Determining the best 

link between osteological change and pain, disability, and functional outcomes is crucial for 

identifying impairment potential in skeletal populations. This link will allow 

bioarchaeologists to move beyond the description of pathological changes to consider the 

impact these physical changes may have had on not only the individual but also the society 

in which they participated.  

4.3.  Subjects and Methods 

4.3.1. Subjects 

 “Data used in the preparation of this article were obtained from the Osteoarthritis 

Initiative (OAI) database, which is available for public access at http://www.oai.ucsf.edu/” 

(OAI, 2006, p. 2). OAI is a multi-center, longitudinal, cohort, prospective observational 

study focusing primarily on knee OA, consisting of 4607 male and female participants of 
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various ethnicities, ranging in age from 45 to 79 at baseline, with women slightly more 

represented than men (Nevitt et al., 2006). The OAI data includes knee OA status and 

outcome measurements; such as, pain and physical function, overall physical assessment 

indices, and joint imaging assessments collected at baseline and subsequent 12 month 

intervals (Nevitt et al., 2006).  

 OAI provides randomized subsets of MRI images for research purposes. For this 

study, a subset of 279 knees were selected from the 12 month interval, including individuals 

from the progression (i.e., individuals with symptomatic knee OA) and the incidence (i.e., 

individuals without symptomatic knee OA but having specific characteristics that predispose 

them to developing symptomatic knee OA) cohorts. The clinical diagnosis of symptomatic 

knee OA required both the presence of frequent knee symptoms and radiographic findings 

(Nevitt et al., 2006).  

 The sample of 279 knees was represented by: 139 right and 140 left knees, 141 

males,138 females, 46 to 80 years of age (mean 64 years ± 9.7), BMI from 18.7 to 42.6 

(mean 29.4 ± 4.7), weight from 43.5 to 121 kg (mean 83.6 ±15.1). Eighty-four percent of the 

knees belonged to Caucasians, 14% to African Americans, 1% to Asians, and 1% to other 

non-Caucasians. Of the male subjects, the average age was 65.3 ±9.4 years, average BMI 

was 28.6 ±4.1, and average weight was 88 ±14.5 kg. Of the female subjects, the average age 

was 62.8 ±9.9 years, average BMI was 30.2 ±5.2, and average weight was 78.9 ±14.4 kg.  

4.3.2. Instruments 

 The International Classification of Functioning, Disability and Health (ICF) was used 

as the framework for choosing the OAI variables most relevant to knee OA. This WHO 

endorsed system provides standard terminology and structure for classifying health and 

health-related states. ICF includes four main components: 1) body functions, 2) body 

structures,3) activities and participation, and 4) environmental factors. Environmental 

factors, extrinsic to the individual, include physical, social, and attitudinal environments 

(Wang et al., 2005). ICF‟s functioning and disability constructs and definitions have been 

used as building blocks for modeling OA induced disability (Wang et al., 2005).  

 Though still establishing itself as a tool in clinical practice, ICF has already been 

adapted by researchers to produce “ICF Core Sets” for specific fields, to improve usage 
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efficiency for a classification system that includes almost 300 pages of text. To produce a 

core set, the descriptive codes within ICF are reviewed for relevancy by experts in the field 

and, if deemed applicable, are included in a list of descriptors (Cieza et al., 2004; Dreinhöfer 

et al., 2004; Stucki & Cieza, 2004; Stucki et al., 2004; Scheuringer et al., 2005; Stoll et al., 

2005; Grill et al., 2007). The OA ICF core set was used as a guide in this study.  

Since the OA core set is general to all OA, not just knee OA, seven ICF categories 

most relevant to knee OA were chosen from the OA core set: b280 – Sensation of Pain, b710 

– Mobility of Joint Functions, d410 – Changing Basic Body Position, d450 – Walking, d455 

– Moving Around, d640 – Doing Housework, and d920 – Recreation and Leisure. Of the 

approximately 1200 variables recorded by the OAI, 15 variables were identified based on the 

ICF core set framework and their possible relevance to ancient populations (Table 4.1). 

These 15 OAI variables, collected by OAI via a series of self-administered questionnaires, 

are indexes that include scores from multiple questions related to outcome variables.  

The Western Ontario and McMaster Universities Arthritis Index (WOMAC) 

questionnaires were used to assess pain, joint stiffness, and physical function using three 

subscales: pain, stiffness, disability (Bellamy et al., 1988). The individual items in the pain 

subscale are walking, stairs, in bed, sit or lie down, and standing. The stiffness subscale 

measures stiffness in the morning and later in the day. The disability subscale measures 

disability experienced when walking down stairs, up stairs, stand from sitting, standing, 

bending, walking, getting in car/out of car, shopping, donning socks, getting out of bed, 

doffing socks, lying down, getting in/out of bathtub, sitting, getting on/off toilet, doing 

heavy chores, and doing light chores. All the subscales were measured on a 5-point scale 

with 0 equaling none and 4 equaling extreme. The WOMAC total score combines results 

from the three subscales to assess overall impact of knee OA. 
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 The Knee Injury and Osteoarthritis Outcome Score (KOOS) questionnaires were 

used to assess pain, symptoms, function in sport and recreation, and knee related quality of 

life (Roos et al., 1998). Using the same 5-point scale as WOMAC, KOOS measures pain 

while twisting/pivoting, straightening, and bending the knee fully. Difficulty with function is 

measured during sport and recreational activities; including, squatting, running, jumping, 

twisting/pivoting, and kneeling. KOOS also measures symptoms for swelling, clicking or 

noise in knee, knee catching or hanging up, straightening knee fully, and bending knee fully, 

with 0 equaling never and 4 equaling always. The quality of life index measures awareness 

of knee problems, modifying lifestyle to avoid potentially damaging activities, lack of 

confidence in the knee, and overall degree of difficulty with the knee.  

 The Health Survey Short Form 12 questionnaire(SF-12®) was used to measure 

overall physical health status by assessing opinions on overall health, activity limitations, 

ability to accomplish tasks, pain with normal work, and health interfering with social 

activities (Ware et al., 1996).  

4.3.3. MRI Assessment 

 The validity of using MRIs as surrogates for direct bone observations has been 

shown in previous studies (Cohen et al., 1999; Iwaki et al,. 2000; Woodhead et al,. 2001; 

Leitzes et al., 2005; Louis et al., 2010; Ochiai et al., 2010). The bone features chosen for this 

study, accessible through both clinical imaging and direct osteological analysis, were the 

size of the intercondylar femoral notch (quantitative assessment) and the overall morphology 

of the distal femur (qualitative assessment). For quantitative analysis, the intercondylar notch 

was measured and scaled to control for size differences amongst individuals. Using MRIs 

from the OAI study, femoral notch width index (NWI, notch width divided by epicondylar 

width) and femoral notch depth index (NDI, notch depth divided by condylar depth) were 

calculated using the parameters established by Wada et al. (1999). NWI represents a wide or 

narrow notch and NDI a deep or shallow notch; however, neither represents large or small 

notches. Therefore, a third index was developed by averaging NWI and NDI to produce an 

area-related index called the combined notch index (CNI). DicomWorks software  

(v1.3.5 © 2000, 2001, Philippe Puech-Loïc Boussel) was used to complete all MRI analyses 

for the notch measures.  
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 The notch measurement procedure involved analyzing MRI slices from the most 

distal end of the femur toward the proximal end (Sagittal 3D DESS with Water Excitation, 

Axial Plane Multi-planar reformatting). The notch measurements were taken from the slice 

where the notch‟s upper rim emerged complete. A base line was inserted along the inferior 

margin of the condyles. Notch depth was taken from the base line to the notch ceiling. Notch 

width was taken at two-thirds notch depth (Figure 4.1). Condylar measurements were taken 

from the slice that exhibited the largest epicondylar width and tallest condylar height  

(Figure 4.2).  

 

 

Figure 4.1: MRI slice showing the location of the notch width measures. 
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Figure 4.2: MRI slice showing the location of the condylar measurements 

  

 The Clinical Archeological Osteoarthritis Scale (CAOS), a grading system for knee 

OA severity, was used for qualitative assessments (Young & Lemaire, 2012). The CAOS 

system (Table 4.2) was developed on a clinical population but uses measures common to 

both clinical and bioarchaeological fields. The scale focuses on features that are indicative of 

the OA degenerative process and are recognizable in both MRI and direct bone observations. 

These features include osteophyte formation, shape contour changes, and the presence of 

micro/macroporosities and/or cysts. In this study, each distal femur was graded on the CAOS 

with 0 representing no bony changes, 1 representing minimal marginal osteophyte formation, 

2 representing increased marginal osteophyte formation and changes in the joint contour, and 

3 representing advanced bony changes including excessive osteophyte formation causing 

distinctive changes in the joint contour and the presence of micro/marcroporosities and/or 

cysts. 

 

 

 



86 

 

Table 4.2: The CAOS grading system. 

 

Features of the Distal Femoral Articular Surface 

CAOS 

Grade 

Marginal Bone 

Proliferation 

Irregular Surface 

Margins Porosities Predominant Feature 

0 none none none smooth articular 

surface with well 

defined rounded joint 

margins 

1 minor bony exostosis 

usually seen in region 

of intercondylar notch 

minimal none smooth articular 

surface with slightly 

irregular margins due 

to minor marginal 

bone proliferation 

creating a sharpening 

of the edge in some 

areas 

2 minimal to moderate 

osteophyte formation 

minimal to moderate microporosities may be 

present 

marginal bone 

proliferation in the 

form of distinctive 

osteophytes creating 

irregular and sharp 

margins in some areas 

3 moderate to excessive 

osteophyte formation 

distinctive irregular 

joint surface margins 

distinctive 

microporosities 

present; 

macroporosities and/or 

cysts may be present 

articular surface has 

obvious porosities; 

joint contours are 

sharp and irregular 

along most of the 

margin due to 

advanced bone 

proliferation 

(osteophytosis) 

 

4.3.4. Statistical Analysis 

 Microsoft Excel was used to calculate the notch indices based on the femoral 

measurements. Each femur was considered separately because most OAI outcome variables 

assess right and left knees as individual units. Microsoft Access was used to collate data 

from the notch measures, grade assessments, and the OAI outcome variables. NCSS 2007 

was used to calculate correlations between the distal femoral observations and the 15 OAI 

outcome variables. Pearson‟s ranked correlations were used for the continuous (quantitative) 

data and Spearman‟s ranked correlations were used for the categorical (qualitative) data. 
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4.4. Results  

4.4.1. Quantitative Assessment 

 Pearson‟s ranked correlation coefficients with identified significant p values are 

reported in Table 4.1 and the average notch measurements are reported in Table 4.3. 

Correlations showed that notch height decreases as age increases and that overall notch size 

decreases in females as they age. Increasing BMI and decreasing notch width were 

significantly correlated for males. However, there were no significant correlations between 

any of the notch measures and weight.  

 

Table 4.3: The average notch measures with standard deviations and the percentage of 

subjects for each CAOS grade of knee OA for the entire population, males, and females. 

 

 Notch Measure  Knee Grade (% of subjects) 

NWI NDI CNI  0 1 2 3 

All 0.217±0.03 0.439±0.04 0.328±0.02  23 44 26 7 

Male 0.220±0.03 0.442±0.03 0.331±0.02  15 52 28 5 

Female 0.215±0.03 0.435±0.03 0.325±0.02  32 35 24 9 

 

 Few significant correlations were discovered when relating the OAI outcome 

variables to the notch measures. The most interesting results were found for females, where a 

decreasing NDI was weakly, but significantly (p < .05 to p <.0001), correlated to increased 

problems with pain, stiffness, disability, physical health, functioning during sports and 

recreation, and quality of life. In some cases, this was despite notch widening. For the entire 

sample, NDI was weakly but significantly (p < .05 to p < .0001) correlated with right knee 

pain, stiffness, disability, symptoms, physical health, and functioning during sports and 

recreation. For males, a decreasing CNI correlated weakly but significantly (p < .05 to  

p < .01) with right knee pain, stiffness, and disability variables.  

4.4.2. Qualitative Assessment 

 CAOS grade frequencies are reported in Table 4.3. Spearman‟s ranked correlation 

coefficients (Table 4.1) suggested that age does not correlate significantly with grade of 

bony changes in the overall sample. However, the age – grade relationship was statistically 
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significant for females (p < .05). There was also a significant correlation (p < .05 to p < .001) 

between increased CAOS grade and increased BMI and between CAOS grade and weight 

for the sample as a whole and males, but not females. Decreasing CNI correlated 

significantly with CAOS grade, indicating that the overall notch size (CNI) decreased as the 

CAOS grade worsened, supporting the findings of Wada et al. (1999) and Shepstone et al. 

(2001). 

 When relating knee OA grade to the OAI outcome variables, many statistically 

significant relationships were found. All activity, quality of life, right knee pain, disability, 

stiffness, and symptom outcome variables were weakly to moderately, but significantly (p < 

.0001), correlated with CAOS grades for the population as a whole, males, and females. 

There were also significant correlations (p < .01 to p < .0001) between left knee pain, 

disability, stiffness, and symptom outcome variables for the entire sample and males, but not 

for females.  

Comparing the five outcome variables with the highest Spearman rank correlation 

values by sex (Table 4.4) revealed that males and females had only two outcome variables in 

common, WOMAC total score right knee” and “KOOS function, sports, and recreational 

activities”. In addition, males had significant correlations for right knee pain (WOMAC and 

KOOS) and right knee disability variables, which are predominately task based. Females had 

significant correlations with quality of life, right knee symptom, and right knee stiffness 

variables, which were more general and lifestyle based. As expected, both groups had 

increasing problems with high intensity movements, as measured by the KOOS “function, 

sports, and recreational activities”. Interestingly, pain was not in the top five Spearman 

ranked correlation values for females. 

4.4.3. Quantitative vs. Qualitative Assessments: Comparing the Significant 

Relationships  

 The strongest links between osteological features and outcomes were determined by 

comparing significant relationships between OAI variables and distal femoral measures. 

Table 4.5 reports the percentage of significant relationships between the various distal femur 

assessment tools and the 15 OAI variables. For the sample as a whole, and males in 

particular, morphological assessment via CAOS grade had the best linear relationship with 
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the outcome variables. However, NDI had the strongest relationships between OAI variables 

for females. The sample as a whole and the male sub-sample had a similar relational pattern 

between CAOS grade and the various OAI variable breakdowns (i.e., right only, left only, 

non-sided only).  

 

Table 4.4: Comparison of the highest ranked OAI variables by sex as determined by 

Spearman correlations. 

 

Females 

OAI Variable   Items Measured  

KOOS function, sports, and recreational 

activities 

 

function during sports and recreational activities 

while squatting, running, jumping, 

twisting/pivoting, and kneeling. 

KOOS quality of life 

 

measures awareness of problems with knee, 

modifying lifestyle to avoid potentially damaging 

activities, lack of confidence in knee, and overall 

degree of difficulty with knee 

KOOS symptoms score right knee 

 

swelling, clicking or noise in knee, knee catching or 

hanging up, straightening knee fully, and bending 

knee fully 

WOMAC stiffness score right knee 

 

stiffness in the morning and later in the day 

WOMAC total score right knee 

 

combines results from the three subscales assessing 

overall impact of knee OA 

Males 

OAI Variable   Items Measured  

KOOS function, sports, and recreational 

activities 

 

function during sports and recreational activities 

while squatting, running, jumping, 

twisting/pivoting, and kneeling. 

KOOS pain score right knee 

 

pain while twisting/pivoting, straightening and 

bending the knee fully 

WOMAC disability score right knee 

 

disability experienced when completing the 

following activities; down stairs, up stairs, stand 

from sitting, standing, bending, walking, in car and 

out of car, shopping, socks on, get out of bed, socks 

off, lying down, get in and out of bathtub, sitting, on 

and off toilet, heavy chores, and light chores 

WOMAC pain score right knee pain  

 

pain subscale are walking, stairs, in bed, sit or lie 

down, and standing. 

WOMAC total score right knee 

 

combines results from the three subscales assessing 

overall impact of knee OA 

  

 The female sub-sample exhibited varying results for different OAI variables (Table 

4.1). When looking at just the right knee, most of the strongest correlations were with CAOS 

grade. However, left OAI variables had an equal number of strong correlations with NDI and 

NWI, but no strong correlations with CAOS grade. When the non-sided OAI variables were 
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examined, an equal number of significant correlations were found for NDI and CAOS 

outcomes.  

 Comparing the five outcome variables with the highest Spearman rank correlation 

values by sex (Table 4.5) revealed that males and females had only two outcome variables in 

common, “WOMAC total score right knee” and “KOOS function, sports, and recreational 

activities”. In addition, males had significant correlations (p<0.05) for right knee pain 

(WOMAC and KOOS) and right knee disability variables, which are predominately task 

based. Females had significant correlations with quality of life, right knee symptom, and 

right knee stiffness variables, which were more general and lifestyle based. As expected, 

both groups had increasing problems with high intensity movements, as measured by the 

KOOS “function, sports, and recreational activities”. Interestingly, pain was not in the top 

five Spearman ranked correlation values for females.  

 

Table 4.5: The percentage of significant relationships for OAI variables by measure for the 

entire sample, females, and males. 

 

 

% of Significant 

Relationships with all 
OAI Variables 

 

% of Significant 

Relationships with Right 
OAI Variables 

 

% of Significant 

Relationships with Left 
OAI Variables 

 

% of Significant 

Relationships with Non-
sided OAI Variables 

 

All Female  Male  

 

All Female  Male  

 

All Female  Male  

 

All Female  Male  

NWI 13 40 7 

 

17 0 17 

 

17 83 0 

 

0 33 0 

NDI 60 87 13 

 

83 83 33 

 

17 83 0 

 

67 100 0 

CNI 40 20 33 
 

17 33 83 
 

83 0 0 
 

0 33 0 
CAOS 100 60 100 

 

100 100 100 

 

100 0 100 

 

100 100 100 

 

4.5. Discussion 

 People with knee OA report “the worst quality of life among people with 

musculoskeletal diseases” (Tukker et al., 2008) with cited problems including difficulty 

performing daily activities; progressive loss of function; dependency in walking, stair 

climbing, and other lower extremity tasks; fear of falling; loss of sleep; and difficulty rising 

and sitting down, getting into and out of bed, squatting, and kneeling (Hopman-Rock et al., 

1998; Steultjens et al., 1999; Miller et al., 2001; Bennell et al., 2003; Maly et al., 2005; 

Salaffi et al., 2005; van der Esch et al., 2006; Maly & Krupa, 2007; Ay et al., 2008; and Hall 

et al., 2008). This study focused on quantitative and qualitative measures at the distal femur 

as a means of linking osseous changes to functional impediments. In the literature, 
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conflicting results were reported when linking physical changes in the knee with knee OA 

outcome measures. Results from this study showed differences in the effectiveness of 

quantitative and qualitative measures when relating physical changes to clinical and life-

related outcomes associated with knee OA. 

 Femoral intercondylar notch stenosis has been related to knee OA, with notch size 

decreasing as OA progresses (Shepstone et al., 1999; Wada et al., 1999). Notch size was 

therefore used as a surrogate for knee OA progression to investigate its utility when relating 

bone changes to activity limitations. This research is the first to use femoral intercondylar 

notch size to investigate the relationship between symptoms and patient outcomes. Our 

findings suggest that outcomes for females are predominately related to decreasing notch 

depth while outcomes for males are more related to decreasing CNI. However, standard 

deviations for NDI, NWI, and CNI were less than 0.04 (Table 4.3). While these standard 

deviations were 6-14% of the mean measures, notch size may not be sensitive enough to be a 

useful tool when linking bone changes to functional outcomes. 

 The CAOS grading method was, for the most part, superior to the quantitative 

measures for identifying poor functional outcomes in skeletal populations. Although it is 

intuitive to assume that increased degeneration creates worse symptoms, this simple linear 

relationship is not entirely supported, especially when comparing the variability of 

statistically significant outcomes between males and females.  

Apart from males and females exhibiting differences in their outcome variables 

ranked by highest Spearman correlation, an additional point of contrast was the lack of 

significant relationships between the left knee outcome variables and CAOS grade for the 

female population, while the male population demonstrated significant correlations for all 

variables. These findings may be related to several factors, including the type and/or 

intensity of activities performed by females in the represented age range and the divergent 

biomechanical role played by the dominant versus non-dominant leg. Previc‟s theory (1991) 

dictates “that antigravity extension (postural support) on the left side of the body emerges 

before voluntary motor control (mobilization) on the contralateral (right) side. This suggests 

that the dominant foot for either unilateral or bilateral task behaviors is the left one for most 

individuals” (Sadeghi et al., 2000, p.38). Therefore, the non-dominant knee, the right knee in 

most individuals, is the preferential weight-bearing knee (Kranjc et al., 2010).  
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In a study of athletes, degenerative changes consistent with OA in the non-dominant 

knee are more symptomatic in later life than cases with dominant side degeneration, despite 

having no more evidence of knee OA (Kranjc et al., 2010). Our CAOS results were 

consistent with those seen in Kranjc et al. (2010), with the right knee having more reportable 

symptoms than the left. Therefore, the different male/female symptom profiles could be 

related to leg dominance and weight-bearing roles and thus may be linked to internal (body 

structure or weight) or external (work requirements, etc.) biomechanical stressors that are 

unique to each sex. However, leg dominance does not explain why NDI was significantly 

correlated with almost all the outcome variables for females.  

 The differences in outcomes from the CAOS tool and NDI measure may be 

explained by two different mechanisms. The CAOS tool evaluates degenerative changes in 

the distal femur from soft tissue break down, inflammation, and possible bone on bone 

contact. Therefore, this tool may capture knee symptoms related to load bearing and leg 

dominance functions. NDI, NWI, and CNI evaluate osteophyte formation around the 

intercondylar notch, which may be related to a slackened ACL. Thus, these notch measures 

may capture symptoms related to knee joint hypermobility and instability. If this reasoning is 

valid, the greater number of significant correlations for females between NDI and the 

outcome measures, especially for the left knee, may be more related to knee instability than 

load bearing and leg dominance biomechanics. Studies have shown that females are more 

susceptible to ACL injuries (Adachi et al., 2008; Hewett, 2010), which may support the 

greater number of correlations between notch measures and symptoms for females in our 

sample population.  

 Despite the possibility that two different symptom generation mechanisms are 

captured by the quantitative and qualitative evaluation systems, the CAOS grading approach 

did exhibit superior overall correlation. This qualitative system was the optimal indicator of 

poor OA outcomes. 

4.6. Conclusions 

 Studies examining the relationship between functional difficulties and degree of knee 

OA have met with mixed results. This study, using the ICF system for guidance, examined 

quantitative and qualitative analyses of the distal femur as useful indicators of functional 
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outcomes. The findings showed that, overall, quantitative indices based on the femoral 

intercondylar notch were not sufficiently correlated or sensitive to identify impairment and 

are thus an inefficient bridge between clinical findings and their direct application to 

archaeological populations. However, statistically significant correlations between CAOS 

grading of the qualitative bone changes in the distal femur and outcomes from clinical 

evaluations confirmed that macroscopic osteological features are a viable option to link 

clinical and archaeological populations and accessing this information may help identify 

functional barriers related to the disease state.  

Increased distal femur bone degeneration, as reflected by CAOS grade, lead to 

overall and sex-specific increases in pain, stiffness, disability, symptoms, and decreased 

quality of life, physical health, and functional capacity when performing sports and 

recreational activities. Understanding that sex specific symptom profiles and outcome 

experiences exist will improve interpretation in archaeological populations where symptoms 

and their functional impact can no longer be inferred onto all members of a population 

equally. 

 Statistically significant correlations between the bone changes and the outcome 

variables support the use of the ICF system as a mechanism for choosing variables related to 

a disease state. This study also highlights ICF‟s validity as a tool for investigating disease 

impact both in clinical and archaeological populations.  
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Chapter 5. A Population Health Approach to Paleopathology: 

The Case of Impairment in Knee Osteoarthritis 

 

 Chapter 5, prepared for submission to a peer reviewed journal, uses the 

operationalized data from chapter 3 and the determinants of health tool detailed in objective 

5 of the introduction to investigate the impairment potential of knee OA in two distinct 

archaeological populations.  
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5.1. Abstract 

 Paleopathology, the study of disease in past populations, focuses on the biological 

expression of disease. However, current population health models show that health outcomes 

are related not only to biology but to factors external to the individual. This study considers 

the potential impact of knee OA on the 17
th

 century Huron of Ontario and the 19
th

 century 

Inuit from the Igloolik region of Nunavut by examining factors such as the social 

environment, physical environment, health interventions, individual responses, and health 

and function, known collectively as determinants of health. The results suggest that 

environmental factors have a great impact on the potential for impairment in knee OA but 

also that the impact of knee OA varies between males and females. 

5.2. Introduction  

 The study of health and disease in past populations relies on the interpretation of 

changes in the normal morphology of the human skeleton. The human skeleton holds much 

information about diet, activity patterns, disease processes, violence, and trauma 

(Aufderheide & Rodriguez-Martin, 1998; Goodman & Martin, 2002; Steckel & Rose, 2002; 

Ortner, 2003; Roberts & Manchester, 2007). This information is often interpreted using 

clinical data since “analyses with current medical research allows more informed 

interpretations” (Faccia & Williams, 2008, p.28). Clinical information has provided the 

bioarchaeologist with a framework for quantification, description, disease diagnosis, and 

identification of prevalence rates in past populations (Roberts, 1999). However, clinical 

information also informs us that living with a health condition involves more than just its 

biological expression, it also includes dynamic interactions with social and physical 

environments, healthcare interventions, and how we cope with the disease state. This 

expanded idea of health, an interaction of individual, social, and physical environmental 

factors (Gignac et al., 2008) dictates that a broader approach be adopted to fully grasp 

disease impact in archaeological populations, thereby requiring a paradigm shift in 

paleopathology from viewing the skeleton as the entire representation of the individual to the 

biological component of a complex entity. Population health theories and frameworks that 

focus on internal and external factors to the individual, also known as the determinants of 

health, provide the necessary tools for exploring this shift.   
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 Osteoarthritis (OA) is caused by an imbalance in the destruction and repair of joint 

tissues, which leads to cartilage and subchondral bone degeneration (Fautrel et al., 2005; 

Hunter et al., 2008). In knee OA, this degeneration affects function and mobility through 

symptoms such as pain, stiffness, and instability (Cooper et al., 2000; Dieppe, 2000; 

Breedveld, 2004; Fitzgerald et al., 2004; Parmelee et al., 2007; Hunter et al., 2008). 

Movement modifications during sitting, standing, bending, and walking can occur when 

attempting to limit functional and sensory symptoms (Hall et al., 2008). Beyond the 

biological aspect, the psychological and societal influences are often studied since OA is 

believed to be a dynamic interaction between multiple factors, including the physical and 

social environments (Duncan, 2000; Bennell et al., 2003; Peters et al., 2005; Maly et al., 

2006; Gignac et al., 2008; Hunt et al., 2008). These interrelationships have been cited as the 

probable reason why individuals with the same biological expression of knee OA often have 

different symptoms (Hunt et al., 2008).  

 While it is generally believed that bone changes have an effect on the individual, 

current bioarchaeological methods are only now exploring how an individual‟s life could be 

affected by lesions (Young & Lemaire, 2012). This deficiency makes it difficult to assess the 

impact of impairments on the individual and society. Roberts (1999, p.92) emphasized the 

importance of using clinical data to assess how normal function was affected by disease, 

indicating that “if disease or injury states are to be considered as potentially disabling, 

reference to the clinical record for these conditions (i.e., how they affected a person) is 

essential”. It can further be argued that understanding the environment in which the 

individual is embedded is also an essential component in understanding the disability or 

impairment potential of a disease.   

 This study is a population based assessment to identify how a range of knee OA 

grades could affect archaeological populations. Using data from a clinical population and 

current population health models, this paper theorizes the potential impact knee OA could 

have had on two identified archaeological populations.  
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5.3. Theoretical Framework  

5.3.1. Population Health 

 Population health recognizes that, instead of a state of being, health is a capacity or 

resource allowing an individual to pursue their goals, acquire skills and education, and grow. 

This broader notion of health moves beyond the absence of disease by recognizing the range 

of social, economic, and physical environmental factors that impact or buffer health (PHAC, 

2012). This health concept can be articulated as “the capacity of people to adapt to, respond 

to, or control life‟s challenges and changes” (Frankish et al., 1996). A population health 

approach thus takes into consideration not only the range of individual and group factors and 

conditions but also their interactions (PHAC, 2001). Known as the determinants of health, 

these factors and conditions include social support networks, working conditions, social 

environments, physical environments, personal health practices and coping skills, biology, 

gender, and culture (PHAC, 2001).    

 Applying this holistic health approach to paleopathology requires adaptation of 

current population health frameworks. For this study, the Multiple Determinants of Health 

Model (Evans et al., 1994c) was chosen to guide development of a health framework that is 

useful for archaeological populations. Health determinants included in this revised model are 

social environment, physical environment, health interventions, disease profile, health and 

function, and individual responses (Figure 5.1). For this study, data to inform these 

determinants were from clinical and historic sources. 

5.3.2. Health Determinants 

 Archaeological and ethnographic records provided data for the majority of the 

determinants of health used in this study since the social environment, physical environment, 

health interventions, and individual responses are population specific. Clinical data provided 

a framework for the health and function portion of the determinants model because activity 

information for specific movements or tasks is difficult to extrapolate from archival sources, 

yet remains an important factor to be considered.  
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Figure 5.1: Adapted Multiple Determinants of Health Model. 

5.3.2.1.  Social Environment 

 Social environment is the human-built social construct in which people are nested 

and influences and shapes them as individuals and as the collective whole (Corin, 1994; 

Renaud, 1994). Cultural influences provide a means for the individual to reference 

themselves in this world and provide a framework to understand what is meaningful. These 

influences include norms, beliefs, and values that encompass a way of life where individuals 

share in behaviours and are guided by social institutions (Corrin, 1994). The framework 

created by the social environment also defines ill-health, the causes of ill-health, and societal 

perception and reaction to illness. The social environment may, through the determinants of 

health, heighten ill-health‟s effects or buffer and protect from them (Evans et al., 1994b).  

 Social organizations, including social networks, affect social support and isolation, 

emotional deprivation, stress and stress‟ relation to the individual‟s learned coping capacity 

(Hertzman et al., 1994). The availability of large social networks during illness can provide a 

buffer to poor outcomes (Evans et al., 1994a). Small family units could also supply this 

buffer but larger family based communities provide a wider support system with built in 

redundancies to compensate for failure. However, once communities grow too large, 

gradients in social positioning will have a negative effect on health for individuals in the 

least affluent echelons due to fewer resources (Evans et al., 1994a). Therefore, moderate 

sized family based communities could provide the necessary access to resources, varied 

types of work, and accommodation of individuals with mobility deficits due to knee OA.  
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 Cultural norms and values have an impact on the concepts of health and weakness, 

resource sharing practices, and the role of sex and gender, including constraints on 

opportunities provided to men and women (e.g., culturally dictated work and duties for 

which each sex is deemed responsible; Corrin, 1994). Cultural norms direct when and how 

those with knee OA would be perceived and helped. 

 Social power gives people freedom to make decisions, carry out their will, and help 

themselves. Studies have shown that decision making power is positively correlated with 

health outcomes (Bosma, 1997). In the case of knee OA, social power could improve an 

individual‟s value in society, thereby making them less dispensable and more supportable if 

impaired. However, support for those with impairment is not only a product of social 

frameworks but is also dependent on the latitude that resource availability and accessibility 

provide.  

5.3.2.2. Physical Environment 

 The physical environment includes both natural (air, water, food, soil, land 

management, flora, fauna, and climate) and built environments (housing, indoor air quality, 

design of communities, and transportation) (PHAC, 2003). The logistics of navigating 

various physical environments would be complicated by having knee OA, despite social 

constructs. The impact of subsistence patterns and available resources would also affect 

individuals whose mobility and work capacity are lessened and access to resources impeded.  

5.3.2.3. Health Interventions 

 Health interventions are a means of interfering in the course of a disease by 

influencing the biological, social, or physical environment of the afflicted to improve their 

situation. The success of interventions for knee OA in earlier populations would depend on 

degree of symptom expression, the group‟s capacity to intervene, and the effectiveness of the 

interventions. 

5.3.2.4. Individual Responses  

 Individual responses are comprised of two components, behavioural and biological. 

Behavioural responses are influenced by personal health practices and coping skills such as 

self care, self-reliance, and freedom to make choices. These coping mechanisms can be 
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conceptualized as an individual‟s inherent characteristics, acquired skills, or external buffers 

that are naturally available (e.g., supportive families) or purposefully introduced to provide 

support (e.g., self-help groups or similar social support networks) (Evans et al., 1994a). The 

social environment plays a key role in providing supportive communities and in forming a 

conceptual framework in which an individual learns how to cope, based on the acceptability 

of expressing symptoms.  

 Biological responses are linked to general health status, sex, age, and social 

feedback. In the context of knee OA symptoms, biological and behavioural components are 

framed by psychological and social factors (Edwards et al., 2001; PHAC, 2003). Such 

factors include ethnicity and sex. Ethnicity is known to influence how pain is appraised and 

responded to emotionally and behaviourally (Edwards et al., 2001). Sex has an effect on pain 

tolerance, depending on psychological factors that are socially constructed, but does not have 

an effect on pain threshold (how the body processes pain perception) (Bates et al., 1993; 

Schiefenhovel, 1995; Nayak et al., 2000).  

 For the purposes of this study, the behavioural component of individual responses 

can be related to societal norms on physical weakness while the biological component may 

be determined through direct observations of a population‟s general health. These latter 

observations provide insight into “overall health capacity and outlook on life” or “general 

disposition”, while also providing insight into the presence of adequate coping styles with 

positive attitude translating into positive symptom outcomes.  

5.3.2.5. Health and Function 

 Health and function outcome probability profiles for knee OA, based on clinical 

populations, have been published by Young and Lemaire (2012). Knees are categorized by 

degree of bone change at the distal femur (0=no change to 3=advance changes) for different 

physical activities and states of being. These profiles are used to estimate the probability of 

archaeological populations experiencing impairment from knee OA.  

5.4. Populations 

 Population selection for this study was based on two criteria, sufficient 

archaeological and ethnographic information to populate the determinant categories and 
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contrasting populations of different subsistence patterns and/or geographic profiles. The 17
th

 

century Ontario Huron and the 19
th

 century Inuit population of the Igloolik region of 

Nunvaut were chosen.  

5.4.1. 17
th

 Century Huron 

5.4.1.1. Social Environment 

 The Huron engaged in a clan based society, with representatives from eight 

matrilineal clans present in most villages. This organizational structure formed the 

foundation of the village, including the functioning of political life, marital selections, 

support systems, and distribution of resources (Anderson, 1985). All members of each 

village society were guaranteed access to both the means of production and the products of 

social labor through this gender-based kinship (Anderson, 1985).  

 The Huron economy was centered on horticulture (corn, squash, beans) while 

fishing, hunting and gathering, and barter were of less importance (Anderson, 1985). 

Women controlled horticulture through matrilocal production units with matrilineal decent 

groups ensuring the continued management of resource production (Dannin, 1982). This 

made the matrilineal extended family not only the basic social group but also the main 

economic unit (Heidenreich, 1978).  

 A village was made up of several longhouses, with each longhouse forming a unit of 

familial, social, and economic cooperation (Heidenreich, 1978). A longhouse held three to 

six related family groups, with each family having a dedicated space (Heidenreich, 1978; 

Anderson, 1985; Trigger 1987). Women were the charge of the longhouse daily activities.  

 The central figures, decision makers, ritual position holders, and ceremonial leaders 

were mature men who, in youth, had proven themselves worthy (Heindenreich, 1978; 

Trigger 1987). Women did not take part in councils, the group‟s decision making bodies, 

which were primarily attended by „old‟ men (those over 30 years) and clan chiefs 

(Heidenreich, 1978). However, given their positions in the longhouse, mature women were 

the strongest voices in all matters of the family (Trigger, 1987).  

 Huron cultural norms not only framed how individuals lived but also created a strong 

sense of responsibility towards the community (Trigger, 1987, p. 50). Huron society 

emphasized individual freedoms for both men and women while expecting each individual 
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to maintain a gentle and considerate air and repress their feelings, especially of anger or 

frustration (Trigger, 1987). Strength in the face of pain, torture, war, and childbirth was 

admired and respected (Champlain, 1608-1613; Trigger, 1987) with an expectation that a 

Huron was “to die as bravely as he had lived” (Trigger, 1987, p. 52). To this end, children, 

especially boys, were encouraged to become self-reliant, courageous, and to endure 

misfortune with strength and resilience. Public displays of emotion were viewed with scorn 

by the community (Trigger, 1987).  

 When circumstances allowed, all Huron were expected to share their wealth freely 

and without complaint with hospitality, gift giving, and exchange not only playing important 

roles but also providing strong social approval and accruing social status (Heidenreich, 1978; 

Trigger, 1987). Though each woman could maintain a cache of goods, individuals who 

hoarded met with village disapproval, accusations of witchcraft, or even expulsion. No 

person was permitted to go hungry if food remained in the household (Heidenreich, 1978; 

Trigger, 1987).  

 Amongst the Huron, the division of labour was gender based (Anderson, 1985). Men 

hunted, fished, cleared new land, built lodges, left on trading and war expeditions, were 

responsible for safety and order, and created links with the outside world (Herman, 1956; 

Langton & Ganong, 1971; Heidenreich, 1978; Anderson, 1985; Trigger, 1987). During the 

summer, some men would stay close to the village to protect against raids, but they would 

also help with odd jobs or go fishing and hunting close by (Heidenreich, 1978).  

 Women provided almost all the horticultural labour; including, planting, hoeing, 

harvesting, pulling weeds, and chasing away pests (Herman, 1956; Heidenreich, 1978; 

Anderson 1985 ). They also gathered all the firewood and performed domestic work; such as 

child care, making household goods, clothing, pottery, thread, and fishing-nets, and 

preparing food (Langton & Ganong, 1971; Heidenreich, 1978; Anderson, 1985). Women 

could also assist in the hunts by driving, butchering, and transporting game (Heidenreich, 

1978; Trigger, 1987). Women typically did not travel outside Huron territory, especially for 

lengthy canoe trips (Trigger, 1987).  
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5.4.1.2.  Physical Environment 

 The 17
th

 century Huron occupied a narrow stretch of land in southern Ontario, 

measuring approximately thirty-five miles long and twenty miles wide, bounded by 

Georgian Bay on the west and Lake Simcoe on the east (Anderson, 1985, p. 51). This area, 

known as Huronia, was a region of arable soils surrounded by water and low-lying 

untouched swamp (Heidenreich, 1978). The four occupied upland areas were generally 

bounded by steep, boulder-strewn, recessional shorelines. 

 Huron communities were large, averaging four to five acres, with approximately 800 

people or less. A few villages grew to over 1,000 or 1,600 (Heidenreich, 1978). A village is 

defined by a cluster of longhouses, usually three to four yards apart, with small open areas 

scattered throughout. Apart from the main village, temporary camps were seasonally 

employed for hunting, fishing or tending corn fields (Ramsden, 1990). Archaeological 

evidence suggests that some seasonal sites were mainly occupied by women and children. 

Satellite short and long-term hamlets were also found close to the major villages.  

  The Huron‟s principle subsistence, horticulture, allowed them to create larger, 

economically self-sufficient, agricultural settlements (Heidenreich, 1978). Hunting and 

fishing were less important, with gathering only important in times of famine, presumably 

due to crop failure. Famine rarely occurred, perhaps every 10 years, making agricultural 

subsistence very stable.  

 A system of extensive walking trails constituted the main transportation routes. 

Water transportation was not used within Huronia but canoe travel was often used by men 

who ventured outside the territory. Travel in winter was difficult and largely avoided, except 

for ice fishing and some socializing with nearby villages (Heidenreich, 1978). During winter, 

loads were pulled on wooden sleds (Langton & Ganong, 1971).  

5.4.1.3. General Health and Health Interventions 

 The 17
th

 century Huron‟s concept of health mirrors the current WHO definition as a 

“state of complete physical, mental, and social well-being and not merely the absence of 

disease or infirmity” (WHO, 2003). As such, the Huron believed that an individual‟s health 

was not restricted to the physical but encompassed all things affecting happiness, personal 

fulfillment, or luck (good or bad) (Trigger, 1987).   
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 Historic reports suggested that the Huron were unusually healthy, generally happy, 

and believed that they had an excellent life (Langton & Ganong, 1971; Heidenreich, 1978). 

The Shaman were males and were considered important and prominent. Shaman intervened 

when illness occurred, using herbal medicine, good sense, and community supported 

ceremonies to heal their charges (Heidenreich, 1978; Trigger, 1987). 

5.4.2. 19
th

 Century Inuit from Igloolik Region of Nunavut 

5.4.2.1.  Social Environment.  

 In the 19
th

 century, the Inuit from the Igloolik region of Nunavut had little political or 

social unity. Composed principally of simple family units that allowed for rapid mobility, 

they followed rules established by custom, habit, and tradition, in particular taboos passed 

from generation to generation (Mathiasson, 1928; Fitzhugh, 1997). Though often dispersed, 

these smaller groups maintained distant kin relations and trading partners to engage in 

information sharing and hospitality (Fitzhugh, 1997). These extended family groups not only 

lived together but formed the principal unit of cooperation, exchange, and distribution 

(Mary-Rousselière, 1984). Any meat was distributed throughout the community as it was 

their practice to share (Rasmussen, 1930). If group customs were not followed, an individual 

could be eliminated from the community (Mary-Rousselière, 1984). Males were dominant in 

the household, with older males making the decisions and coordinating group activities 

(Mathiasson, 1928; Mary-Rousselière, 1984).   

 Traditionally men hunted, sometimes requiring long trips to procure food and skins. 

They also fished, built houses, scraped skins, and made sledges and implements. Women 

stayed mostly indoors during the day, sewing clothes and preparing skins. They fished 

infrequently and rarely helped in the hunt, but could periodically assist by carrying meat 

(Mathiasson, 1928; Rasmussen, 1930).  

 Inuit cultural norms were a product of circumstances. When resources were plentiful 

a communism prevailed. The family had a duty to care for all helpless persons, including 

fatherless children, widows, and old men and women who could no longer keep up on the 

constant hunting expeditions (Mathiasson, 1928; Rasmussen, 1930). Individuals who lacked 

immediate family became the responsibility of the extended group, who could choose to take 
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care of the person or leave them to their fate. The latter was the frequent outcome for old 

women who were thought to be useless (Rasmussen, 1930).  

 When resources were meagre and people struggled to subsist, which occurred 

frequently, the weak and dependent often became disposable to reduce the number of mouths 

to feed. “Orphan children were blocked up in snow huts and left there, buried alive … Old 

and worn-out folk would be left behind on the road when unable to keep up with the rest on 

a journey … Sometimes also, the party would simply neglect to take them along when first 

setting out from the old site” (Rasmussen, 1930, p.159).The same would apply to those 

considered crippled (Low, 1906). The choice of leaving someone behind was often made on 

the hope that this would secure the survival of the remainder of the group (Low, 1906). 

These actions were so culturally accepted that the weak or old would often choose to commit 

suicide rather than to be a burden on their family (Low, 1906).  

5.4.2.2. Physical Environment 

 During winter, there is a sameness to the landscape with an absence of trees or tall 

vegetation and the entirety covered in a blanket of snow (Mathiasson , 1928; Stager & 

McSkimming, 1984). In summer, the coasts are rocky with many loose fragments lying at 

odd angles and little vegetation (Mathiasson, 1928; Merbs, 1983; Maxwell, 1985). This 

„shingled‟ terrain makes walking difficult and falling a possible hazard (Merbs, 1983).   

 "Few conditions in world history … imposed environmental stresses on the hunters 

and their communities as severe as those of the Eastern Arctic" (Maxwell, 1985, p. 2). This 

applies to the 19
th

 century Inuit who adopted a roaming lifestyle, with the pursuit of food 

being the primary goal (Mary-Rousselière, 1984; Maxwell, 1985). Housing for these 

nomadic groups consisted of tents in the summer and snow houses in the winter. The small 

familial groups could sometimes come together for certain hunting pursuits. These usually 

occurred in winter, making the transient settlements more populated in winter than in 

summer when populations scatter for hunting and fishing, the primary subsistence 

(Mathiasson, 1928).  

 Marine and terrestrial animals formed most of the Inuit diet. Resource failure was a 

constant threat in an Arctic system that, compared to temperate climate ecological systems, 

had few species (Fitzhugh, 1997). This made the Arctic less stable, requiring those reliant on 
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northern subsistence strategies to have methods for rapid adjustment (Fitzhugh, 1997). 

Despite their adaptability, sudden disappearances of game lead to periods of Inuit starvation 

(Maxwell, 1985).   

 With the sea covered in ice and the ground covered in snow 9-10 months of the year, 

sledges pulled by dogs were the most frequently used mode of transportation (Mary-

Rousselière, 1984). In times without snow, the Inuit walked, carrying what they needed or 

loading packs on their dogs. The summer was considered to be a poor time to travel due to 

the terrain (Maxwell, 1985). Kayaks were used in open water (Mathiasson, 1928).  

5.4.2.3.  General Health and Health Interventions 

 The contact Inuit, as with the 17
th

 century Huron, had a very holistic view of health 

“where mind, body, and spirit are intrinsically linked and a weakness in one will surface as a 

weakness in another aspect" (Black et al., 2008, p. 157). As such, their healing techniques 

incorporated not only an extensive knowledge of the human body but of the person, with the 

body being viewed as a whole in relation with its social environment (Tipula et al., 2001). 

 The Inuit were fatalistic, believing themselves powerless. A complex system of taboo 

and propitiatory rites and sacrifices was considered necessary to maintain a balanced life 

(Rasmussen, 1930). Overseeing this realm was the Angakut or Shaman (healer) who 

promoted physical, emotional, and spiritual wellness by a strict set of rules that governed 

each person‟s behaviour and established each individual's relationship with the community 

(Rasmussen, 1930). The importance of family was emphasised for personal and community 

integrity (Gray, 1996). The more concrete forms of intervention for aches and pains were 

ointments, heated cloths containing clay, or broths (Gray, 1996; Tipula et al., 2001; Black et 

al., 2008).  

 By nature, the Inuit appeared to have been proud, independent, have a sense of 

gratitude, slow to anger, and good natured, but capable of ungovernable bursts of rage when 

roused (Low, 1906). Accounts of survival attest to their resiliency and determination 

(Rasmussen, 1930). They appeared accustomed to the extreme cold, being described in harsh 

conditions as acting “as if there were no such thing as cold” (Rasmussen, 1930, p. 13) and 

“altogether unaffected by the cold” (Rasmussen, 1930, p. 14). Some people who were 
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characterized as cripples were also considered hard workers, another indication of the Inuit‟s 

resiliency (Rasmussen, 1930).  

5.5. Methods 

 Systematically combining the determinants of health, historic, archaeological, 

ethnographic, and clinical data into a useable format requires a system that quantifies the 

possible impact of knee OA on the selected populations. A new approach was developed to 

accomplish this goal. 

5.5.1.  Health determinants data 

 For this study, the determinants of health and their respective subcategories are:  

 Social environment: social networks, societal values, norms for physical or mental 

weakness and access to resources, work, power distribution, social support for ill 

health 

 Physical environment: terrain, resources, subsistence, climate, housing, 

transportation 

 Health intervention 

 Individual responses: reported group biological health, general disposition (life 

outlook) 

 A scoring system for these health determinant subcategories was created. The 

subcategories were defined by four descriptions, with 0 defining the least and 3 defining the 

most impact on positive outcomes (Table 5.1). The populations were examined by sex since 

certain determinants of health, such as work, are sex specific. The most applicable 

description for each determinant subcategory was identified and the relevant score noted. 

Summing the scores for all the factors provided a health determinant impact score (HDIS-

sum). 

5.5.2.  Clinical Knee Osteoarthritis Data 

 The clinical data for this study, consisting of significantly correlated functional 

outcome probabilities, was derived from previous research by Young and Lemaire (2012).  
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Table 5.1: Scoring system for health determinant subcategories. 

  

Determinant   Health Determinates Impact Score 

Social 

Environment   
3 

 
2 

 
1 

 
0 

social 

networks 

 family and 

extended 

family 

 multiple family 

and extended 

family groups 

 multiple family 

and extended 

family groups 

with many social 

networks 

 many multiple 

family and 

extended family 

groups (moderate 

to large society) 

with many social 

networks 

societal 

values and 

norms : 

weakness 

 expressing 

weakness 

punished 

 expressing 

weakness 

deterred and 

cajoled  

 expressing 

weakness 

tolerated 

 expressing 

weakness 

supported 

societal 

values and 

norms: access 

to resources 

   resources not 

shared 

 resources shared 

when available 

 all resources shared 

work  very 

physically 

demanding 

and extensive 

mobility 

requirements 

including 

running 

 physically 

demanding and 

moderate 

mobility 

(walking some 

distance) 

 physically 

demanding (e.g. 

squatting, lifting, 

bending, 

carrying loads) 

but little 

mobility 

 few physical 

demands, little 

mobility  

social power 

female 

 males have all 

decision 

making power 

 males make 

major decisions 

and females 

have input in 

limited matters 

 males make 

major decisions 

but females have 

considerable 

input 

 equal power 

distribution or 

females have 

majority of power 

social power 

male 

 females have 

all decision 

making power 

 females make 

major decisions 

and males have 

input in limited 

matters 

 females make 

major decisions 

but males have 

considerable 

input 

 equal power 

distribution or 

males have 

majority of power 

social support 

for ill health 

 no support  intermittent 

support when 

resources allow 

 physical support  complete emotional 

and physical 

support 
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Physical 

Environment 

  
3 

 
2 

 
1 

 
0 

terrain  hilly and 

rocky 

 hilly   flat but rocky  flat 

resources  poor  intermittent  plentiful but 

occasional 

famine 

 plentiful 

subsistence    hunter and 

gatherer 

 horticultural, 

hunter and 

gatherer 

 horticultural 

climate  seasonal with 

short cool 

summer and 

extreme 

winter 

 seasonal with 

extreme 

summer and 

winter 

 seasonal with 

moderate 

summer and 

winter 

 temperate 

housing  temporary  temporary with 

seasonally 

permanent 

 permanent with 

seasonal 

camping 

 permanent 

transportation  mostly 

walking 

 mostly walking 

with some 

riding 

 mostly riding 

with some 

walking 

 mostly riding 

(canoe, sledge, 

horse, etc.) 

                  

Health Care   3   2   1   0 

interventions 

available 

 none  shaman  shaman and 

natural healing 

methods 

 doctors and 

medicine 

                  

Individual 

Response 

  
3 

 
2 

 
1 

 
0 

general 

disposition 

   mostly ill-

tempered 

 happy and ill-

tempered on 

occasion 

 happy and good 

tempered 

reported 

group 

biological 

health 

 mostly ill  physically 

weak 

 healthy  unusually healthy 

 

 

These probabilities were produced by correlating outcome variables to degree of knee OA as 

assessed using the Clinical and Archaeological Osteoarthritis Score (CAOS) grading system 

(Table 5.2). Given noted sex differences in outcome profiles, each sex within a given 

population was examined separately.  

 From the clinical data, only outcome variables related to activities applicable to the 

chosen archaeological populations were utilized (e.g., walking, running, standing, bending, 

light and heavy chores). For each outcome variable, probabilities at each CAOS grade were 

calculated for the right knee, left knee, or non-knee specific cases.  
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 The functional impact probability score (FIPS) generates an overall measure that 

relates knee OA severity to functional impact. FIPS represents the functional component of 

the determinates of health model. 

Probability scores for all knees, at the CAOS grade for each knee, are averaged. 

Since both knees may not have the same CAOS grade, the probability outcomes were 

dependent on how each knee was scored. The non-knee specific outcome variables (e.g., 

accomplish less) were scored by the highest CAOS grade of the right and left knees. For 

example, if the right knee was at CAOS grade 1 and the left at CAOS grade 3, the grade 3 

probability for the non-specific outcome variable would be used.  

Combining the health determinants and clinical data 

 Quantified determinants of health data (HDIS-sum) were multiplied by quantified 

clinical data (FIPS) to create a knee OA impact index (KOII).This score quantified the 

potential impact knee OA might have had on the identified archaeological populations. 

Various scenarios (e.g., right knee at CAOS grade one and left knee at CAOS grade three) 

for the two populations were then calculated and compared.  

5.6. Results  

 The health determinants grading system was applied to the four population groups; 

17
th

 century Huron males, 17
th

 century Huron females, 19
th

 century Inuit males, 19
th

 century 

Inuit females (Table 5.3). The 17
th

 century Huron males had a HDIS-sum of 12 and females 

of the same population a similar score of 13. This score reflects a relatively large and stable 

society, plentiful resources, an easy physical environment, interventions available, and a 

generally happy and healthy population. The 19
th

 century Inuit of Igloolik had much higher 

HDIS-sum scores of 25 for both males and females since the small family groups had limited 

resources, intermittent support for the weak, and existed in one of the harshest physical 

environments on the planet. 

 The FIPS results (Table 5.4) show a greater probability of females having poor 

functional outcomes than males. From the KOII results (Table 5.4), knee OA would have 

had a greater impact on health in the Inuit population but more specifically on females, who 

have worse expected outcomes than both Inuit males and females in the 17
th

 century Huron 
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population. The 17
th

 century Huron males would expect the least impact from knee OA, 

amongst the populations considered.   

 

Table 5.2: Probability profiles by sex for various OAI outcome variables at each CAOS 

grade. 
 

  CAOS grade 

Female Sample - Outcome Variables 0 1 2 3 

right disability bending 0.39 0.56 0.72 0.91 

right disability light chores 0.49 0.54 0.7 0.91 

accomplish less 0.59 0.66 0.67 0.8 

right pain bending knee fully 0.37 0.39 0.52 0.8 

left pain twisting/pivoting 0.43 0.45 0.47 0.67 

right disability standing 0.39 0.39 0.52 0.6 

right disability walking 0.27 0.31 0.6 0.6 

difficulty running 0.06 0.15 0.27 0.6 

moderate activities 0.25 0.31 0.37 0.53 

left pain in bed 0.2 0.31 0.32 0.4 

 

        

Male Sample - Outcome Variables 0 1 2 3 

overall difficulty with knee 0.61 0.74 0.85 1 

right pain walking 0.09 0.39 0.52 0.73 

right disability sit from stand 0.26 0.46 0.67 0.73 

modify lifestyle to avoid damaging knee 0.39 0.56 0.65 0.73 

right disability light chores 0.22 0.28 0.59 0.7 

left disability light chores 0.26 0.32 0.43 0.7 

left disability heavy chores 0.17 0.19 0.4 0.7 

limited in kind of work 0.3 0.38 0.57 0.64 

left pain walking 0.13 0.29 0.5 0.64 

left pain standing 0.17 0.44 0.46 0.64 

right pain straightening knee fully 0 0.21 0.35 0.64 

right pain bending knee fully 0 0.36 0.43 0.64 

left pain twisting/pivoting 0.17 0.35 0.48 0.64 

left pain bending knee fully  0.17 0.36 0.43 0.64 

left disability sit from stand 0.22 0.42 0.63 0.64 

left disability walking 0.17 0.24 0.46 0.64 

difficulty squatting 0.13 0.4 0.48 0.64 

right disability bending 0.22 0.32 0.6 0.6 

left disability bending 0.26 0.32 0.44 0.6 

left pain sitting or lying down 0.17 0.25 0.37 0.55 

right disability walking 0.13 0.2 0.37 0.55 

left disability standing 0.13 0.3 0.46 0.55 

right disability heavy chores 0.09 0.16 0.4 0.5 

left pain in bed 0.13 0.16 0.33 0.45 

right pain twisting/pivoting 0.05 0.28 0.45 0.45 

left pain straightening knee fully 0.09 0.2 0.39 0.45 

right disability standing 0.13 0.33 0.37 0.45 

difficulty running 0.09 0.23 0.24 0.27 

difficulty jumping 0.09 0.15 0.26 0.27 
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Table 5.3: Health determinants grading scores (HDIS) and sums for the four population 

groups.  

 

Determinants of Health Populations 

Social Environment Huron Male Huron Female Inuit Male Inuit Female 

social networks 0 0 3 3 

societal values and norms : weakness 2 2 2 2 

societal values and norms: access to resources 0 0 1 1 

work 2 2 3 1 

social power female  1  2 

social power male 0  0  

social support for ill health 0 0 2 2 

Physical Environment         

terrain 0 0 1 1 

resources 1 1 2 2 

subsistence 1 1 2 2 

climate 1 1 3 3 

housing 1 1 2 2 

transportation 2 2 1 1 

Health Care         

interventions available 1 1 1 1 

Individual Response         

general disposition 1 1 1 1 

reported group biological health 0 0 1 1 

HDIS-sum 12 13 25 25 

 

 

 

Table 5.4: FIPS and KOII results for the Huron and Inuit populations. 

 
  Females   Males 

CAOS Grade FIPS KOII   FIPS KOII 

Right Left Score 
HDIS- sum  

Huron =13 

HDIS- sum  

Inuit = 25  
Score 

HDIS- sum  

Huron =12 

HDIS-sum  

Inuit = 25 

0 0 0.33 4.29 8.25  0.21 2.52 5.25 

0 1 0.36 4.68 9  0.26 3.12 6.5 

0 2 0.38 4.94 9.5  0.33 3.96 8.25 

0 3 0.45 5.85 11.25  0.41 4.92 10.25 

1 0 0.37 4.81 9.25  0.29 3.48 7.25 

1 1 0.4 5.2 10  0.34 4.08 8.5 

1 2 0.42 5.46 10.5  0.41 4.92 10.25 

1 3 0.49 6.37 12.25  0.48 5.76 12 

2 0 0.45 5.85 11.25  0.36 4.32 9 

2 1 0.48 6.24 12  0.4 4.8 10 

2 2 0.5 6.5 12.5  0.48 5.76 12 

2 3 0.57 7.41 14.25  0.55 6.6 13.75 

3 0 0.56 7.28 14  0.41 4.92 10.25 

3 1 0.59 7.67 14.75  0.45 5.4 11.25 

3 2 0.6 7.8 15  0.52 6.24 13 

3 3 0.67 8.71 16.75  0.6 7.2 15 
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5.7. Discussion  

 The effects of knee OA on the afflicted individual are symptom based. Pain, 

stiffness, and instability impact an individual‟s capacity for function and mobility, leading to 

movement modifications to avoid symptom intensity. Not surprising, the probability of 

having difficulty with certain activities has been correlated to an increasing degree of knee 

OA. It is also expected that social and physical environment variables are affected when 

coping with this affliction. The population examples chosen for this research were extremes, 

highlighting the different impact knee OA could have had on individuals, based on their life 

circumstances.  

 Results indicated that mobility limitations related to HDIS and knee OA would have 

had a greater impact on societies like the 19
th

 century Inuit, whose nomadic lifestyle meant 

that all individuals had to keep up during the pursuit of food. The 17
th

 century Huron, who 

had a relatively sedentary lifestyle, didn‟t have the same mobility requirements. Mobility 

was also impacted by the type of terrain individuals had to navigate and transportation 

methods used. Huronia was flat and well soiled, providing little resistance for tilling and 

travel, and the main transportation method was walking on a system of trails. Nunavut‟s 

Igloolik region was relatively flat and rocky (uneven surface), which made summer travel 

difficult and winter travel on sleds over snow covered terrain easier. As expected, the Inuit 

scored worse for all the physical environment factors except transportation.  

 The health determinant subcategory scores for social environment factors were less 

dichotomous than those for physical environment, with the Huron exhibiting better scores 

for four of seven factors (social networks, societal values and norms: access to resources, 

female social power, and social support for ill health), equivalent scores for two factors 

(societal values and norms: weakness, male social power), and split scores for one factor 

(work).  

 The movement modifications required to avoid or mitigate symptom intensity could 

have led to limitations in work capacity. For the Huron, males and females both required 

physical endurance for lower limb oriented tasks such as walking, running, bending, 

straightening, kneeling, twisting, and pivoting (health determinant subcategory scored of 2). 

However, this moderately large society was complex enough to provide options for activity 

requirements. For example, if a male had difficulties with travel, he could remain in the 
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village and assist with small jobs and local hunting. For the Inuit, work by males required 

physical and mental endurance, with many tasks recruiting the lower limb, including 

walking and running on uneven and hazardous terrain (health determinant subcategory score 

of 3). Typical female tasks required less physical endurance though, when occasion 

presented, they could assist in transporting game or moving camps, which required load 

carriage (health determinant subcategory score of 1). 

 If movement modifications limited an individual‟s ability to work, they would need 

societal support to provide adequate access to living resources. Such support is linked to the 

society‟s size and its established norms for sharing resources. Entitlement to these resources 

could be based on an individual‟s political clout or power, the society‟s compassion, or 

simply access to resource surpluses. The 17
th

 century Huron lived in large villages and relied 

on a fairly stable subsistence of horticulture. Both males and females had social power. The 

cultural norms of sharing and cooperation were emphasized. Resources were plentiful and 

sharing food ensured that no one would go hungry. Although famine could occur, this was 

relatively infrequent.  

 The 19
th

 century Inuit from Nunavut‟s Igloolik region had an unstable food source, 

dictating that the majority of their time was spent in its pursuit. Their social structure was 

based on small family units that could expand to include multiple families, who would 

cooperate in certain hunting traditions. Males, especially older males, were the decision 

makers while older females were at times considered disposable. Sharing of food was the 

cultural norm, though famine was a common occurrence. Weakness due to age or illness was 

tolerated when resources allowed but when they were meagre those that exhibited weakness 

became expendable. 

 When dealing with knee OA symptoms, interventions would have been necessary to 

improve outcome potential, especially in the most severe cases. For both the Huron and 

Inuit, interventions were provided by a Shaman who used ritual and herbal remedies. These 

interventions were limited and their success unclear. 

 Beyond the symptoms generated by knee OA, research has shown that mobility or 

movement limitations are also a product of an individual‟s general health and overall outlook 

on life (Maly et al., 2006). A positive approach to knee OA leads to better functional 

outcomes, including performance. Both example populations exhibited a reputed hardiness 
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and general positive nature, though the Huron scored slightly better on reported biological 

health.  

 The HDIS results demonstrated various non-biological differences impacting 

impairment outcomes for both groups. The scores reflected the contrasting environments 

surrounding the 19
th

 century Inuit populations and the 17
th

 century Huron groups and 

provided a quantification of the various influences affecting the populations. However, the 

biological aspect of OA, including functional outcome considerations (FIPS), also has an 

influence on impairment potential. Combining HDIS-sums and FIPS into KOII scores 

integrated multiple factors that contribute to function and overall health of the individual, 

with „health‟ defined as a resource for living that provides a capacity to adopt and cope with 

life‟s challenges. It is not surprising, given the variables considered in producing the KOII, 

that the Inuit female group had the worse KOII scores overall, with their male counterparts 

close behind. The environment in which the Inuit were embedded was extremely harsh, both 

socially and physically, leading to functional differences between societies.  

5.8. Conclusion 

 Population health research has demonstrated that social and physical environmental 

factors impact people afflicted with different health conditions, including OA. It can be 

argued that this also applies to earlier populations where the human condition is not entirely 

dissimilar to that of today. Examining a disease state in archaeological populations without 

the benefit of contextual information limits our understanding to the biological aspect of the 

condition. However, individuals are more than simple biological entities, they are 

biopsychosocial composites born, shaped, and embedded in social and physical 

environments. To understand the impact of disease, bioarchaeological researchers must 

embrace this holistic view and not limit examinations to a restrictive biological lens that 

places every geographical and cultural group of varying circumstance on equal footing.  

To optimize our understanding of health and disease in past populations, individuals must be 

considered as more than simply physical remains but complex biological entities, people, 

nested in dynamic physical and social environments. Though bioarchaeologists may not 

have all the information required to place a skeletal population in their full contextual 

environments, attempts should be made to assess the potential impact these external 
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influences may have had. Using the example of knee OA, a method was developed to 

incorporate many of these non-biological factors into the dialogue of disease impact in 

archaeological populations. This research demonstrates the potential for paleopathological 

analysis through a holistic lens and can act as a template for further assessments, with 

possible adaptations providing an allowance for missing data.  
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Chapter 6. Integrated Discussion and Conclusions 

 For bioarchaeologists the study of disease in past populations, paleopathology, 

focuses on the identification, differential diagnosis, and cause of disease as discerned 

through the study of the biological remains of people long since dead. Bringing population 

health models into the paleopathology discussion provides a new way to view poor health in 

archaeological populations. This thesis is the first initiative to link the fields of 

bioarchaeology and population health to investigate knee OA and improve our understanding 

of impairment potential in ancient populations. 

 To create this approach, new innovative methods and procedures were required. The 

previous chapters described the newly developed processes and the products of their 

implementation. The findings are highlighted by the confirmation that population health 

approaches can be adapted to improve our understanding of disease in past populations. This 

chapter discusses the personal impetus behind this research and how adaptation to statistical 

findings improved the quality of the thesis results. The outcomes of the thesis research are 

also discussed by integrating the key components from the papers (Chapters 2-5) into seven 

sections, with aspects of the unique research detailed in Figure 6.1: 

  

1. Purpose of this research and development of the approach 

2. Techniques developed for this research 

3. Unique information provided by this research 

4. Contribution of this research to the fields of bioarchaeology and population health  

5. Answering the research question 

6. Future research 

7. Concluding remarks 
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Figure 6.1: Outline of the thesis research highlighting original aspects. 
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6.1. Purpose of the Research and Strategic Approach 

 The purpose of this thesis research was to answer the question: How can bone 

changes in the distal femur be used to inform our understanding of impairment and disability 

for archaeological populations? To answer this question, three broad strategies were 

employed; 

1. Create tools for the bioarchaeologist to broaden their interpretative capabilities of 

human skeletal remains. 

2. Explore the potential of population health models and frameworks to produce tools 

for the bioarchaeologist to frame physical and social environment factors. 

3. Investigate the applicability of these interpretive tools to archaeological samples.  

 Through the guidance of these strategies key finding were identified for the 

development of bioarchaeological tools. These findings include the identification of 

healthcare frameworks, ICD-10 and ICF, as a means to collate and compare data from 

paleopathological analysis; the utility of ICF to frame research parameters and assist in 

identifying factors relevant to a disease state; the ability of osteological features related to 

knee OA progression to be linked to lifestyle, activity, and functional outcomes; and the 

ability to adapt population health frameworks and models to create a template for application 

to archaeological populations. 

6.2. Techniques Developed for this Research  

 The goal of this thesis research was to better understand physical impairment due to 

knee OA of the distal femur and the impact this disease process could have had on 

archaeological populations. Since this research is unique, different techniques and 

procedures had to be developed to achieve this goal, following the strategies outlined in 

response to the research question. A flow chart detailing the origin of the data used in the 

various aspects of the research can be found in figure 6.2.  
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Figure 6.2: Flow chart of the data used in the research. 

 

6.2.1. Development of Tools for the Bioarchaeologist 

 Bridging the gap between a clinical population with related lifestyle data and 

archaeological populations was accomplished using patient MRIs and their related outcome 

information from the Osteoarthritis Initiative (OAI) study. Since MR images of bone are 

accurately related to changes visible in denuded bone, a system that was equally applicable 

for both mediums could be developed. This allowed for the inference of outcomes that are 

directly linked to clinical MRIs, such as pain and disability, onto skeletal remains with 

similar changes.  

 Identifying the best mechanism to relate bone changes in the distal femur to outcome 

variables was the subject of Chapter 4. The chosen OAI outcome variables were grouped 

into multiple outcomes such as pain with stairs, light chores, heavy chores, etc.; under 

general subscales of pain, stiffness, disability, symptoms, function in sport; and recreation, 

quality of life, and overall health status (Appendix B and C). Focusing on bone features 

accessible through both clinical imaging and direct osteological analysis, one quantitative 
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and one qualitative approach was examined. The quantitative assessment examined the 

intercondylar femoral notch size, which is believed to decrease as knee OA progresses 

(Appendix D). The qualitative analysis focused on morphological changes in the distal 

femur, concentrating on characteristics used in both clinical and archaeological knee OA 

assessment.  

 For the quantitative analysis, the intercondylar notch was measured and scaled to 

control for size differences among individuals. Notch width index (NWI) represents a wide 

or narrow notch and notch depth index (NDI) represents a deep or shallow notch. These 

measures pre-existed this thesis; however, neither adequately represented large or small 

notches. Therefore, a third index was developed for this study by averaging NWI and NDI to 

produce an area-related index called the combined notch index (CNI). Another novel aspect 

of this study was applying the notch measures originally developed for denuded bone to MR 

images. To standardize this process, the proper MRI slices from which to take the 

measurements were identified.  

 For the qualitative analysis, the chosen morphological features needed to be equally 

identifiable in archaeological and clinical populations. To develop this approach, systems for 

assessing knee OA progression for clinical populations or for archaeological populations 

were examined. Based on the main features of both systems, the Clinical Archeological 

Osteoarthritis Scale (CAOS), a grading system for knee OA severity, was developed for this 

study (Chapter 3). CAOS input includes osteophyte formation, shape contour changes, and 

the presence of micro/macroporosities and/or cysts. Chapter 4 compared the two assessment 

tools and found that the qualitative approach had more statistically significant correlations 

with the OAI outcome indices and was thus the superior method for linking outcome data to 

osseous changes at the distal femur.  

6.2.2. Using the Osteological Correlate to Link to Specific Outcome Variables 

 In Chapter 3, the qualitative assessment tool (CAOS) was used to grade a sample of 

knees and then each knee was related to a list of OAI outcome variables. Statistically 

significant outcomes, frequency distributions, and probability assessments operationalized 

the data, making it directly applicable to skeletal populations (Appendix E). Separating these 



135 

 

probabilities into males, females, and the population as a whole permitted easy application to 

any individual or sample (Appendix F).  

6.2.3. Exploring the Potential of Population Health Models and Frameworks 

for Bioarchaeology 

 The techniques developed to produce probability results allowed for the application 

of outcome data to archaeological population scenarios. However, before applying this 

method, techniques were developed to pull the impact of population health factors into the 

discussion. Since interpreting archaeological populations using a combination of clinical, 

historic, ethnographic, and archaeological data had not been attempted, several new tools 

had to be devised. It was decided that these tools should be numeric since results could then 

easily be combined and compared (Chapter 5).  

6.2.3.1. Health Determinants Impact Score (HDIS) 

 A population health model was identified that was relevant for the research and 

easily revised when limited information for the archaeological population was available. The 

Multiple Determinants of Health Model, was chosen and adapted to incorporate specific 

determinants of health; including, social environment (social networks, societal values and 

norms (physical or mental weakness and access to resources), work, power distribution, and 

social support for ill health), physical environment (terrain, resources, subsistence, climate, 

housing, and transportation), health interventions, and individual responses (reported group 

biological health and general disposition – life outlook) (fig.5.1). A scoring system was 

created, based on what is known about these determinants of health and how they can 

influence health outcomes. Using research gleaned from historic, ethnographic and 

archaeological sources, the designated populations were scored on a grid that estimated 

impact for each population health variable. Since sex has a bearing on many social 

determinants of health and on clinical outcomes, the sexes were considered separately 

(Chapter 5). The Health Determinants Impact Score (HDIS-sum) is the sum of scores for 

each population health factor, for each population, and by sex.  
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6.2.3.2. Functional Impact Probability Score (FIPS) 

 Once the majority of population health data was quantified, the remaining 

determinant data, falling within the health and function category and taking the form of 

probability estimates, was adapted so that it could be combined with the other determinants 

of health data. This step took the affected knee into account since probabilities could be knee 

specific. This step also considered each activity described in the outcome variable and only 

included those relevant to the populations. Once the outcome variables by knee and sex were 

identified, summary probability scores were calculated by adding and averaging all 

applicable probabilities (Chapter 5). This average was called the Functional Impact 

Probability Scores (FIPS), which was calculated for all the possible right/left knee pair 

CAOS grade composites.  

6.2.3.3. Knee OA Impact Index 

 The HDIS-sum was combined with the FIPS to create a score that reflected both the 

clinical and population specific determinants data. Multiplication was the simplest and most 

straightforward method of combining scales, the product being a Knee OA Impact Index 

(KOII). The quantification of all the data into this streamlined numeric score allowed for 

easy comparison of populations but also comparisons of sex specific subpopulations. 

6.2.4. Identifying Impairment Potential of Knee OA in Archaeological Samples  

 Two populations were considered in this research, the 17
th

 century Huron and the 19
th

 

century Inuit from the Igloolik region. These distinct groups were chosen because they 

provided sufficient contrast in environmental data to demonstrate how the variability of 

these social and physical environmental factors contributes to functional and lifestyle 

outcomes. Collating data from clinical, archaeological, ethnographic, and historic sources 

was used to establish that Inuit females would have been the most impacted by knee OA. 

The disabling effects were supported by inadequate social circumstances and poor functional 

outcomes, while Huron males would have had the least impairment potential impact from 

knee OA.   
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6.3. Unique Information Provided by this Research 

6.3.1. The CAOS Tool was Superior to NWI, NDI, and CNI for Creating an 

Osteological Correlate in Knee OA 

 From comparisons of the qualitative and quantitative measures, the CAOS approach 

was the best mechanism to link bone changes at the distal femur and functional outcome 

variables. Quantitative assessment of the femoral intercondylar notch captured through the 

NWI, NDI, and the CNI showed little variability over the range of the results, indicating that 

these measures are not sensitive enough to allow for the direct correlation with functional 

and lifestyle outcome measures. The CAOS grading system lead to a great number of 

statistically significant relationships with the selected outcome variables, confirming that 

macroscopic bone features are the best option for linking osteological and outcome data. 

This newly developed, unique method will allow bioarchaeologists and researchers to make 

inferences to skeletal populations via this osteological bridge.  

Although there were a many statistically significant correlations between NDI and 

various outcome variables in the female population, these were not sensitive enough for 

direct application to archaeological populations. However, these results highlighted a 

possible difference in the biological mechanism of symptom production. Symptoms 

produced by the weight bearing function of the knee joint appeared to be captured by the 

CAOS grading system while symptoms produced by knee instability appeared to be captured 

by the intercondylar notch measures. The findings suggest that the biological differences 

between males and females have an impact on symptom production. 

6.3.2. The CAOS Measure can be Linked to Outcome Data and can also be 

Operationalized to Better Interpret Skeletal Populations 

 The CAOS grading system was related to outcome data for specific activities, such as 

pain when navigating stairs. This relationship was established with frequency distribution 

data that was converted to probabilities, producing a probability score for each outcome 

variable at each CAOS grade of knee OA. The probabilities, reflecting the potential of 

having an issue with a particular outcome at a particular CAOS grade, were given for the 

whole population and male and female subpopulations. Research showed that males and 
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females had distinct outcome probabilities. The example in Chapter 4 shows this best, where 

a female with CAOS grade 3 had a 0.93 probability of having difficulty climbing several 

flights of stairs and males with the same CAOS grade and the same task had a much lower 

probability at 0.45. Providing outcome data in such a manner is a unique contribution to the 

field that allows for applications to individual cases or population based scenarios.  

6.3.3. Operationalized Outcome Data along with Population Health 

Approaches can Improve our Understanding of Disease Impact in 

Archaeological Populations 

 Though applying outcome probabilities derived from clinical populations to 

archaeological populations can assist the bioarchaeologist in understanding the impact of 

knee OA on functional capacity, it does not provide a complete picture of impairment 

potential. Bringing other population health considerations into the dialogue, as outlined in 

the revised Multiple Determinants of Health model, provides important details to improve 

interpretation. This study is unique in operationalizing population health, clinical, 

ethnographic, historic, and archaeological data into a system that considers all when 

interpreting potential outcome scenarios, given the degree of knee OA, the sex of the group, 

and the environments in which they are embedded.  

6.4. Contribution of this Research to the Fields of Bioarchaeology and 

Population Health  

6.4.1.  Bioarchaeology 

 This study is unique in linking bone changes in the distal femur consistent with knee 

OA to lifestyle data, making this information accessible to the bioarchaeologist and allowing 

for the application of the clinical findings to archaeological populations. The research also 

confirmed that morphological assessments of the entire distal femur are better than metric 

analyses of the femoral intercondylar notch for exploring impairment potential. This 

confirmation was emphasized by the results that exemplified what is intuitive, that increased 

degeneration of at least one aspect of the knee joint leads to worse mobility and functional 

outcomes. However, the new method provides more precision in this analysis by providing 
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probabilities of how the degree of knee OA can affect specific functional and lifestyle 

factors. 

Another contribution to bioarchaeology was to highlight the importance of assessing 

males and females separately when considering the effects of a disease process and not to 

assume that the impact would be equal. Also, it is important to consider medication usage in 

clinical populations, which could provide a masking effect over the true impact of a disease 

process that might be found in archaeological populations. 

 Though all of these contributions are important, developing a method to introduce a 

population health lens through which paleopathology can be interpreted may the principle 

contribution. Population health determinants have been known, in modern health scenarios, 

to have a major impact on outcomes as they consider the individual as not simply a 

biological island but as a composite structure being influenced by, and influencing, the 

environments in which they are nested. Paleopathology often describes the biological aspect 

of disease in human bone but rarely moves beyond this description to include aspects of the 

individual‟s social and physical environments. This may be simply because population 

health approaches are not known to the bioarchaeologist or that the data needed to inform 

these environmental aspects are not available. This research has shown that failure to 

incorporate aspects of the physical and social environment can influence the accuracy of 

defining the impairment potential of a disease process. Therefore, even if some information 

about the skeletal population being studied is lacking, the environmental aspects that are 

known should be brought into the dialogue because they can have an impact on the accuracy 

of interpretations by the bioarchaeologist.  

 Using the population examples of the 17
th

 century Huron and the 19
th

 century Inuit 

from the Igloolik region of Nunavut, the validity of using population health models and 

determinants of health data to explore the differences in potential functional outcomes for 

each group was shown. This research shows that bioarchaeologists can no longer use blanket 

statements about the impact of knee OA but first must consider which populations are being 

examined and the known determinants of health for those groups.  
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6.4.2. Population Health  

 For the field of population health, expanding the use of its models and theories to 

arenas where they are not currently used and showing the application potential of their 

integration;  

 expands the multi-disciplinary reach of the paradigm to new frontiers  

 demonstrate the value of the population health approach  

 encourages the experimentation of application of population health models and 

approaches to fields not currently exploring their potential  

 demonstrates that discussion of health on either present or past populations is not 

complete without the consideration of all known variables both internal and external 

to the individual 

6.5. Answering the Research Question 

 How can bone changes in the distal femur be used to inform our understanding of 

impairment and disability for archaeological populations? 

 Bone changes in the distal femur, when linked to functional and lifestyle outcome 

data, quantify impairment potential through outcome probabilities. With disability as a social 

construct, the social and physical environments in which populations are embedded provide 

a disability potential framework. Combining impairment and disability data for select 

populations allows bioarchaeologists to estimate knee OA‟s impact on ancient groups. 

Therefore, through adaptation of clinical information and population health models, bone 

changes in the distal femur associated with progressive, degenerative changes from knee OA 

can now inform our understanding of impairment and disability for archaeological 

populations. 

6.6. Future Research  

 The current research has shown the potential of incorporating population health 

models into the interpretation of health in skeletal populations. The results are exciting and 

validate the call for a paradigm shift in the field of paleopathology from viewing individuals 

as biological entities to viewing them as biopsychosocial constructs nested in various 

environments, adapting to the ebb and flow of the non-static world that surrounds them. 
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With this new understanding, the potential of applying population health frameworks, 

models, and general approaches become boundless. To expand on this initial research, 

additional research avenues could include: 

 applying CAOS grading system to other clinical samples to verify findings generated 

from the OAI data 

 inter and intraobserver reliability studies on the CAOS grading system  

 applying the framework for examining the impairment potential of knee OA to other 

populations beyond the two explored in this thesis 

 applying the framework to individual case studies  

 applying portions of the framework, especially the health determinants section, to 

populations with limited ethnographic, historic, and/or archaeological data  

 explore different diseases using the template developed by this research 

 With the realization that population health approaches can not only be incorporated 

into the field of bioarchaeology but provide an opportunity to increase the depth of the 

analysis of the impact of disease, the integration of these two fields opens a door to a vast 

increase in knowledge generation from skeletal samples.  

6.7. Concluding Remarks 

 Knee OA is a chronic, progressive disease that, through imbalances in the damage 

and repair cycles, causes the breakdown of articular joint structures. In a clinical sample, this 

breakdown is primarily assessed through radiographic evidence of joint space narrowing, 

formation of osteophytes, subchondral bone sclerosis and cysts, and altered morphology of 

bone ends. In a skeletal sample, only the disarticulated osseous structures remain for 

appraisal with the primary assessment criteria, including osteophytes, articular surface 

pitting and/or eburnation, and articular surface contour changes.  

 Since the knee is a key biological structure in human mobility and load transfer, 

deterioration of the bone and soft tissue structures have many implications for movement 

and functional capacity. However, these implications are dependent on symptom expression 

since it is the avoidance of symptoms that leads to limb use modification.  
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 This research provides a link between bone changes seen at the distal femur and 

symptom and impairment outcomes. Creating this link allows for the application of these 

results gleaned from clinical populations to skeletal populations. Using this data as a single 

aspect of the revised multiple determinants of health model and then using ethnographic, 

historic, and archaeological data to inform the remaining portions of that model allows for a 

broadened interpretation of the impact of knee OA in archaeological populations. Since this 

research is unique, new techniques and procedures were developed to achieve the goal.  

 To understand the importance of this line of research, we should consider the depth 

of what is lost when interpreting only the biological aspect of human remains. Let us 

consider how we experience ill health, how it affects all those around us, how it changes our 

interaction with our environment and people in our social circle, how the environment both 

physical and social impacts how we function, how those around us can judge us and make us 

feel small or support us and making us feel better. When you consider these factors, it is hard 

to look at skeletal remains from someone who has had a life and only report that the person 

had a pathological lesion, that they probably got the pathological lesion because they did 

something repeatedly as part of their daily routine, or they were exposed to a traumatic 

situation. This biological view excludes the humanity, the give and take with the 

environment, the psychological burden ill health can create, and the depth and breadth of the 

experience. 

 As a bioarchaeologist, I found the standard interpretation unacceptable, I wanted to 

say more, understand better, to be able to show that the experience of knee OA cannot be the 

same for everyone, but too many factors were involved. Population health models were the 

best mechanism to examine the humanness of the disease process on an individual and their 

community by bringing into the dialogue of skeletal remains factors beyond the biological, 

factors that research has shown interplay with the disease process through the biological. 

 The goal of the research was not simply to examine what factors affect an 

individual‟s outcome in the presence of varying degrees of knee OA but to encourage a 

paradigm shift in the field of paleopathology. To argue that, for all disease processes, the 

biological description of ill health through skeletal lesions is only a single component in the 

interpretation process of the person who had the affliction. To fully understand any 

pathology in any individual or population it is imperative to consider the physical, social, 
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and resource nest in which they are resting. While it has to be acknowledged that there are 

components of this broadened dialogue that can only be inferred and components that we 

can never fully comprehend, historic, ethnographic, archaeological, and even clinical data 

can provide some insight, an additional lens through which a disease process can be viewed.  

 The research presented in this thesis proves that isolating the dialogue of knee OA to 

the biological (i.e. applying the same standard of impairment potential equally across very 

different populations from very different geographical regions) is invalid. Understanding the 

impact a disease process could have through the examination of clinical populations is only 

the first step in a multi-step process of truly understanding a disease‟s influence on the 

outcomes of individuals and populations.    
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Appendix A: Osteoarthritis Initiative Data User Agreement 
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Appendix B: List of OAI indexed variables used in this thesis, 

their related codes, and descriptions 

OAI Indexed Variables Description Assessed Factors Contributing to Overall 

Score 

WOMAC stiffness 

score 

womstfr = right knee Stiffness evaluated for 

the past 7 days with 

0=none and 4=extreme 

(the stiffness subscale 

possible score range is 0-

8) 

In morning, later in day 

womstfl = left knee 

WOMAC pain 

score 

womkpr = right knee Pain evaluated for the 

past 7 days with 0=none 

and 4=extreme (the pain 

subscale possible score 

range is 0-20) 

Down/up stairs, standing from sitting, 

standing, bending, walking, in/out car, 

shopping, socks on/off, get out of bed, lying 

down, in/out of bathtub, sitting, on/off toilet, 

heavy chores, light chores 

womkpl = left knee 

WOMAC 

disability score 

womdlr = right knee Disability evaluated for 

the past 7 days with 

0=none and 4=extreme 

(the disability subscale 

possible score range is 0-

68) 

womdll = left knee 

KOOS symptoms 

score  

koosymr = right knee Symptoms during the 

past 7 days scored on a 4 

point scale ranging 

usually ranging from 

always to never 

Swelling, grinding/clicking, catch/hang up, 

straighten/bend knee fully 

koosyml = left knee 

KOOS pain score  kooskpr = right knee In the past 7 days how 

much pain have you had 

doing the activities 

0=none and 4=extreme 

Twisting/pivoting on knee, 

straightening/bending knee fully 

kooskpl = left knee 

KOOS function, 

sports, and 

recreational 

activities score 

koosfsr = both knees Concerns physical 

function when being 

active on a higher level - 

what degree of difficulty 

in last 7 days 0=none and 

4=extreme 

Degree of difficulty when squatting, 

running, jumping, twisting/pivoting, 

kneeling 
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KOOS Quality of 

Life 

koosqol Concerns quality of life 

issues with questions 

being measured on 

different 5 point scales 

with 0 indicating no 

problem and 4 indicating 

excessive problems 

Aware of problems, modify lifestyle to 

avoid problems, problems cause lack of 

confidence, general difficulty 

Health survey 

(SF12) mental 

summary scale 

hsmss Survey asks for views 

about your health - how 

you feel 

Any problems with work or daily activities 

due to emotional problems, feeling 

calm/peaceful/downhearted/depressed, 

energy level 

Health survey 

(SF12) physical 

summary scale 

hspss Survey asks for views 

about your health - how 

well you are able to do 

your usual activities 

Does your health limit you in moderate 

activities/stairs, accomplish less, limited in 

activities, pain interfering 
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Appendix C: List of the individual OAI variables that 

contribute to the indexed variables including their codes and 

general descriptions 

Table 1. The individual OAI variables contributing to the KOOS indices and their respective 

codes.  

Right knee: KOOS Pain Score KOOSKPR  

 KPRKN1   Right knee pain: twisting/pivoting on knee, last 7 days 

 KPRKN2   Right knee pain: straightening knee fully, last 7 days 

 KPRKN3   Right knee pain: bending knee fully, last 7 days 

Left knee: KOOS Pain Score KOOSKPL  

 KPLKN1   Left knee pain: twisting/pivoting on knee, last 7 days 

 KPLKN2   Left knee pain: straightening knee fully, last 7 days 

 KPLKN3   Left knee pain: bending knee fully, last 7 days 

Right knee: KOOS Symptoms Score KOOSYMR  

 KSXRKN1   Right knee symptoms: swelling, last 7 days 

 KSXRKN2   Right knee symptoms: feel grinding, hear clicking or any other type of noise when knee moves, last 7 

days 

 KSXRKN3   Right knee symptoms: knee catch or hang up when moving, last 7 days 

 KSXRKN4   Right knee symptoms: straighten knee fully, last 7 days 

 KSXRKN5   Right knee symptoms: bend knee fully, last 7 days 

Left knee: KOOS Symptoms Score KOOSYML  

 KSXLKN1   Left knee symptoms: swelling, last 7 days 

 KSXLKN2   Left knee symptoms: feel grinding, hear clicking or any other type of noise when knee moves, last 7 

days 

 KSXLKN3   Left knee symptoms: knee catch or hang up when moving, last 7 days 

 KSXLKN4   Left knee symptoms: straighten knee fully, last 7 days 

 KSXLKN5   Left knee symptoms: bend knee fully, last 7 days 

KOOS Function, Sports, and Recreational Activities Score KOOSFSR  

 KOOSFX1   Either knee difficulty: squatting, last 7 days 

 KOOSFX2   Either knee difficulty: running, last 7 days 

 KOOSFX3   Either knee difficulty: jumping, last 7 days 

 KOOSFX4   Either knee difficulty: twisting/pivoting on injured knee, last 7 days 

 KOOSFX5   Either knee difficulty: kneeling, last 7 days 

 KOOS Quality of Life Score KOOSQOL  

 KQOL1  Quality of life: how often aware of problems with knee(s) 

 KQOL2  Quality of life: modified lifestyle to avoid potentially damaging activities to knee(s) 

 KQOL3  Quality of life: how much troubled with lack of confidence in knee(s) 

 KQOL4  Quality of life: in general, how much difficulty have with knee(s) 
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Table 2. The individual OAI variables contributing to the WOMAC indices and their 

respective codes.  

 

Right knee: WOMAC Pain Score WOMKPR  

 WPRKN1   Right knee pain: walking, last 7 days 

 WPRKN2   Right knee pain: stairs, last 7 days 

 WPRKN3   Right knee pain: in bed, last 7 days 

 WPRKN4   Right knee pain: sit or lie down, last 7 days 

 WPRKN5   Right knee pain: standing, last 7 days 

 Left knee: WOMAC Pain Score WOMKPL  

 WPLKN1   Left knee pain: walking, last 7 days 

 WPLKN2   Left knee pain: stairs, last 7 days 

 WPLKN3   Left knee pain: in bed, last 7 days 

 WPLKN4   Left knee pain: sit or lie down, last 7 days 

 WPLKN5   Left knee pain: standing, last 7 days 

 Right knee: WOMAC Stiffness Score WOMSTFR  

 WSRKN1   Right knee stiffness: in morning, last 7 days 

 WSRKN2   Right knee stiffness: later in day, last 7 days 

 Left knee: WOMAC Stiffness Score WOMSTFL  

 WSLKN1   Left knee stiffness: in morning, last 7 days 

 WSLKN2   Left knee stiffness: later in day, last 7 days 

 Right knee: WOMAC Disability Score WOMADLR  

 DIRKN1   Right knee difficulty: down stairs, last 7 days 

 DIRKN2   Right knee difficulty: up stairs, last 7 days 

 DIRKN3   Right knee difficulty: stand from sitting, last 7 days 

 DIRKN4   Right knee difficulty: standing, last 7 days 

 DIRKN5   Right knee difficulty: bending, last 7 days 

 DIRKN6   Right knee difficulty: walking, last 7 days 

 DIRKN7   Right knee difficulty: in car/out of car, last 7 days 

 DIRKN8   Right knee difficulty: shopping, last 7 days 

 DIRKN9   Right knee difficulty: socks on, last 7 days 

 DIRKN10   Right knee difficulty: get out of bed, last 7 days 

 DIRKN11   Right knee difficulty: socks off, last 7 days 

 DIRKN12   Right knee difficulty: lying down, last 7 days 

 DIRKN13   Right knee difficulty: get in/out of bathtub, last 7 days 

 DIRKN14   Right knee difficulty: sitting, last 7 days 

 DIRKN15   Right knee difficulty: on/off toilet, last 7 days 

 DIRKN16   Right knee difficulty: heavy chores, last 7 days 

 DIRKN17   Right knee difficulty: light chores, last 7 days 
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 Left knee: WOMAC Disability Score WOMADLL  

 DILKN1   Left knee difficulty: down stairs, last 7 days 

 DILKN2   Left knee difficulty: up stairs, last 7 days 

 DILKN3   Left knee difficulty: stand from sitting, last 7 days 

 DILKN4   Left knee difficulty: standing, last 7 days 

 DILKN5   Left knee difficulty: bending, last 7 days 

 DILKN6   Left knee difficulty: walking, last 7 days 

 DILKN7   Left knee difficulty: in car/out of car, last 7 days 

 DILKN8   Left knee difficulty: shopping, last 7 days 

 DILKN9   Left knee difficulty: socks on, last 7 days 

 DILKN10   Left knee difficulty: get out of bed, last 7 days 

 DILKN11   Left knee difficulty: socks off, last 7 days 

 DILKN12   Left knee difficulty: lying down, last 7 days 

 DILKN13   Left knee difficulty: get in/out of bathtub, last 7 days 

 DILKN14   Left knee difficulty: sitting, last 7 days 

 DILKN15   Left knee difficulty: on/off toilet, last 7 days 

 DILKN16   Left knee difficulty: heavy chores, last 7 days 

 DILKN17   Left knee difficulty: light chores, last 7 days 

 

Table 3. The individual OAI variables contributing to the SF-12 indices and their respective 

codes.  

SF-12: physical summary scale for the MOS 12-item short-form health survey HSPSS  

SF-12: mental summary scale for the MOS 12-item short-form health survey HSMSS  

 SF1  in general, how is health 

 SF2 how much health limit involvement in moderate activities (e.g., moving a table, pushing vacuum cleaner...) 

 SF3 how much health limit climbing several flights of stairs  

 SF4 

how often physical health result in accomplishing less than would like with work or other activities, past 4 

weeks 

 SF5 how often physical health result in being limited in kind of work or other activities, past 4 weeks 

 SF6 

how often emotional problems result in accomplishing less than would like with work or other activities, past 4 

weeks 

 SF7 how often emotional problems result in not doing work or activities as carefully as usual, past 4 weeks  

 SF8 how much did pain interfere with normal work (include work outside home and housework), past 4 weeks 

 SF9 how often felt calm and peaceful, past 4 weeks 

 SF10 how often had a lot of energy, past 4 weeks SF 

 SF11 how often felt downhearted and depressed, past 4 weeks  

 SF12 

how often physical health or emotional problems interfered with social activities (like visiting with friends, 

relatives, etc.), past 4 weeks 
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Appendix D. Examples of calculated notch measures and notch 

indices and outcome variable scores for the study population 

Table 1. Intercondylar notch measures, calculated indices, and OAI outcome information for 

SF1, SF2, SF3, SF4, and SF5. 

Patient ID Side Notch 

Width 

Condylar 

Width 

Notch 

Depth 

Condylar 

Depth 

Notch 

Width 

Index 

Notch 

Depth 

Index 

Combined 

Notch 

Index 

S

F

1 

S

F

2 

S

F

3 

S

F

4 

S

F

5 

9212530 2 1.49 8 2.77 5.72 0.19 0.48 0.34 3 3 3 4 5 

9212530 1 1.53 8.02 2.77 6.02 0.19 0.46 0.33 3 3 3 4 5 

9225592 2 2.16 7.39 2.45 5.6 0.29 0.44 0.36 2 3 2 3 4 

9225592 1 2.15 7.5 2.37 5.77 0.29 0.41 0.35 2 3 2 3 4 

9309170 2 1.39 7.55 3.1 6.13 0.18 0.51 0.34 3 3 2 5 5 

9309170 1 1.5 7.41 3 6.13 0.20 0.49 0.35 3 3 2 5 5 

9355257 2 1.42 7.8 2.84 6.36 0.18 0.45 0.31 1 3 3 5 5 

9355257 1 1.89 7.85 2.82 6.35 0.24 0.44 0.34 1 3 3 5 5 

9355648 2 2.12 8.61 2.85 6.31 0.25 0.45 0.35 3 3 3 5 5 

9355648 1 2.19 8.6 2.85 6.53 0.25 0.44 0.35 3 3 3 5 5 

9361974 2 2.04 7.91 2.77 6.64 0.26 0.42 0.34 3 3 2 3 5 

9361974 1 1.9 7.69 2.77 6.42 0.25 0.43 0.34 3 3 2 3 5 

9384158 2 1.64 7.85 2.52 5.98 0.21 0.42 0.32 3 2 2 3 3 

9384158 1 1.68 7.87 2.44 5.94 0.21 0.41 0.31 3 2 2 3 3 

9396242 2 1.94 8.52 2.95 6.86 0.23 0.43 0.33 2 3 3 5 5 

9396242 1 1.9 8.66 2.89 6.76 0.22 0.43 0.32 2 3 3 5 5 

9402960 2 2.08 9.26 2.81 6.89 0.22 0.41 0.32 2 3 3 5 5 

9402960 1 2.79 9.22 2.88 6.96 0.30 0.41 0.36 2 3 3 5 5 

9416381 2 1.82 8.06 2.74 6.38 0.23 0.43 0.33 4 2 1 3 3 

9416381 1 1.79 7.88 2.81 6.27 0.23 0.45 0.34 4 2 1 3 3 

9423008 2 1.75 9.16 3.14 6.97 0.19 0.45 0.32 2 1 1 4 5 

9423008 1 1.42 9.15 3.21 6.82 0.16 0.47 0.31 2 1 1 4 5 

9432102 2 2.66 9.89 2.81 7.16 0.27 0.39 0.33 3 3 2 4 4 

9432102 1 2.77 9.84 2.81 6.93 0.28 0.41 0.34 3 3 2 4 4 

9453626 2 1.94 8.82 3.1 6.27 0.22 0.49 0.36 3 3 3 4 2 

9453626 1 1.94 8.68 3.03 6.24 0.22 0.49 0.35 3 3 3 4 2 

9456233 2 1.03 7.51 2.34 5.65 0.14 0.41 0.28 1 2 1 3 3 

9456233 1 1.5 7.74 2.15 5.54 0.19 0.39 0.29 1 2 1 3 3 

9458868 2 2.01 7.86 3.14 6.35 0.26 0.49 0.38 3 1 2 2 3 

9458868 1 1.9 7.84 3.03 6.34 0.24 0.48 0.36 3 1 2 2 3 

9503434 2 1.94 7.95 3 6.6 0.24 0.45 0.35 3 3 3 5 5 
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9503434 1 1.8 8.17 2.82 6.74 0.22 0.42 0.32 3 3 3 5 5 

9528955 2 1.79 8.93 2.59 6.82 0.20 0.38 0.29 2 3 3 3 3 

9528955 1 1.87 8.87 2.63 6.64 0.21 0.40 0.30 2 3 3 3 3 

9532533 2 1.46 7.37 2.7 6.13 0.20 0.44 0.32 2 3 3 5 4 

9532533 1 1.55 7.55 2.57 6.01 0.21 0.43 0.32 2 3 3 5 4 

9537090 2 1.68 8.39 3.1 6.46 0.20 0.48 0.34 2 2 2 4 4 

9537090 1 1.6 8.22 3.05 6.64 0.19 0.46 0.33 2 2 2 4 4 

9560965 2 1.82 8.06 2.88 6.49 0.23 0.44 0.33 2 3 2 4 2 

9560965 1 1.71 7.99 2.81 6.46 0.21 0.43 0.32 2 3 2 4 2 

9562591 2 1.61 8.65 2.96 6.74 0.19 0.44 0.31 3 3 3 5 5 

9562591 1 1.8 8.7 2.67 6.6 0.21 0.40 0.31 3 3 3 5 5 

9569715 2 1.72 7.32 2.41 5.94 0.23 0.41 0.32 2 3 3 5 5 

9569715 1 1.64 7.26 2.37 5.95 0.23 0.40 0.31 2 3 3 5 5 

9590145 2 1.75 8.31 2.99 6.45 0.21 0.46 0.34 3 3 3 5 5 

9590145 1 1.68 8.23 3 6.52 0.20 0.46 0.33 3 3 3 5 5 

9590485 2 1.43 8.06 2.88 6.38 0.18 0.45 0.31 2 2 2 1 1 

9590485 1 1.29 7.94 2.96 6.52 0.16 0.45 0.31 2 2 2 1 1 

9637676 2 1.42 8.83 2.44 6.81 0.16 0.36 0.26 3 2 1 2 3 

9637676 1 1.39 8.93 2.6 7 0.16 0.37 0.26 3 2 1 2 3 

9640473 2 1.87 9.09 2.99 7.04 0.21 0.42 0.32 4 2 2 4 4 

9640473 1 1.82 9.11 2.99 6.89 0.20 0.43 0.32 4 2 2 4 4 

9646958 2 1.79 8.45 2.92 6.6 0.21 0.44 0.33 2 3 3 5 5 

9646958 1 1.68 8.57 2.92 6.71 0.20 0.44 0.32 2 3 3 5 5 

9651949 2 1.76 8.26 3 6.4 0.21 0.47 0.34 3 3 1 2 2 

9651949 1 1.86 8.27 2.88 6.48 0.22 0.44 0.33 3 3 1 2 2 

9659472 2 1.83 9.17 3.04 7.01 0.20 0.43 0.32 2 3 3 5 5 

9659472 1 1.93 9.2 3.14 7.19 0.21 0.44 0.32 2 3 3 5 5 

9659956 2 1.75 9.49 3.43 7.08 0.18 0.48 0.33 3 3 2 4 4 

9659956 1 1.75 9.42 3.32 7.01 0.19 0.47 0.33 3 3 2 4 4 

9660607 2 1.87 9.46 3.63 7.14 0.20 0.51 0.35 3 3 3 4 4 

9660607 1 1.91 9.52 3.41 7.23 0.20 0.47 0.34 3 3 3 4 4 

9664468 2 1.94 9.01 2.96 6.71 0.22 0.44 0.33 3 3 2 4 4 

9664468 1 1.86 9.28 2.95 6.82 0.20 0.43 0.32 3 3 2 4 4 

9669143 2 1.63 8.2 2.7 6.06 0.20 0.45 0.32 2 3 3 4 5 

9669143 1 1.5 8.24 2.81 6.27 0.18 0.45 0.32 2 3 3 4 5 

9676235 2 1.35 7.89 3.21 6.64 0.17 0.48 0.33 2 3 3 5 5 

9676235 1 1.35 7.91 3.24 6.78 0.17 0.48 0.32 2 3 3 5 5 

9680344 2 1.97 8.68 2.44 6.49 0.23 0.38 0.30 3 1 1 3 2 

9680344 1 2.01 8.61 2.52 6.43 0.23 0.39 0.31 3 1 1 3 2 

9682254 2 1.53 7.55 2.44 6.35 0.20 0.38 0.29 2 3 3 5 5 
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9682254 1 1.53 7.66 2.48 6.5 0.20 0.38 0.29 2 3 3 5 5 

9690658 2 1.82 8.39 2.92 6.38 0.22 0.46 0.34 3 3 2 3 3 

9690658 1 1.99 8.57 3.12 6.46 0.23 0.48 0.36 3 3 2 3 3 

9695430 2 2.12 9.15 3.21 7.18 0.23 0.45 0.34 3 2 2 3 3 

9695430 1 2.3 9.12 3.32 7.04 0.25 0.47 0.36 3 2 2 3 3 

9699340 2 1.8 9.06 3.12 6.89 0.20 0.45 0.33 1 3 3 5 5 

9699340 1 1.78 9.09 3.07 7.05 0.20 0.44 0.32 1 3 3 5 5 

9704858 2 1.97 8.79 2.96 7.37 0.22 0.40 0.31 3 2 2 4 4 

9704858 1 2.11 8.83 3.03 6.89 0.24 0.44 0.34 3 2 2 4 4 

9712471 2 1.86 8.86 2.99 7.04 0.21 0.42 0.32 2 3 3 5 5 

9712471 1 1.71 8.93 3.1 7.15 0.19 0.43 0.31 2 3 3 5 5 

9714996 2 1.86 8.69 3.03 6.78 0.21 0.45 0.33 2 3 2 4 5 

9714996 1 1.79 8.75 2.84 6.75 0.20 0.42 0.31 2 3 2 4 5 

9719999 2 1.82 9.01 3.17 6.89 0.20 0.46 0.33 2 2 3 5 5 

9719999 1 1.97 9.03 3.03 7.41 0.22 0.41 0.31 2 2 3 5 5 

9726778 2 1.97 8.93 2.82 6.71 0.22 0.42 0.32 2 3 2 4 4 

9726778 1 1.9 9.08 2.92 7.04 0.21 0.41 0.31 2 3 2 4 4 

9993650 2 1.97 7.91 2.63 5.76 0.25 0.46 0.35 2 3 3 5 5 

9993650 1 1.75 7.81 2.52 6.02 0.22 0.42 0.32 2 3 3 5 5 

9978026 2 1.86 9.01 3 6.79 0.21 0.44 0.32 2 2 2 3 3 

9978026 1 1.64 9.04 2.96 6.75 0.18 0.44 0.31 2 2 2 3 3 

9967728 2 1.57 7.22 2.19 5.76 0.22 0.38 0.30 3 2 1 3 3 

9967728 1 1.61 7.13 2.05 5.57 0.23 0.37 0.30 3 2 1 3 3 

9954040 2 1.93 8.6 2.77 6.64 0.22 0.42 0.32 4 3 2 2 3 

9954040 1 1.73 8.6 2.73 6.56 0.20 0.42 0.31 4 3 2 2 3 

9937239 2 2.04 8.14 2.48 6.42 0.25 0.39 0.32 4 3 2 3 4 

9937239 1 1.97 8.1 2.62 6.32 0.24 0.41 0.33 4 3 2 3 4 

9929102 2 1.9 8.9 2.99 7 0.21 0.43 0.32 2 3 3 5 5 
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Table 2. Intercondylar notch measures, calculated indices, and OAI outcome information for 

SF6, SF7, SF8, SF9, and SF10. 

 

Patient 

ID 

Side Notch 

Width 

Condylar 

Width 

Notch 

Depth 

Condylar 

Depth 

Notch 

Width 

Index 

Notch 

Depth 

Index 

Combined 

Notch 

Index 

S

F

6 

S

F

7 

S

F

8 

S

F

9 

S

F

1

0 

9212530 2 1.49 8 2.77 5.72 0.19 0.48 0.34 4 5 2 4 4 

9212530 1 1.53 8.02 2.77 6.02 0.19 0.46 0.33 4 5 2 4 4 

9225592 2 2.16 7.39 2.45 5.6 0.29 0.44 0.36 5 5 2 2 2 

9225592 1 2.15 7.5 2.37 5.77 0.29 0.41 0.35 5 5 2 2 2 

9309170 2 1.39 7.55 3.1 6.13 0.18 0.51 0.34 5 4 2 3 3 

9309170 1 1.5 7.41 3 6.13 0.20 0.49 0.35 5 4 2 3 3 

9355257 2 1.42 7.8 2.84 6.36 0.18 0.45 0.31 5 5 1 2 2 

9355257 1 1.89 7.85 2.82 6.35 0.24 0.44 0.34 5 5 1 2 2 

9355648 2 2.12 8.61 2.85 6.31 0.25 0.45 0.35 5 5 1 2 2 

9355648 1 2.19 8.6 2.85 6.53 0.25 0.44 0.35 5 5 1 2 2 

9361974 2 2.04 7.91 2.77 6.64 0.26 0.42 0.34 5 5 1 2 4 

9361974 1 1.9 7.69 2.77 6.42 0.25 0.43 0.34 5 5 1 2 4 

9384158 2 1.64 7.85 2.52 5.98 0.21 0.42 0.32 4 4 3 2 2 

9384158 1 1.68 7.87 2.44 5.94 0.21 0.41 0.31 4 4 3 2 2 

9396242 2 1.94 8.52 2.95 6.86 0.23 0.43 0.33 4 4 2 1 2 

9396242 1 1.9 8.66 2.89 6.76 0.22 0.43 0.32 4 4 2 1 2 

9402960 2 2.08 9.26 2.81 6.89 0.22 0.41 0.32 5 5 1 2 3 

9402960 1 2.79 9.22 2.88 6.96 0.30 0.41 0.36 5 5 1 2 3 

9416381 2 1.82 8.06 2.74 6.38 0.23 0.43 0.33 4 5 3 3 4 

9416381 1 1.79 7.88 2.81 6.27 0.23 0.45 0.34 4 5 3 3 4 

9423008 2 1.75 9.16 3.14 6.97 0.19 0.45 0.32 4 5 3 2 5 

9423008 1 1.42 9.15 3.21 6.82 0.16 0.47 0.31 4 5 3 2 5 

9432102 2 2.66 9.89 2.81 7.16 0.27 0.39 0.33 5 5 2 3 2 

9432102 1 2.77 9.84 2.81 6.93 0.28 0.41 0.34 5 5 2 3 2 

9453626 2 1.94 8.82 3.1 6.27 0.22 0.49 0.36 3 3 2 3 3 

9453626 1 1.94 8.68 3.03 6.24 0.22 0.49 0.35 3 3 2 3 3 

9456233 2 1.03 7.51 2.34 5.65 0.14 0.41 0.28 5 5 2 2 2 

9456233 1 1.5 7.74 2.15 5.54 0.19 0.39 0.29 5 5 2 2 2 

9458868 2 2.01 7.86 3.14 6.35 0.26 0.49 0.38 2 4 3 3 5 

9458868 1 1.9 7.84 3.03 6.34 0.24 0.48 0.36 2 4 3 3 5 

9503434 2 1.94 7.95 3 6.6 0.24 0.45 0.35 5 5 1 2 2 

9503434 1 1.8 8.17 2.82 6.74 0.22 0.42 0.32 5 5 1 2 2 
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9528955 2 1.79 8.93 2.59 6.82 0.20 0.38 0.29 5 5 3 1 2 

9528955 1 1.87 8.87 2.63 6.64 0.21 0.40 0.30 5 5 3 1 2 

9532533 2 1.46 7.37 2.7 6.13 0.20 0.44 0.32 5 5 2 2 2 

9532533 1 1.55 7.55 2.57 6.01 0.21 0.43 0.32 5 5 2 2 2 

9537090 2 1.68 8.39 3.1 6.46 0.20 0.48 0.34 4 4 2 3 2 

9537090 1 1.6 8.22 3.05 6.64 0.19 0.46 0.33 4 4 2 3 2 

9560965 2 1.82 8.06 2.88 6.49 0.23 0.44 0.33 3 3 3 2 2 

9560965 1 1.71 7.99 2.81 6.46 0.21 0.43 0.32 3 3 3 2 2 

9562591 2 1.61 8.65 2.96 6.74 0.19 0.44 0.31 5 5 2 2 3 

9562591 1 1.8 8.7 2.67 6.6 0.21 0.40 0.31 5 5 2 2 3 

9569715 2 1.72 7.32 2.41 5.94 0.23 0.41 0.32 5 5 1 2 1 

9569715 1 1.64 7.26 2.37 5.95 0.23 0.40 0.31 5 5 1 2 1 

9590145 2 1.75 8.31 2.99 6.45 0.21 0.46 0.34 5 5 1 4 3 

9590145 1 1.68 8.23 3 6.52 0.20 0.46 0.33 5 5 1 4 3 

9590485 2 1.43 8.06 2.88 6.38 0.18 0.45 0.31 2 1 4 3 4 

9590485 1 1.29 7.94 2.96 6.52 0.16 0.45 0.31 2 1 4 3 4 

9637676 2 1.42 8.83 2.44 6.81 0.16 0.36 0.26 3 3 4 3 4 

9637676 1 1.39 8.93 2.6 7 0.16 0.37 0.26 3 3 4 3 4 

9640473 2 1.87 9.09 2.99 7.04 0.21 0.42 0.32 4 5 3 2 4 

9640473 1 1.82 9.11 2.99 6.89 0.20 0.43 0.32 4 5 3 2 4 

9646958 2 1.79 8.45 2.92 6.6 0.21 0.44 0.33 5 5 2 2 2 

9646958 1 1.68 8.57 2.92 6.71 0.20 0.44 0.32 5 5 2 2 2 

9651949 2 1.76 8.26 3 6.4 0.21 0.47 0.34 5 4 3 4 4 

9651949 1 1.86 8.27 2.88 6.48 0.22 0.44 0.33 5 4 3 4 4 

9659472 2 1.83 9.17 3.04 7.01 0.20 0.43 0.32 5 5 1 1 1 

9659472 1 1.93 9.2 3.14 7.19 0.21 0.44 0.32 5 5 1 1 1 

9659956 2 1.75 9.49 3.43 7.08 0.18 0.48 0.33 4 4 2 2 4 

9659956 1 1.75 9.42 3.32 7.01 0.19 0.47 0.33 4 4 2 2 4 

9660607 2 1.87 9.46 3.63 7.14 0.20 0.51 0.35 5 5 2 1 2 

9660607 1 1.91 9.52 3.41 7.23 0.20 0.47 0.34 5 5 2 1 2 

9664468 2 1.94 9.01 2.96 6.71 0.22 0.44 0.33 5 5 1 2 2 

9664468 1 1.86 9.28 2.95 6.82 0.20 0.43 0.32 5 5 1 2 2 

9669143 2 1.63 8.2 2.7 6.06 0.20 0.45 0.32 5 4 2 2 3 

9669143 1 1.5 8.24 2.81 6.27 0.18 0.45 0.32 5 4 2 2 3 

9676235 2 1.35 7.89 3.21 6.64 0.17 0.48 0.33 5 5 1 2 2 

9676235 1 1.35 7.91 3.24 6.78 0.17 0.48 0.32 5 5 1 2 2 

9680344 2 1.97 8.68 2.44 6.49 0.23 0.38 0.30 5 5 3 2 3 

9680344 1 2.01 8.61 2.52 6.43 0.23 0.39 0.31 5 5 3 2 3 

9682254 2 1.53 7.55 2.44 6.35 0.20 0.38 0.29 5 5 3 1 3 

9682254 1 1.53 7.66 2.48 6.5 0.20 0.38 0.29 5 5 3 1 3 
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9690658 2 1.82 8.39 2.92 6.38 0.22 0.46 0.34 5 5 3 2 3 

9690658 1 1.99 8.57 3.12 6.46 0.23 0.48 0.36 5 5 3 2 3 

9695430 2 2.12 9.15 3.21 7.18 0.23 0.45 0.34 5 5 4 4 5 

9695430 1 2.3 9.12 3.32 7.04 0.25 0.47 0.36 5 5 4 4 5 

9699340 2 1.8 9.06 3.12 6.89 0.20 0.45 0.33 5 5 2 2 2 

9699340 1 1.78 9.09 3.07 7.05 0.20 0.44 0.32 5 5 2 2 2 

9704858 2 1.97 8.79 2.96 7.37 0.22 0.40 0.31 5 5 3 3 4 

9704858 1 2.11 8.83 3.03 6.89 0.24 0.44 0.34 5 5 3 3 4 

9712471 2 1.86 8.86 2.99 7.04 0.21 0.42 0.32 5 5 2 1 2 

9712471 1 1.71 8.93 3.1 7.15 0.19 0.43 0.31 5 5 2 1 2 

9714996 2 1.86 8.69 3.03 6.78 0.21 0.45 0.33 5 5 2 2 2 

9714996 1 1.79 8.75 2.84 6.75 0.20 0.42 0.31 5 5 2 2 2 

9719999 2 1.82 9.01 3.17 6.89 0.20 0.46 0.33 5 5 1 2 2 

9719999 1 1.97 9.03 3.03 7.41 0.22 0.41 0.31 5 5 1 2 2 

9726778 2 1.97 8.93 2.82 6.71 0.22 0.42 0.32 5 5 2 2 2 

9726778 1 1.9 9.08 2.92 7.04 0.21 0.41 0.31 5 5 2 2 2 

9993650 2 1.97 7.91 2.63 5.76 0.25 0.46 0.35 5 5 2 2 2 

9993650 1 1.75 7.81 2.52 6.02 0.22 0.42 0.32 5 5 2 2 2 

9978026 2 1.86 9.01 3 6.79 0.21 0.44 0.32 5 5 3 2 2 

9978026 1 1.64 9.04 2.96 6.75 0.18 0.44 0.31 5 5 3 2 2 

9967728 2 1.57 7.22 2.19 5.76 0.22 0.38 0.30 3 3 4 4 4 

9967728 1 1.61 7.13 2.05 5.57 0.23 0.37 0.30 3 3 4 4 4 

9954040 2 1.93 8.6 2.77 6.64 0.22 0.42 0.32 5 3 3 2 3 

9954040 1 1.73 8.6 2.73 6.56 0.20 0.42 0.31 5 3 3 2 3 

9937239 2 2.04 8.14 2.48 6.42 0.25 0.39 0.32 4 5 2 2 2 

9937239 1 1.97 8.1 2.62 6.32 0.24 0.41 0.33 4 5 2 2 2 

9929102 2 1.9 8.9 2.99 7 0.21 0.43 0.32 5 5 2 3 3 
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Table 3. Intercondylar notch measures, calculated indices, and OAI outcome information for 

SF11, SF12, WPRKN1, and WPRKN2. 

 

Patient 

ID 

Side Notch 

Width 

Condylar 

Width 

Notch 

Depth 

Condylar 

Depth 

Notch 

Width 

Index 

Notch 

Depth 

Index 

Combined 

Notch 

Index 

S

F

1

1 

S

F

1

2 

W

P

R

K

N

1 

W

P

R

K

N

2 

9212530 2 1.49 8 2.77 5.72 0.19 0.48 0.34 5 5 1 1 

9212530 1 1.53 8.02 2.77 6.02 0.19 0.46 0.33 5 5 1 1 

9225592 2 2.16 7.39 2.45 5.6 0.29 0.44 0.36 5 5 0 1 

9225592 1 2.15 7.5 2.37 5.77 0.29 0.41 0.35 5 5 0 1 

9309170 2 1.39 7.55 3.1 6.13 0.18 0.51 0.34 4 5 0 2 

9309170 1 1.5 7.41 3 6.13 0.20 0.49 0.35 4 5 0 2 

9355648 2 2.12 8.61 2.85 6.31 0.25 0.45 0.35 5 5 0 2 

9355648 1 2.19 8.6 2.85 6.53 0.25 0.44 0.35 5 5 0 2 

9361974 2 2.04 7.91 2.77 6.64 0.26 0.42 0.34 5 5 0 1 

9361974 1 1.9 7.69 2.77 6.42 0.25 0.43 0.34 5 5 0 1 

9384158 2 1.64 7.85 2.52 5.98 0.21 0.42 0.32 4 5 1 1 

9384158 1 1.68 7.87 2.44 5.94 0.21 0.41 0.31 4 5 1 1 

9396242 2 1.94 8.52 2.95 6.86 0.23 0.43 0.33 4 4 1 1 

9396242 1 1.9 8.66 2.89 6.76 0.22 0.43 0.32 4 4 1 1 

9402960 2 2.08 9.26 2.81 6.89 0.22 0.41 0.32 5 5 0 0 

9402960 1 2.79 9.22 2.88 6.96 0.30 0.41 0.36 5 5 0 0 

9416381 2 1.82 8.06 2.74 6.38 0.23 0.43 0.33 3 3 1 2 

9416381 1 1.79 7.88 2.81 6.27 0.23 0.45 0.34 3 3 1 2 

9423008 2 1.75 9.16 3.14 6.97 0.19 0.45 0.32 5 5 0 0 

9423008 1 1.42 9.15 3.21 6.82 0.16 0.47 0.31 5 5 0 0 

9432102 2 2.66 9.89 2.81 7.16 0.27 0.39 0.33 4 5 1 1 

9432102 1 2.77 9.84 2.81 6.93 0.28 0.41 0.34 4 5 1 1 

9453626 2 1.94 8.82 3.1 6.27 0.22 0.49 0.36 3 3 1 0 

9453626 1 1.94 8.68 3.03 6.24 0.22 0.49 0.35 3 3 1 0 

9456233 2 1.03 7.51 2.34 5.65 0.14 0.41 0.28 5 5 1 3 

9456233 1 1.5 7.74 2.15 5.54 0.19 0.39 0.29 5 5 1 3 

9458868 2 2.01 7.86 3.14 6.35 0.26 0.49 0.38 3 4 1 2 

9458868 1 1.9 7.84 3.03 6.34 0.24 0.48 0.36 3 4 1 2 

9503434 2 1.94 7.95 3 6.6 0.24 0.45 0.35 4 5 0 0 

9503434 1 1.8 8.17 2.82 6.74 0.22 0.42 0.32 4 5 0 0 



160 

 

9528955 2 1.79 8.93 2.59 6.82 0.20 0.38 0.29 5 5 3 1 

9528955 1 1.87 8.87 2.63 6.64 0.21 0.40 0.30 5 5 3 1 

9532533 2 1.46 7.37 2.7 6.13 0.20 0.44 0.32 5 5 0 0 

9532533 1 1.55 7.55 2.57 6.01 0.21 0.43 0.32 5 5 0 0 

9537090 2 1.68 8.39 3.1 6.46 0.20 0.48 0.34 4 4 0 0 

9537090 1 1.6 8.22 3.05 6.64 0.19 0.46 0.33 4 4 0 0 

9560965 2 1.82 8.06 2.88 6.49 0.23 0.44 0.33 5 5 0 2 

9560965 1 1.71 7.99 2.81 6.46 0.21 0.43 0.32 5 5 0 2 

9562591 2 1.61 8.65 2.96 6.74 0.19 0.44 0.31 5 5 0 1 

9562591 1 1.8 8.7 2.67 6.6 0.21 0.40 0.31 5 5 0 1 

9569715 2 1.72 7.32 2.41 5.94 0.23 0.41 0.32 4 5 2 3 

9569715 1 1.64 7.26 2.37 5.95 0.23 0.40 0.31 4 5 2 3 

9590145 2 1.75 8.31 2.99 6.45 0.21 0.46 0.34 3 5 0 1 

9590145 1 1.68 8.23 3 6.52 0.20 0.46 0.33 3 5 0 1 

9590485 2 1.43 8.06 2.88 6.38 0.18 0.45 0.31 2 3 2 3 

9590485 1 1.29 7.94 2.96 6.52 0.16 0.45 0.31 2 3 2 3 

9637676 2 1.42 8.83 2.44 6.81 0.16 0.36 0.26 3 2 1 1 

9637676 1 1.39 8.93 2.6 7 0.16 0.37 0.26 3 2 1 1 

9640473 2 1.87 9.09 2.99 7.04 0.21 0.42 0.32 5 5 1 1 

9640473 1 1.82 9.11 2.99 6.89 0.20 0.43 0.32 5 5 1 1 

9646958 2 1.79 8.45 2.92 6.6 0.21 0.44 0.33 5 5 1 1 

9646958 1 1.68 8.57 2.92 6.71 0.20 0.44 0.32 5 5 1 1 

9651949 2 1.76 8.26 3 6.4 0.21 0.47 0.34 4 4 2 3 

9651949 1 1.86 8.27 2.88 6.48 0.22 0.44 0.33 4 4 2 3 

9659472 2 1.83 9.17 3.04 7.01 0.20 0.43 0.32 5 5 0 0 

9659472 1 1.93 9.2 3.14 7.19 0.21 0.44 0.32 5 5 0 0 

9659956 2 1.75 9.49 3.43 7.08 0.18 0.48 0.33 4 5 1 1 

9659956 1 1.75 9.42 3.32 7.01 0.19 0.47 0.33 4 5 1 1 

9660607 2 1.87 9.46 3.63 7.14 0.20 0.51 0.35 5 5 1 1 

9660607 1 1.91 9.52 3.41 7.23 0.20 0.47 0.34 5 5 1 1 

9664468 2 1.94 9.01 2.96 6.71 0.22 0.44 0.33 5 5 1 2 

9664468 1 1.86 9.28 2.95 6.82 0.20 0.43 0.32 5 5 1 2 

9669143 2 1.63 8.2 2.7 6.06 0.20 0.45 0.32 4 5 2 0 

9669143 1 1.5 8.24 2.81 6.27 0.18 0.45 0.32 4 5 2 0 

9676235 2 1.35 7.89 3.21 6.64 0.17 0.48 0.33 4 5 0 0 

9676235 1 1.35 7.91 3.24 6.78 0.17 0.48 0.32 4 5 0 0 

9680344 2 1.97 8.68 2.44 6.49 0.23 0.38 0.30 4 4 2 2 

9680344 1 2.01 8.61 2.52 6.43 0.23 0.39 0.31 4 4 2 2 

9682254 2 1.53 7.55 2.44 6.35 0.20 0.38 0.29 5 5 0 2 

9682254 1 1.53 7.66 2.48 6.5 0.20 0.38 0.29 5 5 0 2 
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9690658 2 1.82 8.39 2.92 6.38 0.22 0.46 0.34 5 5 2 3 

9690658 1 1.99 8.57 3.12 6.46 0.23 0.48 0.36 5 5 2 3 

9695430 2 2.12 9.15 3.21 7.18 0.23 0.45 0.34 4 5 0 1 

9695430 1 2.3 9.12 3.32 7.04 0.25 0.47 0.36 4 5 0 1 

9699340 2 1.8 9.06 3.12 6.89 0.20 0.45 0.33 5 5 0 1 

9699340 1 1.78 9.09 3.07 7.05 0.20 0.44 0.32 5 5 0 1 

9704858 2 1.97 8.79 2.96 7.37 0.22 0.40 0.31 4 5 1 1 

9704858 1 2.11 8.83 3.03 6.89 0.24 0.44 0.34 4 5 1 1 

9712471 2 1.86 8.86 2.99 7.04 0.21 0.42 0.32 4 5 1 1 

9712471 1 1.71 8.93 3.1 7.15 0.19 0.43 0.31 4 5 1 1 

9714996 2 1.86 8.69 3.03 6.78 0.21 0.45 0.33 4 5 0 0 

9714996 1 1.79 8.75 2.84 6.75 0.20 0.42 0.31 4 5 0 0 

9719999 2 1.82 9.01 3.17 6.89 0.20 0.46 0.33 5 5 0 1 

9719999 1 1.97 9.03 3.03 7.41 0.22 0.41 0.31 5 5 0 1 

9726778 2 1.97 8.93 2.82 6.71 0.22 0.42 0.32 5 5 0 1 

9726778 1 1.9 9.08 2.92 7.04 0.21 0.41 0.31 5 5 0 1 

9993650 2 1.97 7.91 2.63 5.76 0.25 0.46 0.35 5 5 0 0 

9993650 1 1.75 7.81 2.52 6.02 0.22 0.42 0.32 5 5 0 0 

9978026 2 1.86 9.01 3 6.79 0.21 0.44 0.32 5 5 1 2 

9978026 1 1.64 9.04 2.96 6.75 0.18 0.44 0.31 5 5 1 2 

9967728 2 1.57 7.22 2.19 5.76 0.22 0.38 0.30 4 2 4 3 

9967728 1 1.61 7.13 2.05 5.57 0.23 0.37 0.30 4 2 4 3 

9954040 2 1.93 8.6 2.77 6.64 0.22 0.42 0.32 4 5 0 0 

9954040 1 1.73 8.6 2.73 6.56 0.20 0.42 0.31 4 5 0 0 

9937239 2 2.04 8.14 2.48 6.42 0.25 0.39 0.32 3 4 1 1 

9937239 1 1.97 8.1 2.62 6.32 0.24 0.41 0.33 3 4 1 1 

9929102 2 1.9 8.9 2.99 7 0.21 0.43 0.32 4 4 1 1 

9929102 1 1.94 8.86 3.1 6.97 0.22 0.44 0.33 4 4 1 1 

9917307 2 1.9 7.9 3.47 6.43 0.24 0.54 0.39 4 5 1 2 
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Table 4. Intercondylar notch measures, calculated indices, and OAI outcome information for 

WPRKN3,WPRKN4, and WPRKN5. 

 

Patient 

ID 

Side Notch 

Width 

Condylar 

Width 

Notch 

Depth 

Condylar 

Depth 

Notch 

Width 

Index 

Notch 

Depth 

Index 

Combined 

Notch 

Index 

W

P

R

K

N

3 

W

P

R

K

N

4 

W

P

R

K

N

5 

9212530 2 1.49 8 2.77 5.72 0.19 0.48 0.34 0 1 1 

9212530 1 1.53 8.02 2.77 6.02 0.19 0.46 0.33 0 1 1 

9225592 2 2.16 7.39 2.45 5.6 0.29 0.44 0.36 0 0 0 

9225592 1 2.15 7.5 2.37 5.77 0.29 0.41 0.35 0 0 0 

9309170 2 1.39 7.55 3.1 6.13 0.18 0.51 0.34 0 0 0 

9309170 1 1.5 7.41 3 6.13 0.20 0.49 0.35 0 0 0 

9355257 2 1.42 7.8 2.84 6.36 0.18 0.45 0.31 0 0 0 

9355257 1 1.89 7.85 2.82 6.35 0.24 0.44 0.34 0 0 0 

9355648 2 2.12 8.61 2.85 6.31 0.25 0.45 0.35 0 0 0 

9355648 1 2.19 8.6 2.85 6.53 0.25 0.44 0.35 0 0 0 

9361974 2 2.04 7.91 2.77 6.64 0.26 0.42 0.34 0 0 0 

9361974 1 1.9 7.69 2.77 6.42 0.25 0.43 0.34 0 0 0 

9384158 2 1.64 7.85 2.52 5.98 0.21 0.42 0.32 0 0 0 

9384158 1 1.68 7.87 2.44 5.94 0.21 0.41 0.31 0 0 0 

9396242 2 1.94 8.52 2.95 6.86 0.23 0.43 0.33 0 0 1 

9396242 1 1.9 8.66 2.89 6.76 0.22 0.43 0.32 0 0 1 

9402960 2 2.08 9.26 2.81 6.89 0.22 0.41 0.32 0 0 0 

9402960 1 2.79 9.22 2.88 6.96 0.30 0.41 0.36 0 0 0 

9416381 2 1.82 8.06 2.74 6.38 0.23 0.43 0.33 0 1 1 

9416381 1 1.79 7.88 2.81 6.27 0.23 0.45 0.34 0 1 1 

9423008 2 1.75 9.16 3.14 6.97 0.19 0.45 0.32 2 2 2 

9423008 1 1.42 9.15 3.21 6.82 0.16 0.47 0.31 2 2 2 

9432102 2 2.66 9.89 2.81 7.16 0.27 0.39 0.33 0 0 1 

9432102 1 2.77 9.84 2.81 6.93 0.28 0.41 0.34 0 0 1 

9453626 2 1.94 8.82 3.1 6.27 0.22 0.49 0.36 0 0 0 

9453626 1 1.94 8.68 3.03 6.24 0.22 0.49 0.35 0 0 0 

9456233 2 1.03 7.51 2.34 5.65 0.14 0.41 0.28 0 0 2 

9456233 1 1.5 7.74 2.15 5.54 0.19 0.39 0.29 0 0 2 
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9458868 2 2.01 7.86 3.14 6.35 0.26 0.49 0.38 1 1 1 

9458868 1 1.9 7.84 3.03 6.34 0.24 0.48 0.36 1 1 1 

9503434 2 1.94 7.95 3 6.6 0.24 0.45 0.35 0 0 0 

9503434 1 1.8 8.17 2.82 6.74 0.22 0.42 0.32 0 0 0 

9528955 2 1.79 8.93 2.59 6.82 0.20 0.38 0.29 3 3 1 

9528955 1 1.87 8.87 2.63 6.64 0.21 0.40 0.30 3 3 1 

9532533 2 1.46 7.37 2.7 6.13 0.20 0.44 0.32 0 0 0 

9532533 1 1.55 7.55 2.57 6.01 0.21 0.43 0.32 0 0 0 

9537090 2 1.68 8.39 3.1 6.46 0.20 0.48 0.34 0 0 0 

9537090 1 1.6 8.22 3.05 6.64 0.19 0.46 0.33 0 0 0 

9560965 2 1.82 8.06 2.88 6.49 0.23 0.44 0.33 0 0 1 

9560965 1 1.71 7.99 2.81 6.46 0.21 0.43 0.32 0 0 1 

9562591 2 1.61 8.65 2.96 6.74 0.19 0.44 0.31 0 0 1 

9562591 1 1.8 8.7 2.67 6.6 0.21 0.40 0.31 0 0 1 

9569715 2 1.72 7.32 2.41 5.94 0.23 0.41 0.32 0 0 0 

9569715 1 1.64 7.26 2.37 5.95 0.23 0.40 0.31 0 0 0 

9590145 2 1.75 8.31 2.99 6.45 0.21 0.46 0.34 0 0 0 

9590145 1 1.68 8.23 3 6.52 0.20 0.46 0.33 0 0 0 

9590485 2 1.43 8.06 2.88 6.38 0.18 0.45 0.31 1 1 1 

9590485 1 1.29 7.94 2.96 6.52 0.16 0.45 0.31 1 1 1 

9637676 2 1.42 8.83 2.44 6.81 0.16 0.36 0.26 0 0 1 

9637676 1 1.39 8.93 2.6 7 0.16 0.37 0.26 0 0 1 

9640473 2 1.87 9.09 2.99 7.04 0.21 0.42 0.32 3 3 0 

9640473 1 1.82 9.11 2.99 6.89 0.20 0.43 0.32 3 3 0 

9646958 2 1.79 8.45 2.92 6.6 0.21 0.44 0.33 1 1 1 

9646958 1 1.68 8.57 2.92 6.71 0.20 0.44 0.32 1 1 1 

9651949 2 1.76 8.26 3 6.4 0.21 0.47 0.34 0 0 2 

9651949 1 1.86 8.27 2.88 6.48 0.22 0.44 0.33 0 0 2 

9659472 2 1.83 9.17 3.04 7.01 0.20 0.43 0.32 0 0 0 

9659472 1 1.93 9.2 3.14 7.19 0.21 0.44 0.32 0 0 0 

9659956 2 1.75 9.49 3.43 7.08 0.18 0.48 0.33 0 0 1 

9659956 1 1.75 9.42 3.32 7.01 0.19 0.47 0.33 0 0 1 

9660607 2 1.87 9.46 3.63 7.14 0.20 0.51 0.35 0 1 1 

9660607 1 1.91 9.52 3.41 7.23 0.20 0.47 0.34 0 1 1 

9664468 2 1.94 9.01 2.96 6.71 0.22 0.44 0.33 1 2 1 

9664468 1 1.86 9.28 2.95 6.82 0.20 0.43 0.32 1 2 1 

9669143 2 1.63 8.2 2.7 6.06 0.20 0.45 0.32 2 2 2 

9669143 1 1.5 8.24 2.81 6.27 0.18 0.45 0.32 2 2 2 

9676235 2 1.35 7.89 3.21 6.64 0.17 0.48 0.33 0 0 0 

9676235 1 1.35 7.91 3.24 6.78 0.17 0.48 0.32 0 0 0 
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9680344 2 1.97 8.68 2.44 6.49 0.23 0.38 0.30 1 2 1 

9680344 1 2.01 8.61 2.52 6.43 0.23 0.39 0.31 1 2 1 

9682254 2 1.53 7.55 2.44 6.35 0.20 0.38 0.29 2 2 0 

9682254 1 1.53 7.66 2.48 6.5 0.20 0.38 0.29 2 2 0 

9690658 2 1.82 8.39 2.92 6.38 0.22 0.46 0.34 0 0 0 

9690658 1 1.99 8.57 3.12 6.46 0.23 0.48 0.36 0 0 0 

9695430 2 2.12 9.15 3.21 7.18 0.23 0.45 0.34 0 0 0 

9695430 1 2.3 9.12 3.32 7.04 0.25 0.47 0.36 0 0 0 

9699340 2 1.8 9.06 3.12 6.89 0.20 0.45 0.33 0 0 0 

9699340 1 1.78 9.09 3.07 7.05 0.20 0.44 0.32 0 0 0 

9704858 2 1.97 8.79 2.96 7.37 0.22 0.40 0.31 1 1 2 

9704858 1 2.11 8.83 3.03 6.89 0.24 0.44 0.34 1 1 2 

9712471 2 1.86 8.86 2.99 7.04 0.21 0.42 0.32 1 1 1 

9712471 1 1.71 8.93 3.1 7.15 0.19 0.43 0.31 1 1 1 

9714996 2 1.86 8.69 3.03 6.78 0.21 0.45 0.33 0 0 0 

9714996 1 1.79 8.75 2.84 6.75 0.20 0.42 0.31 0 0 0 

9719999 2 1.82 9.01 3.17 6.89 0.20 0.46 0.33 0 0 0 

9719999 1 1.97 9.03 3.03 7.41 0.22 0.41 0.31 0 0 0 

9726778 2 1.97 8.93 2.82 6.71 0.22 0.42 0.32 0 0 0 

9726778 1 1.9 9.08 2.92 7.04 0.21 0.41 0.31 0 0 0 

9993650 2 1.97 7.91 2.63 5.76 0.25 0.46 0.35 0 0 0 

9993650 1 1.75 7.81 2.52 6.02 0.22 0.42 0.32 0 0 0 

9978026 2 1.86 9.01 3 6.79 0.21 0.44 0.32 1 1 1 

9978026 1 1.64 9.04 2.96 6.75 0.18 0.44 0.31 1 1 1 

9967728 2 1.57 7.22 2.19 5.76 0.22 0.38 0.30 0 0 1 

9967728 1 1.61 7.13 2.05 5.57 0.23 0.37 0.30 0 0 1 

9954040 2 1.93 8.6 2.77 6.64 0.22 0.42 0.32 0 0 0 

9954040 1 1.73 8.6 2.73 6.56 0.20 0.42 0.31 0 0 0 

9937239 2 2.04 8.14 2.48 6.42 0.25 0.39 0.32 1 0 1 

9937239 1 1.97 8.1 2.62 6.32 0.24 0.41 0.33 1 0 1 

9929102 2 1.9 8.9 2.99 7 0.21 0.43 0.32 0 1 1 

9929102 1 1.94 8.86 3.1 6.97 0.22 0.44 0.33 0 1 1 
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Table 5. Intercondylar notch measures, calculated indices, and OAI outcome information for 

KPRKN1,KPRKN2, and KPRKN3. 

 

Patient 

ID 

Side Notch 

Width 

Condylar 

Width 

Notch 

Depth 

Condylar 

Depth 

Notch 

Width 

Index 

Notch 

Depth 

Index 

Combined 

Notch 

Index 

K

P

R

K

N

1 

K

P

R

K

N

2 

K

P

R

K

N

3 

9212530 2 1.49 8 2.77 5.72 0.19 0.48 0.34 0 1 1 

9212530 1 1.53 8.02 2.77 6.02 0.19 0.46 0.33 0 1 1 

9225592 2 2.16 7.39 2.45 5.6 0.29 0.44 0.36 0 0 0 

9225592 1 2.15 7.5 2.37 5.77 0.29 0.41 0.35 0 0 0 

9309170 2 1.39 7.55 3.1 6.13 0.18 0.51 0.34 1 1 1 

9309170 1 1.5 7.41 3 6.13 0.20 0.49 0.35 1 1 1 

9355257 2 1.42 7.8 2.84 6.36 0.18 0.45 0.31 0 0 0 

9355257 1 1.89 7.85 2.82 6.35 0.24 0.44 0.34 0 0 0 

9355648 2 2.12 8.61 2.85 6.31 0.25 0.45 0.35 0 0 1 

9355648 1 2.19 8.6 2.85 6.53 0.25 0.44 0.35 0 0 1 

9361974 2 2.04 7.91 2.77 6.64 0.26 0.42 0.34 0 0 0 

9361974 1 1.9 7.69 2.77 6.42 0.25 0.43 0.34 0 0 0 

9396242 2 1.94 8.52 2.95 6.86 0.23 0.43 0.33 1 0 1 

9396242 1 1.9 8.66 2.89 6.76 0.22 0.43 0.32 1 0 1 

9402960 2 2.08 9.26 2.81 6.89 0.22 0.41 0.32 0 0 0 

9402960 1 2.79 9.22 2.88 6.96 0.30 0.41 0.36 0 0 0 

9416381 2 1.82 8.06 2.74 6.38 0.23 0.43 0.33 2 0 1 

9416381 1 1.79 7.88 2.81 6.27 0.23 0.45 0.34 2 0 1 

9423008 2 1.75 9.16 3.14 6.97 0.19 0.45 0.32 3 0 0 

9423008 1 1.42 9.15 3.21 6.82 0.16 0.47 0.31 3 0 0 

9453626 2 1.94 8.82 3.1 6.27 0.22 0.49 0.36 0 0 1 

9453626 1 1.94 8.68 3.03 6.24 0.22 0.49 0.35 0 0 1 

9456233 2 1.03 7.51 2.34 5.65 0.14 0.41 0.28 2 2 2 

9456233 1 1.5 7.74 2.15 5.54 0.19 0.39 0.29 2 2 2 

9503434 2 1.94 7.95 3 6.6 0.24 0.45 0.35 0 0 0 

9503434 1 1.8 8.17 2.82 6.74 0.22 0.42 0.32 0 0 0 

9528955 2 1.79 8.93 2.59 6.82 0.20 0.38 0.29 0 0 0 

9528955 1 1.87 8.87 2.63 6.64 0.21 0.40 0.30 0 0 0 

9532533 2 1.46 7.37 2.7 6.13 0.20 0.44 0.32 0 0 0 

9532533 1 1.55 7.55 2.57 6.01 0.21 0.43 0.32 0 0 0 
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9537090 2 1.68 8.39 3.1 6.46 0.20 0.48 0.34 0 0 0 

9537090 1 1.6 8.22 3.05 6.64 0.19 0.46 0.33 0 0 0 

9560965 2 1.82 8.06 2.88 6.49 0.23 0.44 0.33 1 0 3 

9560965 1 1.71 7.99 2.81 6.46 0.21 0.43 0.32 1 0 3 

9562591 2 1.61 8.65 2.96 6.74 0.19 0.44 0.31 1 0 1 

9562591 1 1.8 8.7 2.67 6.6 0.21 0.40 0.31 1 0 1 

9569715 2 1.72 7.32 2.41 5.94 0.23 0.41 0.32 1 3 2 

9569715 1 1.64 7.26 2.37 5.95 0.23 0.40 0.31 1 3 2 

9590145 2 1.75 8.31 2.99 6.45 0.21 0.46 0.34 0 0 0 

9590145 1 1.68 8.23 3 6.52 0.20 0.46 0.33 0 0 0 

9590485 2 1.43 8.06 2.88 6.38 0.18 0.45 0.31 2 1 2 

9590485 1 1.29 7.94 2.96 6.52 0.16 0.45 0.31 2 1 2 

9637676 2 1.42 8.83 2.44 6.81 0.16 0.36 0.26 1 1 0 

9637676 1 1.39 8.93 2.6 7 0.16 0.37 0.26 1 1 0 

9640473 2 1.87 9.09 2.99 7.04 0.21 0.42 0.32 0 0 0 

9640473 1 1.82 9.11 2.99 6.89 0.20 0.43 0.32 0 0 0 

9659472 2 1.83 9.17 3.04 7.01 0.20 0.43 0.32 0 0 0 

9659472 1 1.93 9.2 3.14 7.19 0.21 0.44 0.32 0 0 0 

9659956 2 1.75 9.49 3.43 7.08 0.18 0.48 0.33 1 1 1 

9659956 1 1.75 9.42 3.32 7.01 0.19 0.47 0.33 1 1 1 

9660607 2 1.87 9.46 3.63 7.14 0.20 0.51 0.35 2 1 3 

9660607 1 1.91 9.52 3.41 7.23 0.20 0.47 0.34 2 1 3 

9664468 2 1.94 9.01 2.96 6.71 0.22 0.44 0.33 2 1 1 

9664468 1 1.86 9.28 2.95 6.82 0.20 0.43 0.32 2 1 1 

9669143 2 1.63 8.2 2.7 6.06 0.20 0.45 0.32 1 1 1 

9669143 1 1.5 8.24 2.81 6.27 0.18 0.45 0.32 1 1 1 

9676235 2 1.35 7.89 3.21 6.64 0.17 0.48 0.33 0 0 0 

9676235 1 1.35 7.91 3.24 6.78 0.17 0.48 0.32 0 0 0 

9682254 2 1.53 7.55 2.44 6.35 0.20 0.38 0.29 2 2 1 

9682254 1 1.53 7.66 2.48 6.5 0.20 0.38 0.29 2 2 1 

9690658 2 1.82 8.39 2.92 6.38 0.22 0.46 0.34 4 2 2 

9690658 1 1.99 8.57 3.12 6.46 0.23 0.48 0.36 4 2 2 

9695430 2 2.12 9.15 3.21 7.18 0.23 0.45 0.34 1 0 0 

9695430 1 2.3 9.12 3.32 7.04 0.25 0.47 0.36 1 0 0 

9699340 2 1.8 9.06 3.12 6.89 0.20 0.45 0.33 0 0 0 

9699340 1 1.78 9.09 3.07 7.05 0.20 0.44 0.32 0 0 0 

9704858 2 1.97 8.79 2.96 7.37 0.22 0.40 0.31 1 1 2 

9704858 1 2.11 8.83 3.03 6.89 0.24 0.44 0.34 1 1 2 

9712471 2 1.86 8.86 2.99 7.04 0.21 0.42 0.32 1 0 1 

9712471 1 1.71 8.93 3.1 7.15 0.19 0.43 0.31 1 0 1 
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9714996 2 1.86 8.69 3.03 6.78 0.21 0.45 0.33 0 0 0 

9714996 1 1.79 8.75 2.84 6.75 0.20 0.42 0.31 0 0 0 

9719999 2 1.82 9.01 3.17 6.89 0.20 0.46 0.33 0 0 0 

9719999 1 1.97 9.03 3.03 7.41 0.22 0.41 0.31 0 0 0 

9726778 2 1.97 8.93 2.82 6.71 0.22 0.42 0.32 1 0 0 

9726778 1 1.9 9.08 2.92 7.04 0.21 0.41 0.31 1 0 0 

9978026 2 1.86 9.01 3 6.79 0.21 0.44 0.32 2 1 2 

9978026 1 1.64 9.04 2.96 6.75 0.18 0.44 0.31 2 1 2 

9967728 2 1.57 7.22 2.19 5.76 0.22 0.38 0.30 3 0 1 

9967728 1 1.61 7.13 2.05 5.57 0.23 0.37 0.30 3 0 1 

9954040 2 1.93 8.6 2.77 6.64 0.22 0.42 0.32 0 1 1 

9954040 1 1.73 8.6 2.73 6.56 0.20 0.42 0.31 0 1 1 

9937239 2 2.04 8.14 2.48 6.42 0.25 0.39 0.32 1 0 0 

9937239 1 1.97 8.1 2.62 6.32 0.24 0.41 0.33 1 0 0 

9929102 2 1.9 8.9 2.99 7 0.21 0.43 0.32 3 3 3 

9929102 1 1.94 8.86 3.1 6.97 0.22 0.44 0.33 3 3 3 

9917307 2 1.9 7.9 3.47 6.43 0.24 0.54 0.39 2 2 2 

9917307 1 2.01 7.92 3.25 6.54 0.25 0.50 0.38 2 2 2 

9996865 1 1.4 7.46 2.69 5.63 0.19 0.48 0.33 0 0 0 

9907909 2 2.23 9.84 3.84 7.56 0.23 0.51 0.37 0 0 1 

9907909 1 2.04 9.82 3.77 7.62 0.21 0.49 0.35 0 0 1 

9905863 2 1.79 9.88 3.43 7.12 0.18 0.48 0.33 0 0 1 

9905863 1 1.75 9.59 3.47 7.26 0.18 0.48 0.33 0 0 1 

9883715 2 1.86 5.11 2.67 6.27 0.36 0.43 0.39 1 0 0 

9883715 1 1.86 8.03 2.63 6.27 0.23 0.42 0.33 1 0 0 

9870569 2 1.66 7.54 2.44 5.92 0.22 0.41 0.32 0 0 0 

9870569 1 1.59 7.61 2.37 6.07 0.21 0.39 0.30 0 0 0 

9857555 2 2.19 8.06 2.66 6.13 0.27 0.43 0.35 1 1 2 

9857555 1 2.15 7.99 2.77 6.05 0.27 0.46 0.36 1 1 2 
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Table 6. Intercondylar notch measures, calculated indices, and OAI outcome information for 

DIRKN1, DIRKN2, DIRKN3, and DIRKN4. 

 

Patient 

ID 

Side Notch 

Width 

Condylar 

Width 

Notch 

Depth 

Condylar 

Depth 

Notch 

Width 

Index 

Notch 

Depth 

Index 

Combined 

Notch 

Index 

D

I

R

K

N

1 

D

I

R

K

N

2 

D

I

R

K

N

3 

D

I

R

K

N

4 

9212530 2 1.49 8 2.77 5.72 0.19 0.48 0.34 0 0 1 0 

9212530 1 1.53 8.02 2.77 6.02 0.19 0.46 0.33 0 0 1 0 

9225592 2 2.16 7.39 2.45 5.6 0.29 0.44 0.36 1 0 0 0 

9225592 1 2.15 7.5 2.37 5.77 0.29 0.41 0.35 1 0 0 0 

9309170 2 1.39 7.55 3.1 6.13 0.18 0.51 0.34 1 1 1 0 

9309170 1 1.5 7.41 3 6.13 0.20 0.49 0.35 1 1 1 0 

9355648 2 2.12 8.61 2.85 6.31 0.25 0.45 0.35 1 1 2 0 

9355648 1 2.19 8.6 2.85 6.53 0.25 0.44 0.35 1 1 2 0 

9361974 2 2.04 7.91 2.77 6.64 0.26 0.42 0.34 1 1 1 0 

9361974 1 1.9 7.69 2.77 6.42 0.25 0.43 0.34 1 1 1 0 

9384158 2 1.64 7.85 2.52 5.98 0.21 0.42 0.32 1 0 1 0 

9384158 1 1.68 7.87 2.44 5.94 0.21 0.41 0.31 1 0 1 0 

9396242 2 1.94 8.52 2.95 6.86 0.23 0.43 0.33 1 1 2 1 

9396242 1 1.9 8.66 2.89 6.76 0.22 0.43 0.32 1 1 2 1 

9402960 2 2.08 9.26 2.81 6.89 0.22 0.41 0.32 0 0 0 0 

9402960 1 2.79 9.22 2.88 6.96 0.30 0.41 0.36 0 0 0 0 

9416381 2 1.82 8.06 2.74 6.38 0.23 0.43 0.33 1 2 2 1 

9416381 1 1.79 7.88 2.81 6.27 0.23 0.45 0.34 1 2 2 1 

9423008 2 1.75 9.16 3.14 6.97 0.19 0.45 0.32 0 0 1 1 

9423008 1 1.42 9.15 3.21 6.82 0.16 0.47 0.31 0 0 1 1 

9432102 2 2.66 9.89 2.81 7.16 0.27 0.39 0.33 0 1 1 0 

9432102 1 2.77 9.84 2.81 6.93 0.28 0.41 0.34 0 1 1 0 

9453626 2 1.94 8.82 3.1 6.27 0.22 0.49 0.36 0 0 0 0 

9453626 1 1.94 8.68 3.03 6.24 0.22 0.49 0.35 0 0 0 0 

9456233 2 1.03 7.51 2.34 5.65 0.14 0.41 0.28 3 1 2 1 

9456233 1 1.5 7.74 2.15 5.54 0.19 0.39 0.29 3 1 2 1 

9458868 2 2.01 7.86 3.14 6.35 0.26 0.49 0.38 2 2 2 1 

9458868 1 1.9 7.84 3.03 6.34 0.24 0.48 0.36 2 2 2 1 

9503434 2 1.94 7.95 3 6.6 0.24 0.45 0.35 0 0 0 0 

9503434 1 1.8 8.17 2.82 6.74 0.22 0.42 0.32 0 0 0 0 
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9528955 2 1.79 8.93 2.59 6.82 0.20 0.38 0.29 0 0 2 0 

9528955 1 1.87 8.87 2.63 6.64 0.21 0.40 0.30 0 0 2 0 

9532533 2 1.46 7.37 2.7 6.13 0.20 0.44 0.32 0 0 0 0 

9532533 1 1.55 7.55 2.57 6.01 0.21 0.43 0.32 0 0 0 0 

9537090 2 1.68 8.39 3.1 6.46 0.20 0.48 0.34 0 0 0 0 

9537090 1 1.6 8.22 3.05 6.64 0.19 0.46 0.33 0 0 0 0 

9560965 2 1.82 8.06 2.88 6.49 0.23 0.44 0.33 2 2 2 1 

9560965 1 1.71 7.99 2.81 6.46 0.21 0.43 0.32 2 2 2 1 

9562591 2 1.61 8.65 2.96 6.74 0.19 0.44 0.31 0 1 0 1 

9562591 1 1.8 8.7 2.67 6.6 0.21 0.40 0.31 0 1 0 1 

9569715 2 1.72 7.32 2.41 5.94 0.23 0.41 0.32 2 1 3 1 

9569715 1 1.64 7.26 2.37 5.95 0.23 0.40 0.31 2 1 3 1 

9590145 2 1.75 8.31 2.99 6.45 0.21 0.46 0.34 0 0 0 0 

9590145 1 1.68 8.23 3 6.52 0.20 0.46 0.33 0 0 0 0 

9590485 2 1.43 8.06 2.88 6.38 0.18 0.45 0.31 2 1 1 1 

9590485 1 1.29 7.94 2.96 6.52 0.16 0.45 0.31 2 1 1 1 

9637676 2 1.42 8.83 2.44 6.81 0.16 0.36 0.26 1 1 2 0 

9637676 1 1.39 8.93 2.6 7 0.16 0.37 0.26 1 1 2 0 

9640473 2 1.87 9.09 2.99 7.04 0.21 0.42 0.32 0 1 0 0 

9640473 1 1.82 9.11 2.99 6.89 0.20 0.43 0.32 0 1 0 0 

9646958 2 1.79 8.45 2.92 6.6 0.21 0.44 0.33 1 1 0 0 

9646958 1 1.68 8.57 2.92 6.71 0.20 0.44 0.32 1 1 0 0 

9651949 2 1.76 8.26 3 6.4 0.21 0.47 0.34 2 2 1 1 

9651949 1 1.86 8.27 2.88 6.48 0.22 0.44 0.33 2 2 1 1 

9659472 2 1.83 9.17 3.04 7.01 0.20 0.43 0.32 0 0 0 0 

9659472 1 1.93 9.2 3.14 7.19 0.21 0.44 0.32 0 0 0 0 

9659956 2 1.75 9.49 3.43 7.08 0.18 0.48 0.33 1 1 1 0 

9659956 1 1.75 9.42 3.32 7.01 0.19 0.47 0.33 1 1 1 0 

9660607 2 1.87 9.46 3.63 7.14 0.20 0.51 0.35 1 1 1 1 

9660607 1 1.91 9.52 3.41 7.23 0.20 0.47 0.34 1 1 1 1 

9664468 2 1.94 9.01 2.96 6.71 0.22 0.44 0.33 1 2 1 1 

9664468 1 1.86 9.28 2.95 6.82 0.20 0.43 0.32 1 2 1 1 

9669143 2 1.63 8.2 2.7 6.06 0.20 0.45 0.32 0 1 1 2 

9669143 1 1.5 8.24 2.81 6.27 0.18 0.45 0.32 0 1 1 2 

9676235 2 1.35 7.89 3.21 6.64 0.17 0.48 0.33 0 0 0 0 

9676235 1 1.35 7.91 3.24 6.78 0.17 0.48 0.32 0 0 0 0 

9680344 2 1.97 8.68 2.44 6.49 0.23 0.38 0.30 2 2 1 1 

9680344 1 2.01 8.61 2.52 6.43 0.23 0.39 0.31 2 2 1 1 

9682254 2 1.53 7.55 2.44 6.35 0.20 0.38 0.29 0 1 1 0 

9682254 1 1.53 7.66 2.48 6.5 0.20 0.38 0.29 0 1 1 0 
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9690658 2 1.82 8.39 2.92 6.38 0.22 0.46 0.34 3 3 1 0 

9690658 1 1.99 8.57 3.12 6.46 0.23 0.48 0.36 3 3 1 0 

9695430 2 2.12 9.15 3.21 7.18 0.23 0.45 0.34 1 1 1 0 

9695430 1 2.3 9.12 3.32 7.04 0.25 0.47 0.36 1 1 1 0 

9699340 2 1.8 9.06 3.12 6.89 0.20 0.45 0.33 1 0 1 0 

9699340 1 1.78 9.09 3.07 7.05 0.20 0.44 0.32 1 0 1 0 

9704858 2 1.97 8.79 2.96 7.37 0.22 0.40 0.31 0 0 0 0 

9704858 1 2.11 8.83 3.03 6.89 0.24 0.44 0.34 0 0 0 0 

9712471 2 1.86 8.86 2.99 7.04 0.21 0.42 0.32 0 0 1 0 

9712471 1 1.71 8.93 3.1 7.15 0.19 0.43 0.31 0 0 1 0 

9714996 2 1.86 8.69 3.03 6.78 0.21 0.45 0.33 1 0 0 0 

9714996 1 1.79 8.75 2.84 6.75 0.20 0.42 0.31 1 0 0 0 

9719999 2 1.82 9.01 3.17 6.89 0.20 0.46 0.33 0 0 0 0 

9719999 1 1.97 9.03 3.03 7.41 0.22 0.41 0.31 0 0 0 0 

9726778 2 1.97 8.93 2.82 6.71 0.22 0.42 0.32 1 2 1 0 

9726778 1 1.9 9.08 2.92 7.04 0.21 0.41 0.31 1 2 1 0 

9993650 2 1.97 7.91 2.63 5.76 0.25 0.46 0.35 0 0 0 0 

9993650 1 1.75 7.81 2.52 6.02 0.22 0.42 0.32 0 0 0 0 

9978026 2 1.86 9.01 3 6.79 0.21 0.44 0.32 0 0 0 0 

9978026 1 1.64 9.04 2.96 6.75 0.18 0.44 0.31 0 0 0 0 

9967728 2 1.57 7.22 2.19 5.76 0.22 0.38 0.30 3 1 1 0 

9967728 1 1.61 7.13 2.05 5.57 0.23 0.37 0.30 3 1 1 0 

9954040 2 1.93 8.6 2.77 6.64 0.22 0.42 0.32 2 2 2 0 

9954040 1 1.73 8.6 2.73 6.56 0.20 0.42 0.31 2 2 2 0 

9937239 2 2.04 8.14 2.48 6.42 0.25 0.39 0.32 1 1 1 1 

9937239 1 1.97 8.1 2.62 6.32 0.24 0.41 0.33 1 1 1 1 

9929102 2 1.9 8.9 2.99 7 0.21 0.43 0.32 0 0 1 0 

9929102 1 1.94 8.86 3.1 6.97 0.22 0.44 0.33 0 0 1 0 

9917307 2 1.9 7.9 3.47 6.43 0.24 0.54 0.39 2 1 1 1 
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Table 7. Intercondylar notch measures, calculated indices, and OAI outcome information for 

DIRKN5, DIRKN6, DIRKN7, and DIRKN8. 

 

Patient 

ID 

Side Notch 

Width 

Condylar 

Width 

Notch 

Depth 

Condylar 

Depth 

Notch 

Width 

Index 

Notch 

Depth 

Index 

Combined 

Notch 

Index 

D

I

R

K

N

5 

D

I

R

K

N

6 

D

I

R

K

N

7 

D

I

R

K

N

8 

9212530 2 1.49 8 2.77 5.72 0.19 0.48 0.34 0 0 1 0 

9212530 1 1.53 8.02 2.77 6.02 0.19 0.46 0.33 0 0 1 0 

9225592 2 2.16 7.39 2.45 5.6 0.29 0.44 0.36 0 0 0 0 

9225592 1 2.15 7.5 2.37 5.77 0.29 0.41 0.35 0 0 0 0 

9309170 2 1.39 7.55 3.1 6.13 0.18 0.51 0.34 2 0 1 0 

9309170 1 1.5 7.41 3 6.13 0.20 0.49 0.35 2 0 1 0 

9355257 2 1.42 7.8 2.84 6.36 0.18 0.45 0.31 1 0 1 0 

9355257 1 1.89 7.85 2.82 6.35 0.24 0.44 0.34 1 0 1 0 

9355648 2 2.12 8.61 2.85 6.31 0.25 0.45 0.35 2 0 2 0 

9355648 1 2.19 8.6 2.85 6.53 0.25 0.44 0.35 2 0 2 0 

9361974 2 2.04 7.91 2.77 6.64 0.26 0.42 0.34 1 0 0 0 

9361974 1 1.9 7.69 2.77 6.42 0.25 0.43 0.34 1 0 0 0 

9384158 2 1.64 7.85 2.52 5.98 0.21 0.42 0.32 2 0 1 0 

9384158 1 1.68 7.87 2.44 5.94 0.21 0.41 0.31 2 0 1 0 

9396242 2 1.94 8.52 2.95 6.86 0.23 0.43 0.33 0 0 0 0 

9396242 1 1.9 8.66 2.89 6.76 0.22 0.43 0.32 0 0 0 0 

9402960 2 2.08 9.26 2.81 6.89 0.22 0.41 0.32 0 0 0 0 

9402960 1 2.79 9.22 2.88 6.96 0.30 0.41 0.36 0 0 0 0 

9416381 2 1.82 8.06 2.74 6.38 0.23 0.43 0.33 2 1 1 1 

9416381 1 1.79 7.88 2.81 6.27 0.23 0.45 0.34 2 1 1 1 

9423008 2 1.75 9.16 3.14 6.97 0.19 0.45 0.32 0 0 1 0 

9423008 1 1.42 9.15 3.21 6.82 0.16 0.47 0.31 0 0 1 0 

9432102 2 2.66 9.89 2.81 7.16 0.27 0.39 0.33 1 1 1 1 

9432102 1 2.77 9.84 2.81 6.93 0.28 0.41 0.34 1 1 1 1 

9453626 2 1.94 8.82 3.1 6.27 0.22 0.49 0.36 0 1 0 0 

9453626 1 1.94 8.68 3.03 6.24 0.22 0.49 0.35 0 1 0 0 

9456233 2 1.03 7.51 2.34 5.65 0.14 0.41 0.28 2 1 2 1 

9456233 1 1.5 7.74 2.15 5.54 0.19 0.39 0.29 2 1 2 1 

9458868 2 2.01 7.86 3.14 6.35 0.26 0.49 0.38 2 1 1 2 

9458868 1 1.9 7.84 3.03 6.34 0.24 0.48 0.36 2 1 1 2 
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9503434 2 1.94 7.95 3 6.6 0.24 0.45 0.35 0 0 0 0 

9503434 1 1.8 8.17 2.82 6.74 0.22 0.42 0.32 0 0 0 0 

9528955 2 1.79 8.93 2.59 6.82 0.20 0.38 0.29 0 2 3 2 

9528955 1 1.87 8.87 2.63 6.64 0.21 0.40 0.30 0 2 3 2 

9532533 2 1.46 7.37 2.7 6.13 0.20 0.44 0.32 0 0 0 0 

9532533 1 1.55 7.55 2.57 6.01 0.21 0.43 0.32 0 0 0 0 

9537090 2 1.68 8.39 3.1 6.46 0.20 0.48 0.34 0 0 0 0 

9537090 1 1.6 8.22 3.05 6.64 0.19 0.46 0.33 0 0 0 0 

9560965 2 1.82 8.06 2.88 6.49 0.23 0.44 0.33 3 0 2 1 

9560965 1 1.71 7.99 2.81 6.46 0.21 0.43 0.32 3 0 2 1 

9562591 2 1.61 8.65 2.96 6.74 0.19 0.44 0.31 1 0 0 1 

9562591 1 1.8 8.7 2.67 6.6 0.21 0.40 0.31 1 0 0 1 

9569715 2 1.72 7.32 2.41 5.94 0.23 0.41 0.32 2 2 2 2 

9569715 1 1.64 7.26 2.37 5.95 0.23 0.40 0.31 2 2 2 2 

9590145 2 1.75 8.31 2.99 6.45 0.21 0.46 0.34 0 0 0 0 

9590145 1 1.68 8.23 3 6.52 0.20 0.46 0.33 0 0 0 0 

9590485 2 1.43 8.06 2.88 6.38 0.18 0.45 0.31 2 1 2 2 

9590485 1 1.29 7.94 2.96 6.52 0.16 0.45 0.31 2 1 2 2 

9637676 2 1.42 8.83 2.44 6.81 0.16 0.36 0.26 2 0 1 2 

9637676 1 1.39 8.93 2.6 7 0.16 0.37 0.26 2 0 1 2 

9640473 2 1.87 9.09 2.99 7.04 0.21 0.42 0.32 0 0 1 2 

9640473 1 1.82 9.11 2.99 6.89 0.20 0.43 0.32 0 0 1 2 

9646958 2 1.79 8.45 2.92 6.6 0.21 0.44 0.33 1 0 1 0 

9646958 1 1.68 8.57 2.92 6.71 0.20 0.44 0.32 1 0 1 0 

9651949 2 1.76 8.26 3 6.4 0.21 0.47 0.34 2 2 2 2 

9651949 1 1.86 8.27 2.88 6.48 0.22 0.44 0.33 2 2 2 2 

9659472 2 1.83 9.17 3.04 7.01 0.20 0.43 0.32 0 0 0 0 

9659472 1 1.93 9.2 3.14 7.19 0.21 0.44 0.32 0 0 0 0 

9659956 2 1.75 9.49 3.43 7.08 0.18 0.48 0.33 1 1 1 1 

9659956 1 1.75 9.42 3.32 7.01 0.19 0.47 0.33 1 1 1 1 

9660607 2 1.87 9.46 3.63 7.14 0.20 0.51 0.35 3 1 2 1 

9660607 1 1.91 9.52 3.41 7.23 0.20 0.47 0.34 3 1 2 1 

9664468 2 1.94 9.01 2.96 6.71 0.22 0.44 0.33 2 1 2 1 

9664468 1 1.86 9.28 2.95 6.82 0.20 0.43 0.32 2 1 2 1 

9669143 2 1.63 8.2 2.7 6.06 0.20 0.45 0.32 1 2 1 1 

9669143 1 1.5 8.24 2.81 6.27 0.18 0.45 0.32 1 2 1 1 

9676235 2 1.35 7.89 3.21 6.64 0.17 0.48 0.33 0 0 0 0 

9676235 1 1.35 7.91 3.24 6.78 0.17 0.48 0.32 0 0 0 0 

9680344 2 1.97 8.68 2.44 6.49 0.23 0.38 0.30 0 2 2 2 

9680344 1 2.01 8.61 2.52 6.43 0.23 0.39 0.31 0 2 2 2 
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9682254 2 1.53 7.55 2.44 6.35 0.20 0.38 0.29 1 0 1 0 

9682254 1 1.53 7.66 2.48 6.5 0.20 0.38 0.29 1 0 1 0 

9690658 2 1.82 8.39 2.92 6.38 0.22 0.46 0.34 1 2 3 3 

9690658 1 1.99 8.57 3.12 6.46 0.23 0.48 0.36 1 2 3 3 

9695430 2 2.12 9.15 3.21 7.18 0.23 0.45 0.34 1 0 1 0 

9695430 1 2.3 9.12 3.32 7.04 0.25 0.47 0.36 1 0 1 0 

9699340 2 1.8 9.06 3.12 6.89 0.20 0.45 0.33 0 0 0 0 

9699340 1 1.78 9.09 3.07 7.05 0.20 0.44 0.32 0 0 0 0 

9704858 2 1.97 8.79 2.96 7.37 0.22 0.40 0.31 0 0 0 0 

9704858 1 2.11 8.83 3.03 6.89 0.24 0.44 0.34 0 0 0 0 

9712471 2 1.86 8.86 2.99 7.04 0.21 0.42 0.32 1 0 1 1 

9712471 1 1.71 8.93 3.1 7.15 0.19 0.43 0.31 1 0 1 1 

9714996 2 1.86 8.69 3.03 6.78 0.21 0.45 0.33 0 0 0 0 

9714996 1 1.79 8.75 2.84 6.75 0.20 0.42 0.31 0 0 0 0 

9719999 2 1.82 9.01 3.17 6.89 0.20 0.46 0.33 0 0 0 0 

9719999 1 1.97 9.03 3.03 7.41 0.22 0.41 0.31 0 0 0 0 

9726778 2 1.97 8.93 2.82 6.71 0.22 0.42 0.32 2 1 1 1 

9726778 1 1.9 9.08 2.92 7.04 0.21 0.41 0.31 2 1 1 1 

9993650 2 1.97 7.91 2.63 5.76 0.25 0.46 0.35 1 0 1 0 

9993650 1 1.75 7.81 2.52 6.02 0.22 0.42 0.32 1 0 1 0 

9978026 2 1.86 9.01 3 6.79 0.21 0.44 0.32 0 0 0 0 

9978026 1 1.64 9.04 2.96 6.75 0.18 0.44 0.31 0 0 0 0 

9967728 2 1.57 7.22 2.19 5.76 0.22 0.38 0.30 0 1 2 1 

9967728 1 1.61 7.13 2.05 5.57 0.23 0.37 0.30 0 1 2 1 

9954040 2 1.93 8.6 2.77 6.64 0.22 0.42 0.32 2 0 2 0 

9954040 1 1.73 8.6 2.73 6.56 0.20 0.42 0.31 2 0 2 0 

9937239 2 2.04 8.14 2.48 6.42 0.25 0.39 0.32 1 1 1 1 

9937239 1 1.97 8.1 2.62 6.32 0.24 0.41 0.33 1 1 1 1 

9929102 2 1.9 8.9 2.99 7 0.21 0.43 0.32 2 0 1 0 
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Table 8. Intercondylar notch measures, calculated indices, and OAI outcome information for 

DIRKN9,DIRKN10, and DIRKN11. 

 

Patient 

ID 

Side Notch 

Width 

Condylar 

Width 

Notch 

Depth 

Condylar 

Depth 

Notch 

Width 

Index 

Notch 

Depth 

Index 

Combined 

Notch 

Index 

D

I

R

K

N

9 

D

I

R

K

N

1

0 

D

I

R

K

N

1

1 

9212530 2 1.49 8 2.77 5.72 0.19 0.48 0.34 0 1 0 

9212530 1 1.53 8.02 2.77 6.02 0.19 0.46 0.33 0 1 0 

9225592 2 2.16 7.39 2.45 5.6 0.29 0.44 0.36 0 0 0 

9225592 1 2.15 7.5 2.37 5.77 0.29 0.41 0.35 0 0 0 

9309170 2 1.39 7.55 3.1 6.13 0.18 0.51 0.34 1 1 1 

9309170 1 1.5 7.41 3 6.13 0.20 0.49 0.35 1 1 1 

9355257 2 1.42 7.8 2.84 6.36 0.18 0.45 0.31 0 0 0 

9355257 1 1.89 7.85 2.82 6.35 0.24 0.44 0.34 0 0 0 

9355648 2 2.12 8.61 2.85 6.31 0.25 0.45 0.35 0 1 0 

9355648 1 2.19 8.6 2.85 6.53 0.25 0.44 0.35 0 1 0 

9361974 2 2.04 7.91 2.77 6.64 0.26 0.42 0.34 0 0 0 

9361974 1 1.9 7.69 2.77 6.42 0.25 0.43 0.34 0 0 0 

9384158 2 1.64 7.85 2.52 5.98 0.21 0.42 0.32 1 0 1 

9384158 1 1.68 7.87 2.44 5.94 0.21 0.41 0.31 1 0 1 

9396242 2 1.94 8.52 2.95 6.86 0.23 0.43 0.33 1 1 1 

9396242 1 1.9 8.66 2.89 6.76 0.22 0.43 0.32 1 1 1 

9402960 2 2.08 9.26 2.81 6.89 0.22 0.41 0.32 0 0 0 

9402960 1 2.79 9.22 2.88 6.96 0.30 0.41 0.36 0 0 0 

9416381 2 1.82 8.06 2.74 6.38 0.23 0.43 0.33 2 2 2 

9416381 1 1.79 7.88 2.81 6.27 0.23 0.45 0.34 2 2 2 

9423008 2 1.75 9.16 3.14 6.97 0.19 0.45 0.32 0 0 0 

9423008 1 1.42 9.15 3.21 6.82 0.16 0.47 0.31 0 0 0 

9432102 2 2.66 9.89 2.81 7.16 0.27 0.39 0.33 0 0 0 

9432102 1 2.77 9.84 2.81 6.93 0.28 0.41 0.34 0 0 0 

9453626 2 1.94 8.82 3.1 6.27 0.22 0.49 0.36 0 0 0 

9453626 1 1.94 8.68 3.03 6.24 0.22 0.49 0.35 0 0 0 

9456233 2 1.03 7.51 2.34 5.65 0.14 0.41 0.28 2 0 1 

9456233 1 1.5 7.74 2.15 5.54 0.19 0.39 0.29 2 0 1 

9458868 2 2.01 7.86 3.14 6.35 0.26 0.49 0.38 1 1 1 
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9458868 1 1.9 7.84 3.03 6.34 0.24 0.48 0.36 1 1 1 

9503434 2 1.94 7.95 3 6.6 0.24 0.45 0.35 0 0 0 

9503434 1 1.8 8.17 2.82 6.74 0.22 0.42 0.32 0 0 0 

9528955 2 1.79 8.93 2.59 6.82 0.20 0.38 0.29 1 3 1 

9528955 1 1.87 8.87 2.63 6.64 0.21 0.40 0.30 1 3 1 

9532533 2 1.46 7.37 2.7 6.13 0.20 0.44 0.32 0 0 0 

9532533 1 1.55 7.55 2.57 6.01 0.21 0.43 0.32 0 0 0 

9537090 2 1.68 8.39 3.1 6.46 0.20 0.48 0.34 0 0 0 

9537090 1 1.6 8.22 3.05 6.64 0.19 0.46 0.33 0 0 0 

9560965 2 1.82 8.06 2.88 6.49 0.23 0.44 0.33 2 0 2 

9560965 1 1.71 7.99 2.81 6.46 0.21 0.43 0.32 2 0 2 

9562591 2 1.61 8.65 2.96 6.74 0.19 0.44 0.31 0 1 0 

9562591 1 1.8 8.7 2.67 6.6 0.21 0.40 0.31 0 1 0 

9569715 2 1.72 7.32 2.41 5.94 0.23 0.41 0.32 2 2 2 

9569715 1 1.64 7.26 2.37 5.95 0.23 0.40 0.31 2 2 2 

9590145 2 1.75 8.31 2.99 6.45 0.21 0.46 0.34 0 0 0 

9590145 1 1.68 8.23 3 6.52 0.20 0.46 0.33 0 0 0 

9590485 2 1.43 8.06 2.88 6.38 0.18 0.45 0.31 1 1 1 

9590485 1 1.29 7.94 2.96 6.52 0.16 0.45 0.31 1 1 1 

9637676 2 1.42 8.83 2.44 6.81 0.16 0.36 0.26 1 1 1 

9637676 1 1.39 8.93 2.6 7 0.16 0.37 0.26 1 1 1 

9640473 2 1.87 9.09 2.99 7.04 0.21 0.42 0.32 0 0 0 

9640473 1 1.82 9.11 2.99 6.89 0.20 0.43 0.32 0 0 0 

9646958 2 1.79 8.45 2.92 6.6 0.21 0.44 0.33 0 1 0 

9646958 1 1.68 8.57 2.92 6.71 0.20 0.44 0.32 0 1 0 

9651949 2 1.76 8.26 3 6.4 0.21 0.47 0.34 3 0 0 

9651949 1 1.86 8.27 2.88 6.48 0.22 0.44 0.33 3 0 0 

9659472 2 1.83 9.17 3.04 7.01 0.20 0.43 0.32 0 0 0 

9659472 1 1.93 9.2 3.14 7.19 0.21 0.44 0.32 0 0 0 

9659956 2 1.75 9.49 3.43 7.08 0.18 0.48 0.33 1 2 0 

9659956 1 1.75 9.42 3.32 7.01 0.19 0.47 0.33 1 2 0 

9660607 2 1.87 9.46 3.63 7.14 0.20 0.51 0.35 1 1 1 

9660607 1 1.91 9.52 3.41 7.23 0.20 0.47 0.34 1 1 1 

9664468 2 1.94 9.01 2.96 6.71 0.22 0.44 0.33 1 1 1 

9664468 1 1.86 9.28 2.95 6.82 0.20 0.43 0.32 1 1 1 

9669143 2 1.63 8.2 2.7 6.06 0.20 0.45 0.32 0 0 0 

9669143 1 1.5 8.24 2.81 6.27 0.18 0.45 0.32 0 0 0 

9676235 2 1.35 7.89 3.21 6.64 0.17 0.48 0.33 0 0 0 

9676235 1 1.35 7.91 3.24 6.78 0.17 0.48 0.32 0 0 0 

9680344 2 1.97 8.68 2.44 6.49 0.23 0.38 0.30 1 1 2 
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9680344 1 2.01 8.61 2.52 6.43 0.23 0.39 0.31 1 1 2 

9682254 2 1.53 7.55 2.44 6.35 0.20 0.38 0.29 0 1 0 

9682254 1 1.53 7.66 2.48 6.5 0.20 0.38 0.29 0 1 0 

9690658 2 1.82 8.39 2.92 6.38 0.22 0.46 0.34 0 3 0 

9690658 1 1.99 8.57 3.12 6.46 0.23 0.48 0.36 0 3 0 

9695430 2 2.12 9.15 3.21 7.18 0.23 0.45 0.34 0 1 0 

9695430 1 2.3 9.12 3.32 7.04 0.25 0.47 0.36 0 1 0 

9699340 2 1.8 9.06 3.12 6.89 0.20 0.45 0.33 0 0 0 

9699340 1 1.78 9.09 3.07 7.05 0.20 0.44 0.32 0 0 0 

9704858 2 1.97 8.79 2.96 7.37 0.22 0.40 0.31 0 0 0 

9704858 1 2.11 8.83 3.03 6.89 0.24 0.44 0.34 0 0 0 

9712471 2 1.86 8.86 2.99 7.04 0.21 0.42 0.32 0 0 0 

9712471 1 1.71 8.93 3.1 7.15 0.19 0.43 0.31 0 0 0 

9714996 2 1.86 8.69 3.03 6.78 0.21 0.45 0.33 0 1 0 

9714996 1 1.79 8.75 2.84 6.75 0.20 0.42 0.31 0 1 0 

9719999 2 1.82 9.01 3.17 6.89 0.20 0.46 0.33 0 0 0 

9719999 1 1.97 9.03 3.03 7.41 0.22 0.41 0.31 0 0 0 

9726778 2 1.97 8.93 2.82 6.71 0.22 0.42 0.32 0 1 0 

9726778 1 1.9 9.08 2.92 7.04 0.21 0.41 0.31 0 1 0 

9993650 2 1.97 7.91 2.63 5.76 0.25 0.46 0.35 0 0 0 

9993650 1 1.75 7.81 2.52 6.02 0.22 0.42 0.32 0 0 0 

9978026 2 1.86 9.01 3 6.79 0.21 0.44 0.32 0 0 0 

9978026 1 1.64 9.04 2.96 6.75 0.18 0.44 0.31 0 0 0 

9967728 2 1.57 7.22 2.19 5.76 0.22 0.38 0.30 3 1 2 

9967728 1 1.61 7.13 2.05 5.57 0.23 0.37 0.30 3 1 2 

9954040 2 1.93 8.6 2.77 6.64 0.22 0.42 0.32 0 2 2 

9954040 1 1.73 8.6 2.73 6.56 0.20 0.42 0.31 0 2 2 

9937239 2 2.04 8.14 2.48 6.42 0.25 0.39 0.32 0 1 0 

9937239 1 1.97 8.1 2.62 6.32 0.24 0.41 0.33 0 1 0 

9929102 2 1.9 8.9 2.99 7 0.21 0.43 0.32 0 1 0 
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Table 9. Intercondylar notch measures, calculated indices, and OAI outcome information for 

DIRKN12, DIRKN13, and DIRKN14. 

 

Patient 

ID 

Side Notch 

Width 

Condylar 

Width 

Notch 

Depth 

Condylar 

Depth 

Notch 

Width 

Index 

Notch 

Depth 

Index 

Combined 

Notch 

Index 

D

I

R

K

N

1

2 

D

I

R

K

N

1

3 

D

I

R

K

N

1

4 

9309170 2 1.39 7.55 3.1 6.13 0.18 0.51 0.34 0 1 0 

9309170 1 1.5 7.41 3 6.13 0.20 0.49 0.35 0 1 0 

9355648 2 2.12 8.61 2.85 6.31 0.25 0.45 0.35 0 0 0 

9355648 1 2.19 8.6 2.85 6.53 0.25 0.44 0.35 0 0 0 

9361974 2 2.04 7.91 2.77 6.64 0.26 0.42 0.34 0 0 0 

9361974 1 1.9 7.69 2.77 6.42 0.25 0.43 0.34 0 0 0 

9396242 2 1.94 8.52 2.95 6.86 0.23 0.43 0.33 0 0 0 

9396242 1 1.9 8.66 2.89 6.76 0.22 0.43 0.32 0 0 0 

9402960 2 2.08 9.26 2.81 6.89 0.22 0.41 0.32 0 0 0 

9402960 1 2.79 9.22 2.88 6.96 0.30 0.41 0.36 0 0 0 

9416381 2 1.82 8.06 2.74 6.38 0.23 0.43 0.33 1 1 1 

9416381 1 1.79 7.88 2.81 6.27 0.23 0.45 0.34 1 1 1 

9423008 2 1.75 9.16 3.14 6.97 0.19 0.45 0.32 1 0 1 

9423008 1 1.42 9.15 3.21 6.82 0.16 0.47 0.31 1 0 1 

9453626 2 1.94 8.82 3.1 6.27 0.22 0.49 0.36 0 0 0 

9453626 1 1.94 8.68 3.03 6.24 0.22 0.49 0.35 0 0 0 

9458868 2 2.01 7.86 3.14 6.35 0.26 0.49 0.38 0 1 1 

9458868 1 1.9 7.84 3.03 6.34 0.24 0.48 0.36 0 1 1 

9503434 2 1.94 7.95 3 6.6 0.24 0.45 0.35 0 0 0 

9503434 1 1.8 8.17 2.82 6.74 0.22 0.42 0.32 0 0 0 

9528955 2 1.79 8.93 2.59 6.82 0.20 0.38 0.29 3 2 2 

9528955 1 1.87 8.87 2.63 6.64 0.21 0.40 0.30 3 2 2 

9532533 2 1.46 7.37 2.7 6.13 0.20 0.44 0.32 0 0 0 

9532533 1 1.55 7.55 2.57 6.01 0.21 0.43 0.32 0 0 0 

9537090 2 1.68 8.39 3.1 6.46 0.20 0.48 0.34 0 0 0 

9537090 1 1.6 8.22 3.05 6.64 0.19 0.46 0.33 0 0 0 

9562591 2 1.61 8.65 2.96 6.74 0.19 0.44 0.31 0 0 0 

9562591 1 1.8 8.7 2.67 6.6 0.21 0.40 0.31 0 0 0 

9637676 2 1.42 8.83 2.44 6.81 0.16 0.36 0.26 0 1 0 
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9637676 1 1.39 8.93 2.6 7 0.16 0.37 0.26 0 1 0 

9640473 2 1.87 9.09 2.99 7.04 0.21 0.42 0.32 2 0 0 

9640473 1 1.82 9.11 2.99 6.89 0.20 0.43 0.32 2 0 0 

9651949 2 1.76 8.26 3 6.4 0.21 0.47 0.34 0 0 0 

9651949 1 1.86 8.27 2.88 6.48 0.22 0.44 0.33 0 0 0 

9659472 2 1.83 9.17 3.04 7.01 0.20 0.43 0.32 0 0 0 

9659472 1 1.93 9.2 3.14 7.19 0.21 0.44 0.32 0 0 0 

9660607 2 1.87 9.46 3.63 7.14 0.20 0.51 0.35 0 1 1 

9660607 1 1.91 9.52 3.41 7.23 0.20 0.47 0.34 0 1 1 

9676235 2 1.35 7.89 3.21 6.64 0.17 0.48 0.33 0 0 0 

9676235 1 1.35 7.91 3.24 6.78 0.17 0.48 0.32 0 0 0 

9680344 2 1.97 8.68 2.44 6.49 0.23 0.38 0.30 1 1 1 

9680344 1 2.01 8.61 2.52 6.43 0.23 0.39 0.31 1 1 1 

9682254 2 1.53 7.55 2.44 6.35 0.20 0.38 0.29 1 1 0 

9682254 1 1.53 7.66 2.48 6.5 0.20 0.38 0.29 1 1 0 

9704858 2 1.97 8.79 2.96 7.37 0.22 0.40 0.31 0 0 0 

9704858 1 2.11 8.83 3.03 6.89 0.24 0.44 0.34 0 0 0 

9712471 2 1.86 8.86 2.99 7.04 0.21 0.42 0.32 1 1 1 

9712471 1 1.71 8.93 3.1 7.15 0.19 0.43 0.31 1 1 1 

9714996 2 1.86 8.69 3.03 6.78 0.21 0.45 0.33 0 0 0 

9714996 1 1.79 8.75 2.84 6.75 0.20 0.42 0.31 0 0 0 

9719999 2 1.82 9.01 3.17 6.89 0.20 0.46 0.33 0 0 0 

9719999 1 1.97 9.03 3.03 7.41 0.22 0.41 0.31 0 0 0 

9726778 2 1.97 8.93 2.82 6.71 0.22 0.42 0.32 0 0 0 

9726778 1 1.9 9.08 2.92 7.04 0.21 0.41 0.31 0 0 0 

9978026 2 1.86 9.01 3 6.79 0.21 0.44 0.32 0 0 0 

9978026 1 1.64 9.04 2.96 6.75 0.18 0.44 0.31 0 0 0 

9954040 2 1.93 8.6 2.77 6.64 0.22 0.42 0.32 0 2 0 

9954040 1 1.73 8.6 2.73 6.56 0.20 0.42 0.31 0 2 0 

9929102 2 1.9 8.9 2.99 7 0.21 0.43 0.32 0 0 1 

9929102 1 1.94 8.86 3.1 6.97 0.22 0.44 0.33 0 0 1 

9917307 2 1.9 7.9 3.47 6.43 0.24 0.54 0.39 1 1 1 

9917307 1 2.01 7.92 3.25 6.54 0.25 0.50 0.38 1 1 1 

9996865 1 1.4 7.46 2.69 5.63 0.19 0.48 0.33 0 0 0 

9905863 2 1.79 9.88 3.43 7.12 0.18 0.48 0.33 0 0 1 

9905863 1 1.75 9.59 3.47 7.26 0.18 0.48 0.33 0 0 1 

9870569 2 1.66 7.54 2.44 5.92 0.22 0.41 0.32 0 0 0 

9870569 1 1.59 7.61 2.37 6.07 0.21 0.39 0.30 0 0 0 

9857555 2 2.19 8.06 2.66 6.13 0.27 0.43 0.35 1 1 1 

9857555 1 2.15 7.99 2.77 6.05 0.27 0.46 0.36 1 1 1 
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9041946 1 1.9 8.45 2.74 6.39 0.22 0.43 0.33 0 0 0 

9075815 2 1.6 8.68 2.73 6.75 0.18 0.40 0.29 1 1 0 

9075815 1 1.68 8.71 2.48 7.04 0.19 0.35 0.27 1 1 0 

9118430 2 1.75 7.98 2.92 6.67 0.22 0.44 0.33 1 2 2 

9118430 1 1.82 7.98 2.81 6.7 0.23 0.42 0.32 1 2 2 

9157758 2 1.5 8.36 3.14 6.57 0.18 0.48 0.33 1 2 2 

9157758 1 1.49 8.14 3.21 6.6 0.18 0.49 0.33 1 2 2 

9204055 2 1.75 8.21 3.03 6.45 0.21 0.47 0.34 0 2 2 

9204055 1 1.72 8.17 3.03 6.38 0.21 0.47 0.34 0 2 2 

9262506 2 1.61 7.8 2.81 5.69 0.21 0.49 0.35 0 0 0 

9262506 1 1.68 7.7 2.7 5.47 0.22 0.49 0.36 0 0 0 

9273362 2 1.75 7.7 2.59 6.42 0.23 0.40 0.32 1 2 2 

9273362 1 1.64 7.84 2.59 6.56 0.21 0.39 0.30 1 2 2 

9299944 2 2.19 8.68 2.63 6.86 0.25 0.38 0.32 0 0 0 

9299944 1 2.05 8.48 2.67 6.98 0.24 0.38 0.31 0 0 0 

9635177 2 2.99 8.84 2.99 6.73 0.34 0.44 0.39 1 0 0 

9635177 1 1.68 8.58 3.06 6.93 0.20 0.44 0.32 1 0 0 

9439411 2 1.86 9.74 3.43 7.22 0.19 0.48 0.33 0 0 0 

9439411 1 1.71 7.99 2.95 6.78 0.21 0.44 0.32 0 0 0 

9435421 2 1.86 9.74 3.43 7.22 0.19 0.48 0.33 0 0 0 

9435421 1 1.5 8.47 2.48 6.38 0.18 0.39 0.28 0 0 0 

9427002 2 1.9 8.78 3.06 6.33 0.22 0.48 0.35 0 0 0 

9427002 1 2.09 8.88 2.96 6.29 0.24 0.47 0.35 0 0 0 

9422381 2 1.71 7.73 2.81 6.16 0.22 0.46 0.34 2 1 2 

9422381 1 1.5 8.47 2.48 6.38 0.18 0.39 0.28 2 1 2 

9421281 2 1.71 7.73 2.81 6.16 0.22 0.46 0.34 0 0 0 

9421281 1 1.82 7.84 2.77 6.2 0.23 0.45 0.34 0 0 0 

9363979 2 2.26 9.45 3.1 6.71 0.24 0.46 0.35 0 0 0 

9363979 1 2.26 9.41 3.14 6.64 0.24 0.47 0.36 0 0 0 

9356305 2 1.71 8.8 3.03 6.71 0.19 0.45 0.32 1 1 1 
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Table 10. Intercondylar notch measures, calculated indices, and OAI outcome information 

for DIRKN15, DIRKN16, and DIRKN17. 

 

Patient 

ID 

Side Notch 

Width 

Condylar 

Width 

Notch 

Depth 

Condy

lar 

Depth 

Notch 

Width 

Index 

Notch 

Depth 

Index 

Combined 

Notch 

Index 

D

I

R

K

N

1

5 

D

I

R

K

N

1

6 

D

I

R

K

N

1

7 

9212530 2 1.49 8 2.77 5.72 0.19 0.48 0.34 0 1 0 

9212530 1 1.53 8.02 2.77 6.02 0.19 0.46 0.33 0 1 0 

9225592 2 2.16 7.39 2.45 5.6 0.29 0.44 0.36 0 0 0 

9225592 1 2.15 7.5 2.37 5.77 0.29 0.41 0.35 0 0 0 

9309170 2 1.39 7.55 3.1 6.13 0.18 0.51 0.34 2 2 1 

9309170 1 1.5 7.41 3 6.13 0.20 0.49 0.35 2 2 1 

9355257 2 1.42 7.8 2.84 6.36 0.18 0.45 0.31 0 1 0 

9355257 1 1.89 7.85 2.82 6.35 0.24 0.44 0.34 0 1 0 

9355648 2 2.12 8.61 2.85 6.31 0.25 0.45 0.35 0 2 0 

9355648 1 2.19 8.6 2.85 6.53 0.25 0.44 0.35 0 2 0 

9361974 2 2.04 7.91 2.77 6.64 0.26 0.42 0.34 0 0 0 

9361974 1 1.9 7.69 2.77 6.42 0.25 0.43 0.34 0 0 0 

9384158 2 1.64 7.85 2.52 5.98 0.21 0.42 0.32 1 1 0 

9384158 1 1.68 7.87 2.44 5.94 0.21 0.41 0.31 1 1 0 

9396242 2 1.94 8.52 2.95 6.86 0.23 0.43 0.33 1 1 0 

9396242 1 1.9 8.66 2.89 6.76 0.22 0.43 0.32 1 1 0 

9402960 2 2.08 9.26 2.81 6.89 0.22 0.41 0.32 0 0 0 

9402960 1 2.79 9.22 2.88 6.96 0.30 0.41 0.36 0 0 0 

9416381 2 1.82 8.06 2.74 6.38 0.23 0.43 0.33 2 2 2 

9416381 1 1.79 7.88 2.81 6.27 0.23 0.45 0.34 2 2 2 

9423008 2 1.75 9.16 3.14 6.97 0.19 0.45 0.32 0 0 0 

9423008 1 1.42 9.15 3.21 6.82 0.16 0.47 0.31 0 0 0 

9432102 2 2.66 9.89 2.81 7.16 0.27 0.39 0.33 1 1 1 

9432102 1 2.77 9.84 2.81 6.93 0.28 0.41 0.34 1 1 1 

9453626 2 1.94 8.82 3.1 6.27 0.22 0.49 0.36 0 0 0 

9453626 1 1.94 8.68 3.03 6.24 0.22 0.49 0.35 0 0 0 

9456233 2 1.03 7.51 2.34 5.65 0.14 0.41 0.28 1 2 1 

9456233 1 1.5 7.74 2.15 5.54 0.19 0.39 0.29 1 2 1 

9458868 2 2.01 7.86 3.14 6.35 0.26 0.49 0.38 1 2 1 



181 

 

9458868 1 1.9 7.84 3.03 6.34 0.24 0.48 0.36 1 2 1 

9503434 2 1.94 7.95 3 6.6 0.24 0.45 0.35 0 0 0 

9503434 1 1.8 8.17 2.82 6.74 0.22 0.42 0.32 0 0 0 

9528955 2 1.79 8.93 2.59 6.82 0.20 0.38 0.29 3 1 1 

9528955 1 1.87 8.87 2.63 6.64 0.21 0.40 0.30 3 1 1 

9537090 2 1.68 8.39 3.1 6.46 0.20 0.48 0.34 0 0 0 

9537090 1 1.6 8.22 3.05 6.64 0.19 0.46 0.33 0 0 0 

9560965 2 1.82 8.06 2.88 6.49 0.23 0.44 0.33 1 2 1 

9560965 1 1.71 7.99 2.81 6.46 0.21 0.43 0.32 1 2 1 

9562591 2 1.61 8.65 2.96 6.74 0.19 0.44 0.31 0 1 0 

9562591 1 1.8 8.7 2.67 6.6 0.21 0.40 0.31 0 1 0 

9569715 2 1.72 7.32 2.41 5.94 0.23 0.41 0.32 1 2 1 

9569715 1 1.64 7.26 2.37 5.95 0.23 0.40 0.31 1 2 1 

9590145 2 1.75 8.31 2.99 6.45 0.21 0.46 0.34 0 0 0 

9590145 1 1.68 8.23 3 6.52 0.20 0.46 0.33 0 0 0 

9637676 2 1.42 8.83 2.44 6.81 0.16 0.36 0.26 1 3 2 

9637676 1 1.39 8.93 2.6 7 0.16 0.37 0.26 1 3 2 

9646958 2 1.79 8.45 2.92 6.6 0.21 0.44 0.33 0 1 0 

9646958 1 1.68 8.57 2.92 6.71 0.20 0.44 0.32 0 1 0 

9651949 2 1.76 8.26 3 6.4 0.21 0.47 0.34 0 0 0 

9651949 1 1.86 8.27 2.88 6.48 0.22 0.44 0.33 0 0 0 

9659472 2 1.83 9.17 3.04 7.01 0.20 0.43 0.32 0 0 0 

9659472 1 1.93 9.2 3.14 7.19 0.21 0.44 0.32 0 0 0 

9659956 2 1.75 9.49 3.43 7.08 0.18 0.48 0.33 1 1 1 

9659956 1 1.75 9.42 3.32 7.01 0.19 0.47 0.33 1 1 1 

9660607 2 1.87 9.46 3.63 7.14 0.20 0.51 0.35 1 1 1 

9660607 1 1.91 9.52 3.41 7.23 0.20 0.47 0.34 1 1 1 

9664468 2 1.94 9.01 2.96 6.71 0.22 0.44 0.33 2 1 1 

9664468 1 1.86 9.28 2.95 6.82 0.20 0.43 0.32 2 1 1 

9669143 2 1.63 8.2 2.7 6.06 0.20 0.45 0.32 0 1 1 

9669143 1 1.5 8.24 2.81 6.27 0.18 0.45 0.32 0 1 1 

9676235 2 1.35 7.89 3.21 6.64 0.17 0.48 0.33 0 0 0 

9676235 1 1.35 7.91 3.24 6.78 0.17 0.48 0.32 0 0 0 

9682254 2 1.53 7.55 2.44 6.35 0.20 0.38 0.29 2 1 1 

9682254 1 1.53 7.66 2.48 6.5 0.20 0.38 0.29 2 1 1 

9695430 2 2.12 9.15 3.21 7.18 0.23 0.45 0.34 1 1 1 

9695430 1 2.3 9.12 3.32 7.04 0.25 0.47 0.36 1 1 1 

9699340 2 1.8 9.06 3.12 6.89 0.20 0.45 0.33 0 0 0 

9699340 1 1.78 9.09 3.07 7.05 0.20 0.44 0.32 0 0 0 

9704858 2 1.97 8.79 2.96 7.37 0.22 0.40 0.31 0 0 0 
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9704858 1 2.11 8.83 3.03 6.89 0.24 0.44 0.34 0 0 0 

9712471 2 1.86 8.86 2.99 7.04 0.21 0.42 0.32 1 1 0 

9712471 1 1.71 8.93 3.1 7.15 0.19 0.43 0.31 1 1 0 

9714996 2 1.86 8.69 3.03 6.78 0.21 0.45 0.33 0 0 0 

9714996 1 1.79 8.75 2.84 6.75 0.20 0.42 0.31 0 0 0 

9719999 2 1.82 9.01 3.17 6.89 0.20 0.46 0.33 0 0 0 

9719999 1 1.97 9.03 3.03 7.41 0.22 0.41 0.31 0 0 0 

9726778 2 1.97 8.93 2.82 6.71 0.22 0.42 0.32 1 1 0 

9726778 1 1.9 9.08 2.92 7.04 0.21 0.41 0.31 1 1 0 

9993650 2 1.97 7.91 2.63 5.76 0.25 0.46 0.35 1 1 0 

9993650 1 1.75 7.81 2.52 6.02 0.22 0.42 0.32 1 1 0 

9978026 2 1.86 9.01 3 6.79 0.21 0.44 0.32 0 0 0 

9978026 1 1.64 9.04 2.96 6.75 0.18 0.44 0.31 0 0 0 

9967728 2 1.57 7.22 2.19 5.76 0.22 0.38 0.30 0 1 0 

9967728 1 1.61 7.13 2.05 5.57 0.23 0.37 0.30 0 1 0 

9954040 2 1.93 8.6 2.77 6.64 0.22 0.42 0.32 0 2 0 

9954040 1 1.73 8.6 2.73 6.56 0.20 0.42 0.31 0 2 0 

9937239 2 2.04 8.14 2.48 6.42 0.25 0.39 0.32 0 1 1 

9937239 1 1.97 8.1 2.62 6.32 0.24 0.41 0.33 0 1 1 

9929102 2 1.9 8.9 2.99 7 0.21 0.43 0.32 1 1 0 

9929102 1 1.94 8.86 3.1 6.97 0.22 0.44 0.33 1 1 0 

9917307 2 1.9 7.9 3.47 6.43 0.24 0.54 0.39 1 1 1 

9917307 1 2.01 7.92 3.25 6.54 0.25 0.50 0.38 1 1 1 

9907909 2 2.23 9.84 3.84 7.56 0.23 0.51 0.37 0 0 0 

9907909 1 2.04 9.82 3.77 7.62 0.21 0.49 0.35 0 0 0 

9905863 2 1.79 9.88 3.43 7.12 0.18 0.48 0.33 0 0 0 

9905863 1 1.75 9.59 3.47 7.26 0.18 0.48 0.33 0 0 0 

9883715 2 1.86 5.11 2.67 6.27 0.36 0.43 0.39 1 1 0 

9883715 1 1.86 8.03 2.63 6.27 0.23 0.42 0.33 1 1 0 

9870569 2 1.66 7.54 2.44 5.92 0.22 0.41 0.32 0 0 0 
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Table 11. Intercondylar notch measures, calculated indices, and OAI outcome information 

for WPLKN1, WPLKN2, and WPLKN3. 

 

Patient 

ID 

Side Notch 

Width 

Condylar 

Width 

Notch 

Depth 

Condylar 

Depth 

Notch 

Width 

Index 

Notch 

Depth 

Index 

Combined 

Notch 

Index 

W

P

L

K

N

1 

W

P

L

K

N

2 

W

P

L

K

N

3 

9212530 2 1.49 8 2.77 5.72 0.19 0.48 0.34 1 2 0 

9212530 1 1.53 8.02 2.77 6.02 0.19 0.46 0.33 1 2 0 

9225592 2 2.16 7.39 2.45 5.6 0.29 0.44 0.36 1 2 0 

9225592 1 2.15 7.5 2.37 5.77 0.29 0.41 0.35 1 2 0 

9309170 2 1.39 7.55 3.1 6.13 0.18 0.51 0.34 1 2 0 

9309170 1 1.5 7.41 3 6.13 0.20 0.49 0.35 1 2 0 

9355648 2 2.12 8.61 2.85 6.31 0.25 0.45 0.35 0 0 0 

9355648 1 2.19 8.6 2.85 6.53 0.25 0.44 0.35 0 0 0 

9361974 2 2.04 7.91 2.77 6.64 0.26 0.42 0.34 0 0 0 

9361974 1 1.9 7.69 2.77 6.42 0.25 0.43 0.34 0 0 0 

9384158 2 1.64 7.85 2.52 5.98 0.21 0.42 0.32 1 1 0 

9384158 1 1.68 7.87 2.44 5.94 0.21 0.41 0.31 1 1 0 

9396242 2 1.94 8.52 2.95 6.86 0.23 0.43 0.33 0 2 0 

9396242 1 1.9 8.66 2.89 6.76 0.22 0.43 0.32 0 2 0 

9402960 2 2.08 9.26 2.81 6.89 0.22 0.41 0.32 0 0 2 

9402960 1 2.79 9.22 2.88 6.96 0.30 0.41 0.36 0 0 2 

9416381 2 1.82 8.06 2.74 6.38 0.23 0.43 0.33 2 2 0 

9416381 1 1.79 7.88 2.81 6.27 0.23 0.45 0.34 2 2 0 

9423008 2 1.75 9.16 3.14 6.97 0.19 0.45 0.32 0 0 1 

9423008 1 1.42 9.15 3.21 6.82 0.16 0.47 0.31 0 0 1 

9432102 2 2.66 9.89 2.81 7.16 0.27 0.39 0.33 0 0 0 

9432102 1 2.77 9.84 2.81 6.93 0.28 0.41 0.34 0 0 0 

9453626 2 1.94 8.82 3.1 6.27 0.22 0.49 0.36 2 2 0 

9453626 1 1.94 8.68 3.03 6.24 0.22 0.49 0.35 2 2 0 

9456233 2 1.03 7.51 2.34 5.65 0.14 0.41 0.28 0 1 0 

9456233 1 1.5 7.74 2.15 5.54 0.19 0.39 0.29 0 1 0 

9458868 2 2.01 7.86 3.14 6.35 0.26 0.49 0.38 2 3 2 

9458868 1 1.9 7.84 3.03 6.34 0.24 0.48 0.36 2 3 2 

9503434 2 1.94 7.95 3 6.6 0.24 0.45 0.35 0 1 0 

9503434 1 1.8 8.17 2.82 6.74 0.22 0.42 0.32 0 1 0 
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9528955 2 1.79 8.93 2.59 6.82 0.20 0.38 0.29 2 0 1 

9528955 1 1.87 8.87 2.63 6.64 0.21 0.40 0.30 2 0 1 

9532533 2 1.46 7.37 2.7 6.13 0.20 0.44 0.32 0 0 0 

9532533 1 1.55 7.55 2.57 6.01 0.21 0.43 0.32 0 0 0 

9537090 2 1.68 8.39 3.1 6.46 0.20 0.48 0.34 2 2 2 

9537090 1 1.6 8.22 3.05 6.64 0.19 0.46 0.33 2 2 2 

9560965 2 1.82 8.06 2.88 6.49 0.23 0.44 0.33 0 1 0 

9560965 1 1.71 7.99 2.81 6.46 0.21 0.43 0.32 0 1 0 

9562591 2 1.61 8.65 2.96 6.74 0.19 0.44 0.31 0 1 0 

9562591 1 1.8 8.7 2.67 6.6 0.21 0.40 0.31 0 1 0 

9569715 2 1.72 7.32 2.41 5.94 0.23 0.41 0.32 3 3 0 

9569715 1 1.64 7.26 2.37 5.95 0.23 0.40 0.31 3 3 0 

9590145 2 1.75 8.31 2.99 6.45 0.21 0.46 0.34 0 1 0 

9590145 1 1.68 8.23 3 6.52 0.20 0.46 0.33 0 1 0 

9590485 2 1.43 8.06 2.88 6.38 0.18 0.45 0.31 0 1 0 

9590485 1 1.29 7.94 2.96 6.52 0.16 0.45 0.31 0 1 0 

9637676 2 1.42 8.83 2.44 6.81 0.16 0.36 0.26 0 0 0 

9637676 1 1.39 8.93 2.6 7 0.16 0.37 0.26 0 0 0 

9640473 2 1.87 9.09 2.99 7.04 0.21 0.42 0.32 0 1 0 

9640473 1 1.82 9.11 2.99 6.89 0.20 0.43 0.32 0 1 0 

9646958 2 1.79 8.45 2.92 6.6 0.21 0.44 0.33 0 0 0 

9646958 1 1.68 8.57 2.92 6.71 0.20 0.44 0.32 0 0 0 

9651949 2 1.76 8.26 3 6.4 0.21 0.47 0.34 0 1 1 

9651949 1 1.86 8.27 2.88 6.48 0.22 0.44 0.33 0 1 1 

9659472 2 1.83 9.17 3.04 7.01 0.20 0.43 0.32 1 1 1 

9659472 1 1.93 9.2 3.14 7.19 0.21 0.44 0.32 1 1 1 

9659956 2 1.75 9.49 3.43 7.08 0.18 0.48 0.33 1 1 0 

9659956 1 1.75 9.42 3.32 7.01 0.19 0.47 0.33 1 1 0 

9660607 2 1.87 9.46 3.63 7.14 0.20 0.51 0.35 0 0 0 

9660607 1 1.91 9.52 3.41 7.23 0.20 0.47 0.34 0 0 0 

9664468 2 1.94 9.01 2.96 6.71 0.22 0.44 0.33 0 0 0 

9664468 1 1.86 9.28 2.95 6.82 0.20 0.43 0.32 0 0 0 

9669143 2 1.63 8.2 2.7 6.06 0.20 0.45 0.32 1 1 2 

9669143 1 1.5 8.24 2.81 6.27 0.18 0.45 0.32 1 1 2 

9676235 2 1.35 7.89 3.21 6.64 0.17 0.48 0.33 0 0 0 

9676235 1 1.35 7.91 3.24 6.78 0.17 0.48 0.32 0 0 0 

9680344 2 1.97 8.68 2.44 6.49 0.23 0.38 0.30 0 1 0 

9680344 1 2.01 8.61 2.52 6.43 0.23 0.39 0.31 0 1 0 

9682254 2 1.53 7.55 2.44 6.35 0.20 0.38 0.29 0 2 1 

9682254 1 1.53 7.66 2.48 6.5 0.20 0.38 0.29 0 2 1 
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9690658 2 1.82 8.39 2.92 6.38 0.22 0.46 0.34 0 0 0 

9690658 1 1.99 8.57 3.12 6.46 0.23 0.48 0.36 0 0 0 

9695430 2 2.12 9.15 3.21 7.18 0.23 0.45 0.34 2 2 0 

9695430 1 2.3 9.12 3.32 7.04 0.25 0.47 0.36 2 2 0 

9699340 2 1.8 9.06 3.12 6.89 0.20 0.45 0.33 0 1 0 

9699340 1 1.78 9.09 3.07 7.05 0.20 0.44 0.32 0 1 0 

9704858 2 1.97 8.79 2.96 7.37 0.22 0.40 0.31 3 3 2 

9704858 1 2.11 8.83 3.03 6.89 0.24 0.44 0.34 3 3 2 

9712471 2 1.86 8.86 2.99 7.04 0.21 0.42 0.32 2 2 3 

9712471 1 1.71 8.93 3.1 7.15 0.19 0.43 0.31 2 2 3 

9714996 2 1.86 8.69 3.03 6.78 0.21 0.45 0.33 2 2 3 

9714996 1 1.79 8.75 2.84 6.75 0.20 0.42 0.31 2 2 3 

9719999 2 1.82 9.01 3.17 6.89 0.20 0.46 0.33 0 0 0 

9719999 1 1.97 9.03 3.03 7.41 0.22 0.41 0.31 0 0 0 

9726778 2 1.97 8.93 2.82 6.71 0.22 0.42 0.32 1 1 0 

9726778 1 1.9 9.08 2.92 7.04 0.21 0.41 0.31 1 1 0 

9993650 2 1.97 7.91 2.63 5.76 0.25 0.46 0.35 0 0 0 

9993650 1 1.75 7.81 2.52 6.02 0.22 0.42 0.32 0 0 0 

9978026 2 1.86 9.01 3 6.79 0.21 0.44 0.32 2 3 3 

9978026 1 1.64 9.04 2.96 6.75 0.18 0.44 0.31 2 3 3 

9967728 2 1.57 7.22 2.19 5.76 0.22 0.38 0.30 0 2 0 

9967728 1 1.61 7.13 2.05 5.57 0.23 0.37 0.30 0 2 0 

9954040 2 1.93 8.6 2.77 6.64 0.22 0.42 0.32 0 0 0 

9954040 1 1.73 8.6 2.73 6.56 0.20 0.42 0.31 0 0 0 

9937239 2 2.04 8.14 2.48 6.42 0.25 0.39 0.32 2 2 2 

9937239 1 1.97 8.1 2.62 6.32 0.24 0.41 0.33 2 2 2 

9929102 2 1.9 8.9 2.99 7 0.21 0.43 0.32 0 0 0 

9929102 1 1.94 8.86 3.1 6.97 0.22 0.44 0.33 0 0 0 

9917307 2 1.9 7.9 3.47 6.43 0.24 0.54 0.39 1 1 1 
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Appendix E: CAOS grade assessments for each knee and 

related outcome variable scores used to calculate frequency 

distributions 

Table 1. CAOS grade assessments and related OAI variable outcome scores for SF1, SF2, 

SF3, SF4, SF5, SF6, and SF7. 

 

Patient ID Side Degree SF1 SF2 SF3 SF4 SF5 SF6 SF7 

9212530 2 3 3 3 3 4 5 4 5 

9225592 1 1 2 3 2 3 4 5 5 

9309170 2 3 3 3 2 5 5 5 4 

9309170 1 3 3 3 2 5 5 5 4 

9355257 2 0 1 3 3 5 5 5 5 

9355257 1 1 1 3 3 5 5 5 5 

9355648 2 2 3 3 3 5 5 5 5 

9355648 1 2 3 3 3 5 5 5 5 

9361974 2 3 3 3 2 3 5 5 5 

9361974 1 2 3 3 2 3 5 5 5 

9384158 2 1 3 2 2 3 3 4 4 

9384158 1 1 3 2 2 3 3 4 4 

9396242 2 1 2 3 3 5 5 4 4 

9396242 1 1 2 3 3 5 5 4 4 

9402960 2 3 2 3 3 5 5 5 5 

9402960 1 0 2 3 3 5 5 5 5 

9416381 2 1 4 2 1 3 3 4 5 

9416381 1 1 4 2 1 3 3 4 5 

9423008 2 1 2 1 1 4 5 4 5 

9423008 1 1 2 1 1 4 5 4 5 

9432102 2 1 3 3 2 4 4 5 5 

9432102 1 1 3 3 2 4 4 5 5 

9453626 2 2 3 3 3 4 2 3 3 

9453626 1 1 3 3 3 4 2 3 3 

9456233 2 3 1 2 1 3 3 5 5 

9456233 1 3 1 2 1 3 3 5 5 

9458868 2 2 3 1 2 2 3 2 4 

9458868 1 1 3 1 2 2 3 2 4 

9503434 2 2 3 3 3 5 5 5 5 
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9503434 1 1 3 3 3 5 5 5 5 

9528955 2 2 2 3 3 3 3 5 5 

9528955 1 2 2 3 3 3 3 5 5 

9532533 2 0 2 3 3 5 4 5 5 

9532533 1 0 2 3 3 5 4 5 5 

9537090 2 1 2 2 2 4 4 4 4 

9537090 1 1 2 2 2 4 4 4 4 

9560965 2 2 2 3 2 4 2 3 3 

9560965 1 2 2 3 2 4 2 3 3 

9562591 2 1 3 3 3 5 5 5 5 

9562591 1 1 3 3 3 5 5 5 5 

9569715 2 1 2 3 3 5 5 5 5 

9569715 1 0 2 3 3 5 5 5 5 

9590145 2 1 3 3 3 5 5 5 5 

9590145 1 1 3 3 3 5 5 5 5 

9590485 2 1 2 2 2 1 1 2 1 

9590485 1 2 2 2 2 1 1 2 1 

9637676 2 1 3 2 1 2 3 3 3 

9637676 1 2 3 2 1 2 3 3 3 

9640473 2 1 4 2 2 4 4 4 5 

9640473 1 1 4 2 2 4 4 4 5 

9646958 2 1 2 3 3 5 5 5 5 

9646958 1 2 2 3 3 5 5 5 5 

9651949 2 1 3 3 1 2 2 5 4 

9651949 1 2 3 3 1 2 2 5 4 

9659472 2 1 2 3 3 5 5 5 5 

9659472 1 1 2 3 3 5 5 5 5 

9659956 2 3 3 3 2 4 4 4 4 

9659956 1 1 3 3 2 4 4 4 4 

9660607 2 1 3 3 3 4 4 5 5 

9660607 1 1 3 3 3 4 4 5 5 

9664468 2 1 3 3 2 4 4 5 5 

9664468 1 2 3 3 2 4 4 5 5 

9669143 2 1 2 3 3 4 5 5 4 

9669143 1 0 2 3 3 4 5 5 4 

9676235 2 2 2 3 3 5 5 5 5 

9676235 1 2 2 3 3 5 5 5 5 

9680344 2 1 3 1 1 3 2 5 5 

9680344 1 1 3 1 1 3 2 5 5 

9682254 2 1 2 3 3 5 5 5 5 
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9682254 1 2 2 3 3 5 5 5 5 

9690658 2 3 3 3 2 3 3 5 5 

9690658 1 1 3 3 2 3 3 5 5 

9695430 2 2 3 2 2 3 3 5 5 

9695430 2 2 3 2 2 3 3 5 5 

9695430 1 2 3 2 2 3 3 5 5 

9695430 1 1 3 2 2 3 3 5 5 

9699340 2 1 1 3 3 5 5 5 5 

9699340 2 1 1 3 3 5 5 5 5 

9699340 1 1 1 3 3 5 5 5 5 

9699340 1 0 1 3 3 5 5 5 5 

9704858 2 1 3 2 2 4 4 5 5 

9704858 2 2 3 2 2 4 4 5 5 

9704858 1 1 3 2 2 4 4 5 5 

9712471 2 2 2 3 3 5 5 5 5 

9712471 1 1 2 3 3 5 5 5 5 

9714996 2 2 2 3 2 4 5 5 5 

9714996 1 2 2 3 2 4 5 5 5 

9719999 2 1 2 2 3 5 5 5 5 

9993650 2 2 2 3 3 5 5 5 5 

9993650 1 1 2 3 3 5 5 5 5 

9978026 2 1 2 2 2 3 3 5 5 

9978026 1 1 2 2 2 3 3 5 5 

9967728 2 2 3 2 1 3 3 3 3 

9967728 1 2 3 2 1 3 3 3 3 

9954040 2 1 4 3 2 2 3 5 3 

9954040 1 1 4 3 2 2 3 5 3 

9937239 2 2 4 3 2 3 4 4 5 

9937239 1 2 4 3 2 3 4 4 5 

9929102 2 1 2 3 3 5 5 5 5 
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Table 2. CAOS grade assessments and related OAI variable outcome scores for SF8, SF9, 

SF10, SF11, SF12, and WPRKN1. 

 

Patient ID Side Degree SF8 SF9 SF10 SF11 SF12 WPRKN1 

9212530 2 3 2 4 4 5 5 1 

9225592 1 1 2 2 2 5 5 0 

9309170 2 3 2 3 3 4 5 0 

9309170 1 3 2 3 3 4 5 0 

9355257 2 0 1 2 2 5 5 0 

9355257 1 1 1 2 2 5 5 0 

9355648 2 2 1 2 2 5 5 0 

9355648 1 2 1 2 2 5 5 0 

9361974 2 3 1 2 4 5 5 0 

9361974 1 2 1 2 4 5 5 0 

9384158 2 1 3 2 2 4 5 1 

9384158 1 1 3 2 2 4 5 1 

9396242 2 1 2 1 2 4 4 1 

9396242 1 1 2 1 2 4 4 1 

9402960 2 3 1 2 3 5 5 0 

9402960 1 0 1 2 3 5 5 0 

9416381 2 1 3 3 4 3 3 1 

9416381 1 1 3 3 4 3 3 1 

9423008 2 1 3 2 5 5 5 0 

9423008 1 1 3 2 5 5 5 0 

9432102 2 1 2 3 2 4 5 1 

9432102 1 1 2 3 2 4 5 1 

9453626 2 2 2 3 3 3 3 1 

9453626 1 1 2 3 3 3 3 1 

9456233 2 3 2 2 2 5 5 1 

9456233 1 3 2 2 2 5 5 1 

9458868 2 2 3 3 5 3 4 1 

9458868 1 1 3 3 5 3 4 1 

9503434 2 2 1 2 2 4 5 0 

9503434 1 1 1 2 2 4 5 0 

9528955 2 2 3 1 2 5 5 3 

9528955 1 2 3 1 2 5 5 3 

9532533 2 0 2 2 2 5 5 0 

9532533 1 0 2 2 2 5 5 0 

9537090 2 1 2 3 2 4 4 0 
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9537090 1 1 2 3 2 4 4 0 

9560965 2 2 3 2 2 5 5 0 

9560965 1 2 3 2 2 5 5 0 

9562591 2 1 2 2 3 5 5 0 

9562591 1 1 2 2 3 5 5 0 

9569715 2 1 1 2 1 4 5 2 

9569715 1 0 1 2 1 4 5 2 

9590145 2 1 1 4 3 3 5 0 

9590145 1 1 1 4 3 3 5 0 

9590485 2 1 4 3 4 2 3 2 

9590485 1 2 4 3 4 2 3 2 

9637676 2 1 4 3 4 3 2 1 

9637676 1 2 4 3 4 3 2 1 

9640473 2 1 3 2 4 5 5 1 

9640473 1 1 3 2 4 5 5 1 

9646958 2 1 2 2 2 5 5 1 

9646958 1 2 2 2 2 5 5 1 

9651949 2 1 3 4 4 4 4 2 

9651949 1 2 3 4 4 4 4 2 

9659472 2 1 1 1 1 5 5 0 

9659472 1 1 1 1 1 5 5 0 

9659956 2 3 2 2 4 4 5 1 

9659956 1 1 2 2 4 4 5 1 

9660607 2 1 2 1 2 5 5 1 

9660607 1 1 2 1 2 5 5 1 

9664468 2 1 1 2 2 5 5 1 

9664468 1 2 1 2 2 5 5 1 

9669143 2 1 2 2 3 4 5 2 

9669143 1 0 2 2 3 4 5 2 

9676235 2 2 1 2 2 4 5 0 

9676235 1 2 1 2 2 4 5 0 

9680344 2 1 3 2 3 4 4 2 

9680344 1 1 3 2 3 4 4 2 

9682254 2 1 3 1 3 5 5 0 

9682254 1 2 3 1 3 5 5 0 

9690658 2 3 3 2 3 5 5 2 

9690658 1 1 3 2 3 5 5 2 

9695430 2 2 4 4 5 4 5 0 

9695430 2 2 4 4 5 4 5 0 

9695430 1 2 4 4 5 4 5 0 
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9695430 1 1 4 4 5 4 5 0 

9699340 2 1 2 2 2 5 5 0 

9699340 2 1 2 2 2 5 5 0 

9699340 1 1 2 2 2 5 5 0 

9699340 1 0 2 2 2 5 5 0 

9704858 2 1 3 3 4 4 5 1 

9704858 2 2 3 3 4 4 5 1 

9704858 1 1 3 3 4 4 5 1 

9712471 2 2 2 1 2 4 5 1 

9712471 1 1 2 1 2 4 5 1 

9714996 2 2 2 2 2 4 5 0 

9714996 1 2 2 2 2 4 5 0 

9719999 2 1 1 2 2 5 5 0 

9993650 2 2 2 2 2 5 5 0 

9993650 1 1 2 2 2 5 5 0 

9978026 2 1 3 2 2 5 5 1 

9978026 1 1 3 2 2 5 5 1 

9967728 2 2 4 4 4 4 2 4 

9967728 1 2 4 4 4 4 2 4 

9954040 2 1 3 2 3 4 5 0 

9954040 1 1 3 2 3 4 5 0 

9937239 2 2 2 2 2 3 4 1 

9937239 1 2 2 2 2 3 4 1 

9929102 2 1 2 3 3 4 4 1 
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Table 3. CAOS grade assessments and related OAI variable outcome scores for WPRKN2, 

WPRKN3, WPRKN4, WPRKN5, and KSXRKN1. 

 

Patient ID Side Degree WPRKN2 WPRKN3 WPRKN4 WPRKN5 KSXRKN1 

9212530 2 3 1 0 1 1 0 

9225592 1 1 1 0 0 0 0 

9309170 2 3 2 0 0 0 1 

9309170 1 3 2 0 0 0 1 

9355648 2 2 2 0 0 0 1 

9355648 1 2 2 0 0 0 1 

9361974 2 3 1 0 0 0 0 

9361974 1 2 1 0 0 0 0 

9384158 2 1 1 0 0 0 0 

9384158 1 1 1 0 0 0 0 

9396242 2 1 1 0 0 1 0 

9396242 1 1 1 0 0 1 0 

9402960 2 3 0 0 0 0 0 

9402960 1 0 0 0 0 0 0 

9416381 2 1 2 0 1 1 0 

9416381 1 1 2 0 1 1 0 

9423008 2 1 0 2 2 2 0 

9423008 1 1 0 2 2 2 0 

9453626 2 2 0 0 0 0 0 

9453626 1 1 0 0 0 0 0 

9456233 2 3 3 0 0 2 1 

9456233 1 3 3 0 0 2 1 

9458868 2 2 2 1 1 1 0 

9458868 1 1 2 1 1 1 0 

9503434 2 2 0 0 0 0 0 

9503434 1 1 0 0 0 0 0 

9528955 2 2 1 3 3 1 0 

9528955 1 2 1 3 3 1 0 

9532533 2 0 0 0 0 0 0 

9532533 1 0 0 0 0 0 0 

9537090 2 1 0 0 0 0 0 

9537090 1 1 0 0 0 0 0 

9560965 2 2 2 0 0 1 0 

9560965 1 2 2 0 0 1 0 

9562591 2 1 1 0 0 1 0 
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9562591 1 1 1 0 0 1 0 

9569715 2 1 3 0 0 0 2 

9569715 1 0 3 0 0 0 2 

9590145 2 1 1 0 0 0 0 

9590145 1 1 1 0 0 0 0 

9590485 2 1 3 1 1 1 2 

9590485 1 2 3 1 1 1 2 

9637676 2 1 1 0 0 1 1 

9637676 1 2 1 0 0 1 1 

9640473 2 1 1 3 3 0 0 

9640473 1 1 1 3 3 0 0 

9646958 2 1 1 1 1 1 1 

9646958 1 2 1 1 1 1 1 

9651949 2 1 3 0 0 2 0 

9651949 1 2 3 0 0 2 0 

9659472 2 1 0 0 0 0 0 

9659472 1 1 0 0 0 0 0 

9659956 2 3 1 0 0 1 0 

9659956 1 1 1 0 0 1 0 

9660607 2 1 1 0 1 1 3 

9660607 1 1 1 0 1 1 3 

9664468 2 1 2 1 2 1 0 

9664468 1 2 2 1 2 1 0 

9669143 2 1 0 2 2 2 0 

9669143 1 0 0 2 2 2 0 

9676235 2 2 0 0 0 0 0 

9676235 1 2 0 0 0 0 0 

9680344 2 1 2 1 2 1 3 

9680344 1 1 2 1 2 1 3 

9682254 2 1 2 2 2 0 0 

9682254 1 2 2 2 2 0 0 

9690658 2 3 3 0 0 0 2 

9690658 1 1 3 0 0 0 2 

9695430 2 2 1 0 0 0 0 

9695430 2 2 1 0 0 0 0 

9695430 1 2 1 0 0 0 0 

9695430 1 1 1 0 0 0 0 

9699340 2 1 1 0 0 0 0 

9699340 2 1 1 0 0 0 0 

9699340 1 1 1 0 0 0 0 
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9699340 1 0 1 0 0 0 0 

9704858 2 1 1 1 1 2 0 

9704858 2 2 1 1 1 2 0 

9704858 1 1 1 1 1 2 0 

9712471 2 2 1 1 1 1 0 

9712471 1 1 1 1 1 1 0 

9714996 2 2 0 0 0 0 0 

9714996 1 2 0 0 0 0 0 

9719999 2 1 1 0 0 0 0 

9993650 2 2 0 0 0 0 0 

9993650 1 1 0 0 0 0 0 

9978026 2 1 2 1 1 1 0 

9978026 1 1 2 1 1 1 0 

9967728 2 2 3 0 0 1 2 

9967728 1 2 3 0 0 1 2 

9954040 2 1 0 0 0 0 0 

9954040 1 1 0 0 0 0 0 

9937239 2 2 1 1 0 1 0 

9937239 1 2 1 1 0 1 0 

9929102 2 1 1 0 1 1 0 

9929102 1 1 1 0 1 1 0 

9996865 1 3 1 2 0 0 0 

9907909 2 1 1 0 0 0 0 

9907909 1 1 1 0 0 0 0 
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Table 4. CAOS grade assessments and related OAI variable outcome scores for DIRKN2, 

DIRKN3, DIRKN4, DIRKN5, DIRKN6, and DIRKN8. 

 

Patient ID Side Degree DIRKN2 DIRKN3 DIRKN4 DIRKN5 DIRKN6 DIRKN8 

9212530 2 3 0 1 0 0 0 0 

9225592 1 1 0 0 0 0 0 0 

9309170 2 3 1 1 0 2 0 0 

9309170 1 3 1 1 0 2 0 0 

9355648 2 2 1 2 0 2 0 0 

9355648 1 2 1 2 0 2 0 0 

9361974 2 3 1 1 0 1 0 0 

9361974 1 2 1 1 0 1 0 0 

9384158 2 1 0 1 0 2 0 0 

9384158 1 1 0 1 0 2 0 0 

9396242 2 1 1 2 1 0 0 0 

9396242 1 1 1 2 1 0 0 0 

9402960 2 3 0 0 0 0 0 0 

9402960 1 0 0 0 0 0 0 0 

9416381 2 1 2 2 1 2 1 1 

9416381 1 1 2 2 1 2 1 1 

9423008 2 1 0 1 1 0 0 0 

9423008 1 1 0 1 1 0 0 0 

9432102 2 1 1 1 0 1 1 1 

9432102 1 1 1 1 0 1 1 1 

9453626 2 2 0 0 0 0 1 0 

9453626 1 1 0 0 0 0 1 0 

9456233 2 3 1 2 1 2 1 1 

9456233 1 3 1 2 1 2 1 1 

9458868 2 2 2 2 1 2 1 2 

9458868 1 1 2 2 1 2 1 2 

9503434 2 2 0 0 0 0 0 0 

9503434 1 1 0 0 0 0 0 0 

9528955 2 2 0 2 0 0 2 2 

9528955 1 2 0 2 0 0 2 2 

9532533 2 0 0 0 0 0 0 0 

9532533 1 0 0 0 0 0 0 0 

9537090 2 1 0 0 0 0 0 0 

9537090 1 1 0 0 0 0 0 0 

9560965 2 2 2 2 1 3 0 1 
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9560965 1 2 2 2 1 3 0 1 

9562591 2 1 1 0 1 1 0 1 

9562591 1 1 1 0 1 1 0 1 

9569715 2 1 1 3 1 2 2 2 

9569715 1 0 1 3 1 2 2 2 

9590145 2 1 0 0 0 0 0 0 

9590145 1 1 0 0 0 0 0 0 

9590485 2 1 1 1 1 2 1 2 

9590485 1 2 1 1 1 2 1 2 

9637676 2 1 1 2 0 2 0 2 

9637676 1 2 1 2 0 2 0 2 

9640473 2 1 1 0 0 0 0 2 

9640473 1 1 1 0 0 0 0 2 

9646958 2 1 1 0 0 1 0 0 

9646958 1 2 1 0 0 1 0 0 

9651949 2 1 2 1 1 2 2 2 

9651949 1 2 2 1 1 2 2 2 

9659472 2 1 0 0 0 0 0 0 

9659472 1 1 0 0 0 0 0 0 

9659956 2 3 1 1 0 1 1 1 

9659956 1 1 1 1 0 1 1 1 

9660607 2 1 1 1 1 3 1 1 

9660607 1 1 1 1 1 3 1 1 

9664468 2 1 2 1 1 2 1 1 

9664468 1 2 2 1 1 2 1 1 

9669143 2 1 1 1 2 1 2 1 

9669143 1 0 1 1 2 1 2 1 

9676235 2 2 0 0 0 0 0 0 

9676235 1 2 0 0 0 0 0 0 

9680344 2 1 2 1 1 0 2 2 

9680344 1 1 2 1 1 0 2 2 

9682254 2 1 1 1 0 1 0 0 

9682254 1 2 1 1 0 1 0 0 

9690658 2 3 3 1 0 1 2 3 

9690658 1 1 3 1 0 1 2 3 

9695430 2 2 1 1 0 1 0 0 

9695430 2 2 1 1 0 1 0 0 

9695430 1 2 1 1 0 1 0 0 

9695430 1 1 1 1 0 1 0 0 

9699340 2 1 0 1 0 0 0 0 
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9699340 2 1 0 1 0 0 0 0 

9699340 1 1 0 1 0 0 0 0 

9699340 1 0 0 1 0 0 0 0 

9704858 2 1 0 0 0 0 0 0 

9704858 2 2 0 0 0 0 0 0 

9704858 1 1 0 0 0 0 0 0 

9712471 2 2 0 1 0 1 0 1 

9712471 1 1 0 1 0 1 0 1 

9714996 2 2 0 0 0 0 0 0 

9714996 1 2 0 0 0 0 0 0 

9719999 2 1 0 0 0 0 0 0 

9993650 2 2 0 0 0 1 0 0 

9993650 1 1 0 0 0 1 0 0 

9978026 2 1 0 0 0 0 0 0 

9978026 1 1 0 0 0 0 0 0 

9967728 2 2 1 1 0 0 1 1 

9967728 1 2 1 1 0 0 1 1 

9954040 2 1 2 2 0 2 0 0 

9954040 1 1 2 2 0 2 0 0 

9937239 2 2 1 1 1 1 1 1 

9937239 1 2 1 1 1 1 1 1 

9929102 2 1 0 1 0 2 0 0 

9929102 1 1 0 1 0 2 0 0 

9917307 2 2 1 1 1 2 1 1 

 

 

 

 

 

 

 

 

 

 

 

 

 



198 

 

Table 6. CAOS grade assessments and related OAI variable outcome scores for DIRKN7, 

DIRKN9, DIRKN10, DIRKN11, DIRKN12, and DIRKN13. 

 

Patient ID Side Degree DIRKN7 DIRKN9 DIRKN10 DIRKN11 DIRKN12 DIRKN13 

9309170 2 3 1 1 1 1 0 1 

9309170 1 3 1 1 1 1 0 1 

9355648 2 2 2 0 1 0 0 0 

9355648 1 2 2 0 1 0 0 0 

9361974 2 3 0 0 0 0 0 0 

9361974 1 2 0 0 0 0 0 0 

9396242 2 1 0 1 1 1 0 0 

9396242 1 1 0 1 1 1 0 0 

9402960 2 3 0 0 0 0 0 0 

9402960 1 0 0 0 0 0 0 0 

9416381 2 1 1 2 2 2 1 1 

9416381 1 1 1 2 2 2 1 1 

9423008 2 1 1 0 0 0 1 0 

9423008 1 1 1 0 0 0 1 0 

9453626 2 2 0 0 0 0 0 0 

9453626 1 1 0 0 0 0 0 0 

9458868 2 2 1 1 1 1 0 1 

9458868 1 1 1 1 1 1 0 1 

9503434 2 2 0 0 0 0 0 0 

9503434 1 1 0 0 0 0 0 0 

9528955 2 2 3 1 3 1 3 2 

9528955 1 2 3 1 3 1 3 2 

9532533 2 0 0 0 0 0 0 0 

9532533 1 0 0 0 0 0 0 0 

9537090 2 1 0 0 0 0 0 0 

9537090 1 1 0 0 0 0 0 0 

9562591 2 1 0 0 1 0 0 0 

9562591 1 1 0 0 1 0 0 0 

9637676 2 1 1 1 1 1 0 1 

9637676 1 2 1 1 1 1 0 1 

9640473 2 1 1 0 0 0 2 0 

9640473 1 1 1 0 0 0 2 0 

9651949 2 1 2 3 0 0 0 0 

9651949 1 2 2 3 0 0 0 0 

9659472 2 1 0 0 0 0 0 0 
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9659472 1 1 0 0 0 0 0 0 

9660607 2 1 2 1 1 1 0 1 

9660607 1 1 2 1 1 1 0 1 

9676235 2 2 0 0 0 0 0 0 

9676235 1 2 0 0 0 0 0 0 

9680344 2 1 2 1 1 2 1 1 

9680344 1 1 2 1 1 2 1 1 

9682254 2 1 1 0 1 0 1 1 

9682254 1 2 1 0 1 0 1 1 

9704858 2 1 0 0 0 0 0 0 

9704858 2 2 0 0 0 0 0 0 

9704858 1 1 0 0 0 0 0 0 

9712471 2 2 1 0 0 0 1 1 

9712471 1 1 1 0 0 0 1 1 

9714996 2 2 0 0 1 0 0 0 

9714996 1 2 0 0 1 0 0 0 

9719999 2 1 0 0 0 0 0 0 

9978026 2 1 0 0 0 0 0 0 

9978026 1 1 0 0 0 0 0 0 

9954040 2 1 2 0 2 2 0 2 

9954040 1 1 2 0 2 2 0 2 

9929102 2 1 1 0 1 0 0 0 

9929102 1 1 1 0 1 0 0 0 

9917307 2 2 2 1 1 1 1 1 

9917307 1 2 2 1 1 1 1 1 

9996865 1 3 0 0 0 0 0 0 

9905863 2 1 1 0 1 0 0 0 

9905863 1 1 1 0 1 0 0 0 

9870569 2 2 0 0 0 0 0 0 

9870569 1 2 0 0 0 0 0 0 

9857555 2 1 1 2 0 1 1 1 

9857555 1 0 1 2 0 1 1 1 

9041946 1 1 0 0 0 0 0 0 

9075815 2 3 2 1 1 1 1 1 

9075815 1 3 2 1 1 1 1 1 

9118430 2 2 2 2 2 2 1 2 

9118430 1 2 2 2 2 2 1 2 

9157758 2 0 2 2 1 1 1 2 

9157758 1 0 2 2 1 1 1 2 

9204055 2 1 2 2 2 2 0 2 
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9204055 1 3 2 2 2 2 0 2 

9262506 2 2 1 0 1 0 0 0 

9262506 1 2 1 0 1 0 0 0 

9273362 2 0 3 1 1 1 1 2 

9273362 1 0 3 1 1 1 1 2 

9299944 2 1 0 0 0 0 0 0 

9299944 1 1 0 0 0 0 0 0 

9635177 2 2 0 0 0 1 1 0 

9635177 1 1 0 0 0 1 1 0 

9439411 2 1 0 0 0 0 0 0 

9439411 1 0 0 0 0 0 0 0 

9435421 2 1 1 0 1 1 0 0 

9435421 1 1 1 0 1 1 0 0 

9427002 2 1 0 0 0 0 0 0 

9427002 1 1 0 0 0 0 0 0 

9422381 2 2 1 1 0 0 2 1 

9422381 1 3 1 1 0 0 2 1 

9421281 2 0 0 0 0 0 0 0 

9421281 1 0 0 0 0 0 0 0 

9363979 2 1 1 0 0 0 0 0 

9363979 1 1 1 0 0 0 0 0 

9356305 2 2 1 1 1 1 1 1 

9356305 1 2 1 1 1 1 1 1 

9314056 2 0 1 0 1 0 2 2 
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Table 7. CAOS grade assessments and related OAI variable outcome scores for DIRKN14, 

DIRKN15, DIRKN16, DIRKN17, and WPLKN1. 

 

Patient ID Side Degree DIRKN14 DIRKN15 DIRKN16 DIRKN17 WPLKN1 

9212530 2 3 0 0 1 0 1 

9225592 1 1 0 0 0 0 1 

9309170 2 3 0 2 2 1 1 

9309170 1 3 0 2 2 1 1 

9355257 2 0 0 0 1 0 1 

9355257 1 1 0 0 1 0 1 

9355648 2 2 0 0 2 0 0 

9355648 1 2 0 0 2 0 0 

9361974 2 3 0 0 0 0 0 

9361974 1 2 0 0 0 0 0 

9384158 2 1 0 1 1 0 1 

9384158 1 1 0 1 1 0 1 

9396242 2 1 0 1 1 0 0 

9396242 1 1 0 1 1 0 0 

9402960 2 3 0 0 0 0 0 

9402960 1 0 0 0 0 0 0 

9416381 2 1 1 2 2 2 2 

9416381 1 1 1 2 2 2 2 

9423008 2 1 1 0 0 0 0 

9423008 1 1 1 0 0 0 0 

9432102 2 1 0 1 1 1 0 

9432102 1 1 0 1 1 1 0 

9453626 2 2 0 0 0 0 2 

9453626 1 1 0 0 0 0 2 

9456233 2 3 0 1 2 1 0 

9456233 1 3 0 1 2 1 0 

9458868 2 2 1 1 2 1 2 

9458868 1 1 1 1 2 1 2 

9503434 2 2 0 0 0 0 0 

9503434 1 1 0 0 0 0 0 

9528955 2 2 2 3 1 1 2 

9528955 1 2 2 3 1 1 2 

9537090 2 1 0 0 0 0 2 

9537090 1 1 0 0 0 0 2 

9560965 2 2 1 1 2 1 0 
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9560965 1 2 1 1 2 1 0 

9562591 2 1 0 0 1 0 0 

9562591 1 1 0 0 1 0 0 

9569715 2 1 1 1 2 1 3 

9569715 1 0 1 1 2 1 3 

9590145 2 1 0 0 0 0 0 

9590145 1 1 0 0 0 0 0 

9637676 2 1 0 1 3 2 0 

9637676 1 2 0 1 3 2 0 

9646958 2 1 0 0 1 0 0 

9646958 1 2 0 0 1 0 0 

9651949 2 1 0 0 0 0 0 

9651949 1 2 0 0 0 0 0 

9659472 2 1 0 0 0 0 1 

9659472 1 1 0 0 0 0 1 

9659956 2 3 0 1 1 1 1 

9659956 1 1 0 1 1 1 1 

9660607 2 1 1 1 1 1 0 

9660607 1 1 1 1 1 1 0 

9664468 2 1 2 2 1 1 0 

9664468 1 2 2 2 1 1 0 

9669143 2 1 1 0 1 1 1 

9669143 1 0 1 0 1 1 1 

9676235 2 2 0 0 0 0 0 

9676235 1 2 0 0 0 0 0 

9682254 2 1 0 2 1 1 0 

9682254 1 2 0 2 1 1 0 

9695430 2 2 0 1 1 1 2 

9695430 2 2 0 1 1 1 2 

9695430 1 2 0 1 1 1 2 

9695430 1 1 0 1 1 1 2 

9699340 2 1 0 0 0 0 0 

9699340 2 1 0 0 0 0 0 

9699340 1 1 0 0 0 0 0 

9699340 1 0 0 0 0 0 0 

9704858 2 1 0 0 0 0 3 

9704858 2 2 0 0 0 0 3 

9704858 1 1 0 0 0 0 3 

9712471 2 2 1 1 1 0 2 

9712471 1 1 1 1 1 0 2 
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9714996 2 2 0 0 0 0 2 

9714996 1 2 0 0 0 0 2 

9719999 2 1 0 0 0 0 0 

9993650 2 2 0 1 1 0 0 

9993650 1 1 0 1 1 0 0 

9978026 2 1 0 0 0 0 2 

9978026 1 1 0 0 0 0 2 

9967728 2 2 0 0 1 0 0 

9967728 1 2 0 0 1 0 0 

9954040 2 1 0 0 2 0 0 

9954040 1 1 0 0 2 0 0 

9937239 2 2 0 0 1 1 2 

9937239 1 2 0 0 1 1 2 

9929102 2 1 1 1 1 0 0 

9929102 1 1 1 1 1 0 0 

9917307 2 2 1 1 1 1 1 

9917307 1 2 1 1 1 1 1 

9907909 2 1 0 0 0 0 1 

9907909 1 1 0 0 0 0 1 

9905863 2 1 1 0 0 0 1 

9905863 1 1 1 0 0 0 1 

9883715 2 2 1 1 1 0 0 

9883715 1 1 1 1 1 0 0 

9870569 2 2 0 0 0 0 0 
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Table 8. CAOS grade assessments and related OAI variable outcome scores for KQOL2, 

KQOL3, KQOL4, WOMTSL, and WOMSTFL. 

 

Patient ID Side Degree KQOL2 KQOL3 KQOL4 WOMTSL WOMSTFL 

9212530 2 3 1 1 1 28.25 3 

9225592 1 1 3 0 0 12.4 4 

9309170 2 3 0 1 2 26 4 

9309170 1 3 0 1 2 26 4 

9355257 2 0 2 0 2 6.892857143 2 

9355257 1 1 2 0 2 6.892857143 2 

9355648 2 2 2 0 2 0 0 

9355648 1 2 2 0 2 0 0 

9361974 2 3 1 1 1 4 0 

9361974 1 2 1 1 1 4 0 

9384158 2 1 4 1 1 20.9375 2 

9384158 1 1 4 1 1 20.9375 2 

9396242 2 1 2 2 1 17 2 

9396242 1 1 2 2 1 17 2 

9402960 2 3 0 1 1 6 2 

9402960 1 0 0 1 1 6 2 

9416381 2 1 2 2 2 36 4 

9416381 1 1 2 2 2 36 4 

9423008 2 1 3 2 1 9 1 

9423008 1 1 3 2 1 9 1 

9432102 2 1 1 1 1 0 0 

9432102 1 1 1 1 1 0 0 

9453626 2 2 2 1 2 30 2 

9453626 1 1 2 1 2 30 2 

9456233 2 3 1 2 2 8.375 1 

9456233 1 3 1 2 2 8.375 1 

9458868 2 2 4 4 2 49 4 

9458868 1 1 4 4 2 49 4 

9503434 2 2 1 1 1 5 2 

9503434 1 1 1 1 1 5 2 

9528955 2 2 0 0 2 16 4 

9528955 1 2 0 0 2 16 4 

9532533 2 0 1 0 1 0 0 

9532533 1 0 1 0 1 0 0 

9537090 2 1 2 2 1 13 3 
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9537090 1 1 2 2 1 13 3 

9560965 2 2 4 2 2 26.375 1 

9560965 1 2 4 2 2 26.375 1 

9562591 2 1 1 1 1 12 2 

9562591 1 1 1 1 1 12 2 

9569715 2 1 1 1 2 41.625 5 

9569715 1 0 1 1 2 41.625 5 

9590145 2 1 0 0 1 3 2 

9590145 1 1 0 0 1 3 2 

9590485 2 1 4 3 3 5.1875 1 

9590485 1 2 4 3 3 5.1875 1 

9637676 2 1 3 2 2 13 1 

9637676 1 2 3 2 2 13 1 

9640473 2 1 3 1 1 4.1875 0 

9640473 1 1 3 1 1 4.1875 0 

9646958 2 1 2 2 1 1 1 

9646958 1 2 2 2 1 1 1 

9651949 2 1 3 1 2 16.625 2 

9651949 1 2 3 1 2 16.625 2 

9659472 2 1 0 0 1 8 1 

9659472 1 1 0 0 1 8 1 

9659956 2 3 0 1 1 16.75 2 

9659956 1 1 0 1 1 16.75 2 

9660607 2 1 2 0 2 12 2 

9660607 1 1 2 0 2 12 2 

9664468 2 1 3 3 3 0 0 

9664468 1 2 3 3 3 0 0 

9669143 2 1 0 1 1 21.75 3 

9669143 1 0 0 1 1 21.75 3 

9676235 2 2 0 0 0 0 0 

9676235 1 2 0 0 0 0 0 

9680344 2 1 2 2 2 1 0 

9680344 1 1 2 2 2 1 0 

9682254 2 1 1 1 0 24 1 

9682254 1 2 1 1 0 24 1 

9690658 2 3 4 2 2 0 0 

9690658 1 1 4 2 2 0 0 

9695430 2 2 3 4 3 29.3125 2 

9695430 2 2 3 4 3 29.3125 2 

9695430 1 2 3 4 3 29.3125 2 
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9695430 1 1 3 4 3 29.3125 2 

9699340 2 1 1 0 1 3 2 

9699340 2 1 1 0 1 3 2 

9699340 1 1 1 0 1 3 2 

9699340 1 0 1 0 1 3 2 

9704858 2 1 0 2 2 54 4 

9704858 2 2 0 2 2 54 4 

9704858 1 1 0 2 2 54 4 

9712471 2 2 1 0 2 26 3 

9712471 1 1 1 0 2 26 3 

9714996 2 2 1 1 2 40 5 

9714996 1 2 1 1 2 40 5 

9719999 2 1 1 2 1 0 0 

9993650 2 2 1 0 1 5.25 1 

9993650 1 1 1 0 1 5.25 1 

9978026 2 1 3 2 2 51.9375 5 

9978026 1 1 3 2 2 51.9375 5 

9967728 2 2 4 3 2 10.25 4 

9967728 1 2 4 3 2 10.25 4 

9954040 2 1 0 2 2 22 4 

9954040 1 1 0 2 2 22 4 

9937239 2 2 0 1 1 35.25 4 

9937239 1 2 0 1 1 35.25 4 

9929102 2 1 0 1 1 11 2 
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Appendix F: Examples of frequency distributions used to 

compile probabilities 

Table 1. Frequency distributions by CAOS grade for best outcome (0) and worst outcome (3) 

for OAI variable Dirkn 1, right knee difficulty: down stairs, last 7 days. 

 

 

 

 

 

 

 

 

 

  

Figure 1. Frequency distributions by CAOS grade for best outcome (0) and worst outcome 

(3) for OAI variable Dirkn 1, right knee difficulty: down stairs, last 7 days. 
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 Dirkn 1 - Outcome 

CAOS Grade 0 = best 3 = worst 

0 69 35 

1 25 27 

2 6 12 

3 0 27 

4 0 0 



208 

 

Table 2. Frequency distributions by CAOS grade for best outcome (0) and worst outcome (3) 

for OAI variable Dirkn 2, right knee difficulty: up stairs, last 7 days. 

 

 Dirkn 2 - Outcome 

CAOS Grade 0 = best 3 = worst 

0 57 27 

1 33 42 

2 10 15 

3 0 15 

4 0 0 

 

 

 

Figure 2. Frequency distributions by CAOS grade for best outcome (0) and worst outcome 

(3) for OAI variable Dirkn 2, right knee difficulty: up stairs, last 7 days. 
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Table 3. Frequency distributions by CAOS grade for best outcome (0) and worst outcome (3) 

for OAI variable Dirkn 3, right knee difficulty: stand from sitting, last 7 days. 

 

 Dirkn 3 - Outcome 

CAOS Grade 0 = best 3 = worst 

0 54 12 

1 36 46 

2 8 35 

3 1 8 

4 0 0 

 

 

 

 

Figure 3. Frequency distributions by CAOS grade for best outcome (0) and worst outcome 

(3) for OAI variable Dirkn 3, right knee difficulty: stand from sitting, last 7 days. 

 

0 

10 

20 

30 

40 

50 

60 

0 1 2 3 4 

Fr
e

q
u

e
n

cy
 

 

CAOS Grade 

Dirkn 3 - 0 

Dirkn 3 - 3 



210 

 

Table 4. Frequency distributions by CAOS grade for best outcome (0) and worst outcome (3) 

for OAI variable Dirkn 4, right knee difficulty: standing, last 7 days. 

 

 Dirkn 4 - Outcome 

CAOS Grade 0 = best 3 = worst 

0 69 46 

1 28 31 

2 3 15 

3 0 4 

4 0 4 

 

 

 

Figure 4. Frequency distributions by CAOS grade for best outcome (0) and worst outcome 

(3) for OAI variable Dirkn 4, right knee difficulty: standing, last 7 days. 
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Table 5. Frequency distributions by CAOS grade for best outcome (0) and worst outcome (3) 

for OAI variable Dirkn 5, right knee difficulty: bending, last 7 days. 

 

 Dirkn 5 - Outcome 

CAOS Grade 0 = best 3 = worst 

0 69 24 

1 19 29 

2 12 29 

3 0 14 

4 0 5 

 

 

 

Figure 5. Frequency distributions by CAOS grade for best outcome (0) and worst outcome 

(3) for OAI variable Dirkn 5, right knee difficulty: bending, last 7 days. 
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Table 6. Frequency distributions by CAOS grade for best outcome (0) and worst outcome (3) 

for OAI variable Dirkn 6, right knee difficulty: walking, last 7 days. 

 

 Dirkn 6 - Outcome 

CAOS Grade 0 = best 3 = worst 

0 79 42 

1 18 23 

2 3 31 

3 0 4 

4 0 0 

 

 

 

Figure 6. Frequency distributions by CAOS grade for best outcome (0) and worst outcome 

(3) for OAI variable Dirkn 6, right knee difficulty: walking, last 7 days. 
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Table 7. Frequency distributions by CAOS grade for best outcome (0) and worst outcome (3) 

for OAI variable Dirkn 7, right knee difficulty: in car/out of car, last 7 days. 

 

 Dirkn 7 - Outcome 

CAOS Grade 0 = best 3 = worst 

0 59 27 

1 28 27 

2 12 31 

3 1 15 

4 0 0 

 

 

 

Figure 7. Frequency distributions by CAOS grade for best outcome (0) and worst outcome 

(3) for OAI variable Dirkn 7, right knee difficulty: in car/out of car, last 7 days. 
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Table 8. Frequency distributions by CAOS grade for best outcome (0) and worst outcome (3) 

for OAI variable Dirkn 8, right knee difficulty: shopping, last 7 days. 

 

 Dirkn 8 - Outcome 

CAOS Grade 0 = best 3 = worst 

0 69 38 

1 28 27 

2 3 15 

3 0 19 

4 0 0 

 

 

 

Figure 8. Frequency distributions by CAOS grade for best outcome (0) and worst outcome 

(3) for OAI variable Dirkn 8, right knee difficulty: shopping, last 7 days. 
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Table 9. Frequency distributions by CAOS grade for best outcome (0) and worst outcome (3) 

for OAI variable Dirkn 9, right knee difficulty: socks on, last 7 days. 

 

 Dirkn 9 - Outcome 

CAOS Grade 0 = best 3 = worst 

0 82 35 

1 9 35 

2 9 19 

3 0 12 

4 0 0 

 

 

 

Figure 9. Frequency distributions by CAOS grade for best outcome (0) and worst outcome 

(3) for OAI variable Dirkn 9, right knee difficulty: socks on, last 7 days. 
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Table 10. Frequency distributions by CAOS grade for best outcome (0) and worst outcome 

(3) for OAI variable Dirkn 10, right knee difficulty: get out of bed, last 7 days. 

 

 Dirkn 10 - Outcome 

CAOS Grade 0 = best 3 = worst 

0 75 46 

1 21 23 

2 4 15 

3 0 15 

4 0 0 

 

 

 

Figure 10. Frequency distributions by CAOS grade for best outcome (0) and worst outcome 

(3) for OAI variable Dirkn 10, right knee difficulty: get out of bed, last 7 days. 
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Table 11. Frequency distributions by CAOS grade for best outcome (0) and worst outcome 

(3) for OAI variable Dirkn 11, right knee difficulty: socks off, last 7 days. 

 

 Dirkn 11 - Outcome 

CAOS Grade 0 = best 3 = worst 

0 84 46 

1 13 31 

2 3 12 

3 0 12 

4 0 0 

 

 

 

Figure 11. Frequency distributions by CAOS grade for best outcome (0) and worst outcome 

(3) for OAI variable Dirkn 11, right knee difficulty: socks off, last 7 days. 
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Table 12. Frequency distributions by CAOS grade for best outcome (0) and worst outcome 

(3) for OAI variable Dirkn 12, right knee difficulty: lying down, last 7 days. 

 

 Dirkn 12 - Outcome 

CAOS Grade 0 = best 3 = worst 

0 82 65 

1 12 15 

2 6 19 

3 0 0 

4 0 0 

 

 

 

Figure 12. Frequency distributions by CAOS grade for best outcome (0) and worst outcome 

(3) for OAI variable Dirkn 12, right knee difficulty: lying down, last 7 days. 

 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

0 1 2 3 4 

Fr
e

q
u

e
n

cy
 

 

CAOS Grade 

Dirkn 12 - 0 

Dirkn 12 - 3 



219 

 

Table 13. Frequency distributions by CAOS grade for best outcome (0) and worst outcome 

(3) for OAI variable Dirkn 13, right knee difficulty: get in/out of bathtub, last 7 days. 

 

 Dirkn 13 - Outcome 

CAOS Grade 0 = best 3 = worst 

0 70 39 

1 18 39 

2 12 11 

3 0 11 

4 0 0 

 

 

 

Figure 13. Frequency distributions by CAOS grade for best outcome (0) and worst outcome 

(3) for OAI variable Dirkn 13, right knee difficulty: get in/out of bathtub, last 7 days. 
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Table 14. Frequency distributions by CAOS grade for best outcome (0) and worst outcome 

(3) for OAI variable Dirkn 14, right knee difficulty: sitting, last 7 days. 

 

 Dirkn 14 - Outcome 

CAOS Grade 0 = best 3 = worst 

0 76 65 

1 19 12 

2 6 23 

3 0 0 

4 0 0 

 

 

 

Figure 14. Frequency distributions by CAOS grade for best outcome (0) and worst outcome 

(3) for OAI variable Dirkn 14, right knee difficulty: sitting, last 7 days. 
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Table 15. Frequency distributions by CAOS grade for best outcome (0) and worst outcome 

(3) for OAI variable Dirkn 15, right knee difficulty: on/off toilet, last 7 days. 

 

 Dirkn 15 – Outcome 

CAOS Grade 0 = best 3 = worst 

0 71 38 

1 21 27 

2 7 27 

3 0 8 

4 0 0 

 

 

 

Figure 15. Frequency distributions by CAOS grade for best outcome (0) and worst outcome 

(3) for OAI variable Dirkn 15, right knee difficulty: on/off toilet, last 7 days. 
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