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Abstract  

 

Title of Dissertation: Race and socioeconomic status as predictors of utilization and need for 

total knee arthroplasty for osteoarthritis: Data from the OsteoArthritis Initiative study 

 

Shannon L. O’Connor, Doctor of Philosophy, 2016 

 

Dissertation directed by: Marc Hochberg, M.D., M.P.H., Professor, Department of Medicine, 

University of Maryland, Baltimore (chair), Nancy Miller, Ph.D., M.A. Professor, School of 

Public Policy, University of Maryland, Baltimore County (co-chair), Laurence Magder, Ph.D., 

M.P.H., Professor, Epidemiology & Public Health, University of Maryland, Baltimore, Ann 

Gruber-Baldini, Ph.D., M.S., Professor, Epidemiology & Public Health, University of Maryland, 

Baltimore, and John Schumacher, Ph.D., M.A., M.A., Associate Professor, Department of 

Sociology & Anthropology, University of Maryland, Baltimore County   

 

Objective: Previous studies consistently report reduced rates of utilization of total knee 

arthroplasty (TKA) among black U.S. adults as compared with whites.  This study assessed 

whether differences in TKA utilization rates between blacks and whites persist after including 

estimates of socioeconomic status and theoretical candidacy for joint replacement surgery. This 

study also examined whether blacks and whites differ in rate of reaching candidacy for TKA, and 

whether socioeconomic factors are related to reaching VTKA.  

Methods: This study employed data from the OsteoArthritis Initiative study.  Study participants 

were black and white adults enrolled in the OAI study between the ages of 49 and 79 at baseline.  

Study aims were achieved using a discrete survival approach.  Cox-analogue proportional 



 
 

hazards models were employed using a log minus log link to produce hazard ratios specific to 

respective intervals between time points.  Models were fit using General Estimating Equations. 

  

Results: Results showed that blacks were significantly less likely to undergo total knee 

arthroplasty than whites, even after including estimates of baseline differences in BMI and 

number of comorbidities, baseline need for TKA, and socioeconomic status (education and 

income) (e^(β)=0.50, p=0.0016).  Individuals who met need for TKA criteria at baseline were 

significantly more likely to undergoing TKA than those who did not (e^(β)=8.25, p<0.0001).  

Results also revealed race not to be a significant predictor of reaching need for TKA after 

including estimates of baseline differences in BMI and number of comorbidities.  These findings 

persisted even with the inclusion of socioeconomic variables. 

 

Conclusions:  Findings confirmed that substantial racial differences in utilization of TKA exist.  

The inclusion of socioeconomic status measures accounted for only a small proportion of the 

difference between blacks and whites in terms of TKA utilization (e^(β)=0.41 versus 

e^(β)=0.50).   Racial differences in progression of knee OA to virtual TKA were also found, 

although race became non-significant after accounting for baseline differences in BMI  

categories (overweight and obese).  Results suggest that other factors not captured in this study 

differentially influence the rate of TKA utilization among black and white U.S. adults.  
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Chapter 1: Introduction 

Racial differences in utilization of total knee arthroplasty (TKA) among U.S. 

adults for the treatment of knee osteoarthritis (OA) have been well-established, with 

blacks consistently having a lower likelihood of undergoing TKA than whites (Ang, 

Monahan, & Crohan, 2008; Blum & Ibriham, 2012; Chen et al., 2013; Dunlop et al., 

2008; Hawkins et al., 2011; Singh et al., 2013).  These analyses aim to identify whether 

racial differences in utilization of TKA among white and black U.S. adults persist when 

accounting for need for TKA (reaching TKA candidacy) and socioeconomic factors 

(education and income).  They also aim to identify whether racial differences exist 

between whites and blacks in reaching “need for TKA”, or theoretical candidacy for TKA 

(also referred to as virtual total knee arthroplasty or VTKA), before and after accounting 

for differences in socioeconomic factors. Understanding whether socioeconomic factors 

impact utilization of and need for TKA among white and black U.S. adults will aid in the 

development of more effective public health programs to reduce racial differences in 

TKA utilization.   

Background 

OA is the most common form of arthritis, with 22.7% of U.S. adults reporting 

being given an OA diagnosis by a doctor (Barbour et al, 2013; Zeni, Axe, & Snyder-

Mackler, 2010).  Naturally, hospital admissions due to OA have increased rapidly in 

recent years, more than doubling between 1993 and 2006 (United States Bone and Joint 

Initiative, 2014).  In the U.S., the knee is more frequently affected by lower extremity OA 

than any other joint (Lawrence et al., 2008; Murphy et al., 2008). While knee OA is 

highly prevalent among older U.S adults (ages 65 years and older), recent studies indicate 
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that the prevalence of OA among younger adults (<65 years) has increased significantly 

(Kahn, Soheili, & Schwarzkopf, 2013; Sowers & Karvonen-Gutierrez, 2010; Zeni, Axe, 

& Snyder-Mackler, 2010).   

Currently, no pharmacological treatments exist that target the underlying cause of 

OA, the structural decline of the cartilage and tissues of the knee joint (Brandt, 2004).  

However, TKA has been shown to be a highly efficacious and cost-effective treatment for 

knee OA (Vina et al., 2013).  Regarded as the “gold standard” treatment, TKA has been 

shown to offer significantly greater gains in quality of life as compared with other knee 

OA treatments (Vina et al., 2013). As a result, U.S. demand for TKA as a treatment for 

knee OA has risen dramatically in recent years; in fact, researchers estimate that by 2030, 

the annual number total knee replacements will exceed 3.5 million (Kahn, Soheili, & 

Schwarzkopf, 2013).   

Prior research has shown that significant differences exist between black and 

white U.S. adults in rates of TKA utilization for knee OA.  Subsequently, researchers 

have endeavored to identify the underlying causes leading to such disparate rates in 

utilization (Ang, Monahan, & Crohan, 2008; Blum & Ibriham, 2012; Chen et al., 2013; 

Dunlop et al., 2008; Hawkins et al., 2011; Singh et al., 2013).   

Although causal inferences may only be drawn from analyses of longitudinal data, 

associated costs of large, prospective studies are often prohibitive.  Moreover, as the 

natural progression of OA is slow, such studies require both a lengthy duration of follow-

up and a study sample containing a sufficient number of participants in each subgroup to 

allow researchers to calculate reliable estimates of TKA utilization rates across race 

(Maynard, 2012).  Few studies conducted in recent years have employed data which 
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capture both high-quality knee imaging data, and the wide range of clinical, 

demographic, and socioeconomic measures that may influence participants’ likelihood of 

needing and receiving a TKA.  These limitations prohibit researchers’ ability both to 

identify potential additive or synergistic effects on utilization, as well as to make causal 

inferences regarding factors that may differentially affect utilization across race (Chen et 

al., 2013; Haider et al., 2013).   

Previous studies measuring racial disparities in TKA utilization rates have not 

consistently defined what constitutes a disparity; as a result, findings of studies 

estimating trends in disparities over time may be unreliable (Le Cook, McGuire, & 

Zaslavsky, 2012).  The 2003 Institute of Medicine (IOM) Unequal Treatment report 

proposed the use of a standardized definition of racial disparities to address issues of 

reliability among future studies.  The IOM definition of disparity includes variances in 

health care services which are not attributable to differences in underlying health care 

needs or preferences of members of the groups, as well as differences resulting from 

unjust circumstances, such as bias or discrimination (Le Cook, McGuire, & Zaslavsky, 

2012).  Moreover, a distinction was articulated between differences in utilization due to 

unjust cause, such as impoverishment; those differences are considered a disparity (Le 

Cook, McGuire, & Zaslavsky, 2012).   

This study estimated differences (not disparities) in TKA utilization among white 

and black U.S. adults by examining the effect of factors predicting likelihood of 

undergoing TKA by black and white U.S. adults using eight years of prospective, 

observational data from the OsteoArthritis Initiative (OAI) study.  When employing the 

IOM definition of racial disparities, only differences in utilization of TKA by race could 
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be estimated using these data, as variables representing values and beliefs regarding TKA 

were not available.   

Results of these analyses address inconsistencies in the body of literature through 

an examination of the influence of socioeconomic factors on likelihood of receiving a 

TKA by race.  Moreover, this study tested the hypothesis that low socioeconomic status 

is associated with more rapid progression to need for TKA.  Previously, it was not 

possible to examine this hypothesis, as consensus among orthopedic specialists and 

rheumatologists had not been reached clinically significant endpoint criteria which were 

indicative of reaching candidacy for TKA.  To the researcher’s knowledge, this is the first 

study conducted that employed criteria for reaching candidacy for TKA, or virtual total 

knee arthroplasty (VTKA), as an outcome variable for the purpose of examining racial 

differences in progression to candidacy for TKA and the potential impact of 

socioeconomic factors on progression.  As the OAI study, from which analytic data 

samples were created, conducted an oversampling of minority participants, sufficient 

numbers of black and white participants were available to detect a significant difference 

in the likelihood of undergoing and needing TKA by race.  Further, the availability of 

data from a large, prospective, observational study permitted detection of potential 

confounding and/or effect modification.  

The analyses described herein are important for helping scientists and health 

professionals to better understand the causal mechanisms underlying racial differences in 

receipt of surgical treatment for knee OA among black and white U.S. adults (Weisfeld & 

Perlman, 2005).  Findings of the present study can aid in the development of targeted 
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interventions for eliminating racial differences in TKA utilization (Le Cook, McGuire, & 

Zaslavsky, 2012).     

Overview  

The primary goal of this study was to identify and estimate the effect of factors 

that predict utilization of TKA among black and white U.S. adults with or at high risk of 

symptomatic OA.  A secondary goal of this study was to determine whether 

socioeconomic factors influence the progression of need for TKA across race.  These 

aims were achieved by analyzing data from a large, prospective, observational study and 

by employing a discrete survival approach.  All participants in the OAI study either had 

or were at high risk of having symptomatic and/or radiographic features of knee OA at 

enrollment. 

Specific Aims and Hypotheses 

The primary aim of this study was to estimate the difference between blacks and 

whites with respect to likelihood of undergoing TKA, and to assess whether an observed 

difference in utilization was explained by differences in need for TKA and 

socioeconomic factors.  The researcher hypothesized, as consistent with results of 

previous studies, that blacks and whites would differ in the rate of knee replacement 

utilization, whereby blacks would be less likely to undergo knee replacement surgery.  It  

was also hypothesized that the observed difference between blacks and whites in 

utilization of TKA  would decrease in magnitude and/or become insignificant after 

including estimates of need for TKA and socioeconomic status (as measured by 

education and income variables). 
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A secondary aim of the present study was to determine whether blacks and whites 

differ with respect to reaching TKA candidacy, and to determine whether an observed 

difference in the rate of reaching candidacy (if one were found) between blacks and 

whites would be explained by differences in socioeconomic status. The researcher 

hypothesized that blacks and whites would differ in their likelihood of reaching 

candidacy for replacement, whereby blacks would have a greater likelihood of reaching 

candidacy.  It was also hypothesized that an observed difference between blacks and 

whites in reaching candidacy for TKA would decrease in magnitude and/or become 

insignificant after including estimates of indicators of socioeconomic status. 

Data and Participants  

The present study assessed the study aims using secondary data from The 

OsteoArthritis Initiative (OAI) study, a prospective, observational study of the 

development and progression of OA, sponsored by the National Institutes of Health 

(NIH) and the National Institute of Arthritis, Musculoskeletal, and Skin Diseases 

(NIAMS).  Data from the OAI study were collected between 2004 and 2016; as of July 

2016, data collection activities for the OAI study were on going.  OAI participants were 

enrolled at one of four clinical centers in the U.S.   

The OAI study enrolled 4,796 U.S. adults between the ages of 49 and 79 years.  

Participants must have either had symptomatic or radiographic OA, or have been at risk 

of developing OA at baseline.  At risk for knee OA was defined as meeting two or more 

eligibility risk factors for incident knee OA.  Individuals with inflammatory arthritis, end-

stage bilateral knee osteoarthritis, or previous bilateral knee replacement were excluded 

from the study.   
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Analytic Sample 

Analytic samples for the present study comprised OAI study data.  Analyses of 

rates of reaching TKA (Aim 1) included all black and white OAI study participants 

(N=4,486) at annual time points between baseline and 108 months (nine years of follow-

up).  Analyses of rates of reaching candidacy for TKA included black and white OAI 

study participants who had not yet met criteria for VTKA at baseline (N=4,180).  Aim 2 

analyses included data at annual time points between baseline and 48 months (four years 

of follow-up).     

Conceptual Framework 

A conceptual model which may be beneficial in elucidating mechanisms 

underlying differences in utilization of TKA across race is the Behavioral Model of 

Health Services Use.  Originally conceptualized by Ronald Andersen in the late 1960’s as 

part of his doctoral dissertation research, the Behavioral Model of Health Services Use 

was developed to better understand factors affecting families’ decisions to utilize health 

services and to aid researchers in defining and measuring equitable access to health care. 

While the model has been modified and adapted several times since its inception, its 

basic components may be beneficial in illuminating causal predictors related to racial 

differences in usage of health care services (Andersen, 1995).  The model asserts that an 

individual’s utilization of health services is a function of three factors: (1) their 

predisposition to utilize services, (2) the factors enabling or impeding utilization, and (3) 

their need for services (Andersen, 1995).  Potential predisposing characteristics include 

both ascribed demographic variables, such as age, race, and gender, as well as measures 
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of social structure (e.g., level of education).  Factors that may enable utilization include 

such variables as available income and health insurance coverage.   

Contribution of Research 

Predictors of utilization of TKA among U.S. adults have not been well studied, 

primarily, because of the unavailability of sufficient longitudinal biomarker data, leading 

to significant deficiencies in the body of literature (Nicholls, et al., 2012).  Longitudinal 

data offer inherent advantages over cross-sectional data, primarily, the capacity for 

extrapolation of causal inferences to the target population.  Data employed by this study 

represent the highest quality, objectively measured radiologic and biomarker knee OA 

data currently available to researchers for better understanding the factors affecting 

utilization of TKA and the progression of knee OA to candidacy for TKA.  These data 

allow for improved OA diagnostic and monitoring capabilities, which may also aid in 

fostering new preventive treatments. Moreover, as the progression of OA is slower than 

previously thought, extended observation of biomarkers of OA progression is necessary 

to detect true rates of reaching candidacy for TKA across race, which is only possible 

through the collection of longitudinal data over a prolonged period of follow up time, as 

was conducted by the OAI study (Maynard, 2012).  One of the primary goals of the OAI 

study was to develop a public-domain research resource to facilitate the scientific 

evaluation of biomarkers for OA as potential surrogate endpoints for disease onset and 

progression. Findings of this study can greatly improve scientific understanding of the 

relationship between race and socioeconomic status in need for TKA.   

Another benefit to the employment of OAI data for analyses of the present study 

is the inclusion of clinically significant end-points for analyses, which facilitate more 
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objective comparisons across subgroups of interest.  While previous studies have 

typically employed radiographic change or clinical severity scores as endpoints (Nicholls, 

et al., 2012), this study employs incidence of total knee replacement to examine the 

impact of race using data from the OAI study.  These data also span an extended age 

range (ages 49 to 79 at baseline) and include a sufficient number of black and white 

participants to allow for inferences across race to be drawn. Overall, the employment of 

data from the OAI study offers a vastly improved ability to examine remaining puzzles in 

the OA and TKA bodies of literature.     

Findings from this study provide valuable insights for researchers of OA and 

clinicians actively treating patients with OA, and can aid policy makers in the 

development of public health interventions and outreach strategies for educating older 

adults living with knee OA about the benefits of undergoing TKA for moderate to severe 

OA.  Findings of this study may also better enable clinicians to target patients for 

appropriate OA treatments and interventions and more efficiently allocate health care 

resources, as the demand for trained orthopedic surgeons greatly outweighs current 

capacity (Chang, Pellissier, & Hazen, 1996).  Patient intervention targeting and strategic 

allocation of resources aids in reducing the economic burden of OA, which is currently 

estimated to be between 1% and 3% of gross national product in developed countries 

(Hochberg, 2011; Reginster, 2002).  Effective public health efforts to reduce the burden 

of OA and racial differences in TKA utilization are critical in the U.S., as the percentage 

of persons with arthritis is expected to rise to 18% (e.g., 59 million people) by 2020 

(Minas & Gomoll, 2007).   
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Organization of Dissertation 

Chapter 1 of this dissertation provides an overview and background of the 

research topic and justification for this study, a conceptual framework supporting the 

research aims of the study, outlines the specific aims and hypotheses, and discusses the 

contribution of this study to the body of literature. Chapter 2 provides a literature review 

detailing the significance of the concepts that underlie the aims of the study, and their 

interrelations.  Chapter 3 details the methods of the study, including data employed, 

participants and measures, study aims and hypotheses, an explanation of preliminary and 

exploratory analyses, including tests for confounding and effect modification, and power 

calculations.  Chapter 4 details the results of the aims of the study.  Chapter 5 provides a 

discussion of the study results, limitations, and conclusions, as well as a discussion of 

other factors that may influence utilization of TKA across race.  
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Chapter 2: Literature Review 

Osteoarthritis: Disease and Illness 

OA is a progressive disease of the synovial joints signifying ineffective joint 

damage repair resulting from stresses to the joint (Lane et al., 2011).  Stresses may be 

caused by abnormal physiology in any of the synovial joint tissues, including the articular 

cartilage, subchondral bone, ligaments, menisci, periarticular muscles, peripheral nerves, 

and synovium, leading to the deterioration of cartilage and bone (Lane et al., 2011).   

Stresses and repair failures leading to OA may also be due to genetic, biomechanical, or 

biochemical factors (Lane et al., 2011).   

  The pathology of OA encompasses the entire joint; the disease process involves 

the loss of articular cartilage and concomitant changes in the underlying bone, including 

the development of osteophytes, or bone spurs, and the thickening of the bony envelope, 

known as bony sclerosis (Felson et al., 2000).  OA also affects the soft-tissue structures in 

and around the joint causing inflammation of the synovium, loosening of ligaments, and 

weakening of the bridging muscle (Felson et al., 2000).  The illness of OA is 

characterized by a symptom complex which may include pain, stiffness, fatigue, mood 

alterations, and sleep disturbances, and which can cause functional limitation, physical 

disability, and reduced health-related quality of life (Hochberg, 2012; Lane et al., 2011; 

Zeni, Axe, & Snyder-Mackler, 2010).   

Epidemiology of OA 

Osteoarthritis is the most common form of arthritis, affecting an estimated 15% of 

the U.S. population, and is highly prevalent among U.S. older adults (Johnson & Hunter, 

2014; Yahata et al., 2002; Zeni, Axe, & Snyder-Mackler, 2010).  Previous research has 
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suggested that nearly half of all U.S. older adults have radiological evidence of OA in 

one or more joints (Lethbridge-Cejku et al., 1995).  A 2008 study by Lawrence and 

colleagues estimated that nearly 14% of adults over the age of 25 years were affected by 

OA.  Among adults aged 65 years and older, they estimated the prevalence of OA to be 

33.6%, or approximately 12.4 million people (Osteoarthritis [Centers for Disease Control 

and Prevention (CDC)], 2016; Lawrence et al., 2008).  Studies indicate that the 

prevalence of OA has increased dramatically in recent decades and is expected to double 

by 2020, due largely to an aging population (Johnson & Hunter, 2014).  According to the 

CDC, in 1990 an estimated 21 million people suffered from OA; by 2005, the number 

had increased to approximately 26.9 million (Osteoarthritis [CDC], 2016; Lawrence et 

al., 2008).  In contrast, a recent study reported that the mean annual prevalence of OA in 

the ambulatory health care system was only about 3.5%, or 7.7 million people who had 

been diagnosed with OA, suggesting that a sizable proportion of U.S. adults affected with 

OA do not seek medical treatment (Osteoarthritis [CDC], 2015; Sacks, Luo, & Helmick, 

2010).    

     OA tends to affect lower extremity joints (knee and hip) at a higher rate, 

making it the primary cause of lower extremity disability (Johnson & Hunter, 2014).  In 

the U.S., the knee joint is more frequently affected than any other by lower extremity OA 

(Felson & Zhang, 1998; Lawrence et al., 2008; Murphy et al., 2008).  A 2014 study by 

Johnson and Hunter estimated the lifetime risk of knee OA to be about 40% in men and 

47% in women, although the risk is greater among obese individuals (Johnson & Hunter, 

2014).  Several recent studies have reported estimates of the prevalence of knee-specific 

rates of OA in adults of various age groups; a 2006 study by Dillon and colleagues, using 
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data from the Third National Health and Nutrition Examination Survey (NHANES), 

found that among adults aged 60 years and older, the prevalence of knee OA was 42.1% 

in females and 31.2% in males.  Another study using data from the Johnston County 

Osteoarthritis Project estimated the prevalence of knee OA among adults ages 45 years 

and older to be 47.6% in females and 37.4 in males (Jordan et al., 2007).       

Previous studies have shown the socioeconomic burden associated with OA to be 

substantial; OA is a major cause of morbidity and the leading cause of activity limitation 

and disability in the U.S.  It is also known to cause excess health care utilization and 

reduced health-related quality of life among older adults, thus, constituting a major public 

health problem (Guillemin et al., 2011; Hochberg, 2012; Murphy et al., 2008; Zeni, Axe, 

& Snyder-Mackler, 2010).  Moreover, OA is often associated with onset of depressive 

symptoms (Ethgen & Reginster, 2004; Zeni, Axe, & Snyder-Mackler, 2010). 

Race and Burden of Osteoarthritis 

Although the prevalence of lower extremity OA in the U.S. it thought to be 

approximately equal across race, studies indicate that blacks tend to suffer 

disproportionately from OA-related disability and OA disease burden as compared with 

whites (Ang, Monahan, & Crohan, 2008; Felson et al., 2000; Felson & Nevitt, 2004).  

Research indicates that black older adults with knee OA tend to exhibit more severe 

radiographic features of OA, have more frequent bilateral involvement, and experience 

more mobility impairment than their white counterparts (Felson et al., 2000).  Studies 

have also shown that blacks tend to report greater pain severity than their white 

counterparts with OA (Allen et al., 2012).  
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Risk Factors for OA 

The etiology of OA is multifaceted, and often results from an interaction of 

systemic and local factors; systemic factors can include race/ethnicity, age, sex, genetics, 

or nutritional factors, whereas local factors may include obesity, previous knee injury or 

surgery, occupation, knee alignment, or mechanical factors.  Moreover, the comparative 

importance of certain risk factors may vary by joint, disease severity, onset versus 

progression of OA, and radiographic versus symptomatic disease (Zhang et al., 2010). 

A considerable body of research has been conducted to identify and examine risk 

factors for OA of the knee.  These studies have focused both on risk factors for the onset 

of OA, as well as risk factors for OA progression, although a greater number of studies 

have looked at risk factors for incident OA.  Previous studies suggest that considerable 

overlap exists among risk factors for onset and progression of OA. However, the 

mechanisms through which some risk factors influence the pathogenesis and the 

progression of OA are not well understood (Zhang et al., 2010).           

Incident OA 

Race and Risk of Incident OA 

Previous research suggests that blacks and whites are approximately equally 

likely to develop OA in one or more joints.  However, recent studies examining the 

associations of race and OA are in conflict with those of previous studies (Musumeci et 

al., 2015).  For instance, a study using data from the NHANES I reported that black 

women had a higher risk of developing knee OA than whites or black men.  Another 

study employing data from the Johnston County Osteoarthritis Project reported no 

significant associations of race and incident knee OA.  Such results have led researchers 
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to conclude that correlations between race and onset of knee OA are likely due to 

differences in behavioral and socioeconomic factors, genetic predisposition, and 

differences in body mass index (BMI) (Musumeci et al., 2015). 

Other Risk Factors for Incident OA  

Purported risk factors for incident OA include increasing age, female sex, 

prediabetes and diabetes, genetics, obesity, previous knee injury, and smoking (Amin et 

al., 2007; Andriacchi et al., 2015; Blagojevic et al., 2010; Chaganti & Lane, 2011; 

Cooper et al., 2000; Felson et al., 2000; Musumeci et al., 2015; Silverwood et al., 2015; 

Zhang & Jordan, 2010). 

Increasing Age 

OA is often described as a disease of “wear and tear”, in which the number of 

cycles of mechanical load builds over time, leading to a breakdown in joint tissues, 

particularly the articular cartilage (Andriacchi et al., 2015).  As such, age is considered to 

be a primary risk factor for developing OA, and a number of studies have reported an 

association between increasing age and incident knee OA (Andriacchi et al., 2015; 

Blagojevic et al., 2010; Chaganti & Lane, 2011; Musumeci et al., 2015; Silverwood et al., 

2015; Zhang & Jordan, 2010).  Studies report that the risk of incident OA increases 

substantially after 45 years of age, as well as with each increasing year of age even up to 

the age of 75 years (Andriacchi et al., 2015).  Researchers believe that increasing age is a 

result of the cumulative exposure to various risk factors and age-related biologic changes 

which have a deleterious impact on the ability of a joint to withstand biomechanical 

stress.  Age-related changes are thought to include thinning of non-calcified articular 

cartilage, weak muscle strength, poor proprioception, oxidative damage, and increased 
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joint laxity (Chaganti & Lane, 2011; Felson et al., 2000; Zhang & Jordan, 2010).  

Increased joint laxity is thought to predispose the joint to injury by way of aberrant 

loading, and can result from a joint previous injury which impacted the joint’s 

biomechanics (Chaganti & Lane, 2011).    

Female sex  

Although many previous studies have estimated sex differences in the prevalence 

of OA, few have examined sex-specific incident OA (Srikanth et al., 2005).  Of these 

studies, results have shown that females tend to have significantly higher rates of incident 

knee OA compared to males.  Recent studies suggest that incident OA among middle-

aged women may be related to hormonal changes during menopause; one mechanism 

through which this is thought to occur is by estrogens triggering initial changes in 

proteoglycan in the articular cartilage, either directly or indirectly, via cytokines (Wluka, 

Cicuttini, & Spector, 2000).  However, the degree to which estrogens trigger these 

changes are thought to be modulated by other factors, including the state of the articular 

cartilage at menopausal onset, as well as genetic makeup (Wluka, Cicuttini, & Spector, 

2000).   

Prediabetes and diabetes 

Some evidence suggests that metabolic risk factors are associated with incident 

OA, including type 2 diabetes and elevated glucose concentration (Musumeci et al., 

2015).  Researchers hypothesize that advanced glycation end-products (AGEs) in 

cartilage collagen seem are associated with cellular senescence in the extracellular 

cartilage matrix and reduced function of chondrocytes.  AGEs tend to accumulate in the 

matrix and chondrocytes, leading to an increased cross-linking in the matrix and causing 
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decreased anabolic activity in chondrocytes.  These changes lead to increased stiffness 

and reduced strength of the joints and cause the joint cartilage to be more susceptible to 

failure (Musumeci et al., 2015).  

Genetics  

A number of genes, including those for vitamin D receptors, insulin-like growth 

factor 1, type 2 collagen, and growth differentiation factor 5 (GDF5), a bone 

morphogenetic protein expressed in articular and skeletal structures, have all been 

identified as having an impact on the pathophysiology of OA pathways and contributing 

to risk of OA onset (Johnson & Hunter, 2014; Musumeci et al., 2015).  Recent studies 

have identified the presence of over 80 genetic mutations involved in the pathogenesis of 

OA (Musumeci et al., 2015). Of these, a single nucleotide polymorphism called rs143883 

(located in the 3’ untranslated region of the GDF5 gene) may be most relevant, in that it 

is responsible for the development, maintenance, and repair of synovial joints.  In 

addition, the vitamin D receptors gene, whose locus is localized near the type II collagen, 

is thought to influence the pathophysiology of OA through regulation of bone density 

(Musumeci et al., 2015). Meta-analytic studies have revealed other genetic linkages to 

incident OA, including associations between chromosome 2q and nodal OA, 

chromosome 11q and hip OA in women, chromosome 7q22 and knee OA, and GDF5 in 

knee and hip OA.  Still other signals are thought to be involved in OA susceptibility, 

including DIO2, SMAD3, and ASPN (Johnson & Hunter, 2014).  It is important to note, 

however, that many of these findings have not been confirmed in all populations and 

ethnicities (Johnson & Hunter, 2014) 
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Obesity 

Numerous studies have found obesity to be associated with increased risk of 

incident knee OA (Chaganti & Lane, 2011; Grotle et al., 2008; Johnson & Hunter, 2014; 

Musumeci et al., 2015; Silverwood et al., 2015).  Obesity is thought to constitute one of 

the more important risk factors for OA in peripheral joints, such as the knee (Johnson & 

Hunter, 2014).  Research suggests that there are multiple mechanisms through which 

obesity leads to incident knee OA.  Primarily, increased weight-related stress on the joint 

can lead to mechanical joint overload, which activates chondrocytes and accelerates 

degeneration of the articular cartilage (Johnson & Hunter, 2014; Musumeci et al., 2015).   

Studies have also reported evidence of a dose-response relationship between obesity and 

incident knee OA, whereby as body weight increases, risk of onset of knee OA increases 

(Chaganti & Lane, 2011; Grotle et al., 2008; Johnson & Hunter, 2014; Silverwood et al., 

2015).  Secondly, research suggests that metabolic factors that tend to cluster in 

metabolic syndromes, such as dyslipidemia and inflammation of adipose tissue, which 

can strongly influence obesity-induced incident OA.  In fact, multiple studies have 

confirmed the association of these metabolic risk factors, such as oxidative stress, 

endothelial dysfunction, and leptin dysregulation, with increased risk of incident OA in 

the knee, as well as other non-weight bearing joints (Musumeci et al., 2015).  

Previous knee injury 

According to a 2010 meta-analysis of epidemiologic studies of OA, knee injury is 

a major risk factor for the development of knee OA (Blagojevic et al., 2010; Felson et al., 

2000; Silverwood et al., 2015).   Results showed this finding to hold true across gender, 

type of knee injury, variation in study design, and method of knee OA case definition 
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(Hochberg, 2012; Blagojevic et al., 2010).  Moreover, a systematic review of current 

literature on risk factors for OA identified twelve cohort studies which found prior knee 

injury to be significantly related to an increased risk of incident knee OA (Silverwood et 

al., 2015).  Both studies note a great deal of heterogeneity in effect sizes, although meta-

regression analyses did not reveal any explanatory factors.   

Although the association of knee injury and incident knee OA is well 

documented, current understanding of relationships between acute joint trauma and onset 

of post-traumatic OA is not well understood (Felson et al., 2000).  Studies suggest that 

acute joint trauma causes joint dysplasia, or fractures to the articular surfaces, and tearing 

of the menisci and ligaments lead to joint instability which precedes the development of 

OA (Felson et al., 2000).  Prior research also suggests that incident knee OA following a  

joint injury (also known as post-traumatic OA) is often resultant of interactions between 

joint trauma and other risk factors, such as genetic predisposition for OA onset or 

metabolic factors (Felson et al., 2000).  Common knee injuries include the tearing of the 

anterior cruciate ligament (ACL) or the meniscus, fractures to the tibia, femur, or patella 

bone, bursitis of the knee, and patellar tendinitis (Knee Pain [Mayo Clinic], 2016).   

Smoking  

Although prior studies have reported mixed results as to whether cigarette 

smoking is a risk factor for incident OA, more recent studies indicate that smoking 

reduces cartilage metabolism, which is known to contribute to the pathogenesis of OA 

(Amin et al., 2007).  Results of animal and in-vivo studies show that components of 

tobacco smoke have a deleterious effect on chondrocyte function, which inhibits cell 

proliferation and extracellular matrix synthesis (Amin et al., 2007).  Moreover, studies 
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have reported that smoking may interact with other risk factors for incident OA. Findings 

of a 2007 study examining the impact of smoking on change in knee cartilage features 

reported that among participants with a family history of severe knee OA, smoking 

substantially increased the risk of reduced volume of knee cartilage, as well as risk for the 

development of cartilage defect (Ding et al., 2007). Current smoking has also been 

purported to be associated with the pathogenesis of symptomatic knee OA, and recent 

studies indicate that smokers are more likely to report greater overall knee pain (Amin et 

al., 2007).  Although the mechanisms through which onset of symptomatic knee OA 

occurs are unclear, it is suggested that smoking may have impacts on other articular 

structures, which mediate knee pain.  It has also been suggested that smokers’ 

perceptions of pain may be influenced by occupational and socioeconomic factors (Amin 

et al., 2007).  

Progression of OA 

Race and Risk of OA Progression 

Prior studies examining the associations of race and OA progression have 

reported mixed results, which may be due to a lack of standardized measures of OA 

progression (Foley et al., 2015).  For example, a recent study employed radiologic data 

from the Johnston County Osteoarthritis Project to examine the relationships between 

race and progression of hip OA.  Results showed that for mild axial joint space 

narrowing, whites showed greater progression of OA, whereas blacks had higher rates of 

superior joint space narrowing.  Blacks also showed a greater rate of lateral osteophyte 

development than whites (Foley et al., 2015).  
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Previous studies have defined OA progression using measures of radiographic 

joint space narrowing (either quantitative or qualitative), increase in summary 

radiographic grade (e.g., Osteoarthritis Research Society International (OARSI) Atlas 

semi-quantitative grade, Kellgren-Lawrence grade), and increase in total osteophyte 

score, as well as receipt of total joint replacement (Foley et al., 2015).   Although a large 

body of research examining associations of race and incident knee OA exists, 

substantially fewer studies have attempted to assess associations of race and objectively-

measured progression of knee OA.  This may be due in part to the associated costs of 

collecting radiological data prospectively over a time period long enough to observe 

clinically-significant progression (Gossec et al., 2007).  Additionally, while some studies 

have been conducted that examine associations of race and utilization of TKA, it has 

been well established that blacks are less likely to utilize TKA than their white 

counterparts (Mahomed et al., 2005; Skinner et al., 2006).  Coupled with results of still 

other studies reporting that blacks suffer a greater disease burden related to knee OA as 

compared with whites (Ang, Monahan, & Crohan, 2008; Felson et al., 2000; Felson & 

Nevitt, 2004), it is clear that utilization of TKA is not a valid measure of progression of 

OA for purposes of examining associations of race.  

Other Risk Factors for Progression of OA 

Although fewer studies have attempted to identify risk factors for progression of 

OA than for onset, studies have identified several risk factors for OA progression, 

including advancing age, socioeconomic status, obesity, and nutrition (Amin et al., 2007; 

Andriacchi et al., 2015; Blagojevic et al., 2010; Cooper et al., 2000; Felson et al., 2000; 

Hawker et al., 2002; Musumeci et al., 2015; Silverwood et al., 2015).        
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Older age  

Mechanisms through which advancing age OA impact the progression of OA 

include senescence of the chondrocyte, as cells lose the capacity to maintain and repair 

the extracellular cartilage matrix (Johnson & Hunter, 2014; Musumeci et al., 2015).  

Moreover, the matrix undergoes other age-related changes such as alteration in 

composition and structure of proteins and proteoglycans, surface fibrillation, increased 

cross-linking in collagen and a subsequent reduction in tensile strength (Loeser, 2009; 

Musumeci et al., 2015).  Age-related changes in the joint may also be exacerbated or 

accelerated by other factors, such as obesity, injury-related joint damage, and genetic 

factors, and can affect all of the tissues of the joint, including the articular cartilage, bone, 

muscle, synovium, ligaments, tendons, and menisci (Cooper et al., 2000; Loeser, 2009).   

Socioeconomic status 

Previous research has established a relationship between greater self-reported 

symptoms of arthritis, including arthritis-related disability, and measures of lower 

socioeconomic status (Hawker et al., 2002).  Differences in disease status across the 

continuum of socioeconomic status have been shown to persist, even when including 

estimates of arthritis risk factors (Hawker et al., 2002).  Results of such studies provide 

support for the hypothesis that lack of access to and reduced utilization of arthritis-related 

health care services are primary mechanisms though which persons of lower 

socioeconomic status tend to have greater arthritis disease severity (Hawker et al., 2002).   

Obesity 

Obesity has been shown to be a significant risk factor for the progression of 

prevalent OA in lower extremity joints (Johnson & Hunter, 2014). Mechanisms through 
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which obesity increases the risk of OA progression are similar to those affecting incident 

OA.  These include increased allostatic load on a weight bearing joint (knee or hip), 

leading to chondrocyte activation and articular cartilage degradation, as well as via 

metabolic pathways, including poorer circulatory functioning in non-weight bearing 

joints (Johnson & Hunter, 2014; Musumeci et al., 2015; Sowers & Karvonen-Gutierrez, 

2010).  

Nutrition  

Research suggests that diet and nutritional intake influence the initiation of 

various processes throughout the body (Musumeci et al., 2015).  Given the current 

climate of excessive consumption in American society, and the diffusion of fast food 

restaurants, it is no surprise that many Americans’ diets lack the essential vitamins and 

nutrients for our body (Musumeci et al., 2015).  Research suggests that certain 

antioxidant vitamins, including Vitamin C and D, have a protective effect for progression 

of knee OA following onset (Chaganti & Lane, 2011).  Selenium supplementation has 

also been shown to be effective for slowing the progression of degenerative osteoarticular 

disease (Chaganti & Lane, 2011).       

Total Knee Arthroplasty 

TKA is considered the “gold standard” treatment for knee OA among patients 

who have not responded well to medical and/or pharmacological treatment and those with 

severe OA (Kahn, Soheili, & Schwarzkopf, 2013, Suarez-Almazor et al., 2005).  Several 

studies have affirmed the benefits of TKA for achieving positive health outcomes and 

improvements in physical function across a wide variety of patient groups (Kahn, Soheili, 

& Schwarzkopf, 2013).  Not only can patients expect a durable lessening of pain and 
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functional improvement following TKA, but TKA has also been shown to be a safe and 

highly cost-effective treatment for moderate to severe OA (Lutzner et al., 2009).  Recent 

studies examining the cost-effectiveness of TKA estimated an $11,548 cost per quality-

adjusted life-year gain for patients with a mean age of 68 years.  Excellent long-term 

success of TKA has been reported, whereby survivorship at 15 years was 94.1% (Kahn, 

Soheili, & Schwarzkopf, 2013).  No other treatment for knee OA has shown such 

significant gains in quality of life as has TKA.  Given such a high rate of efficacy, it 

comes as no surprise that demand for TKA in the U.S. has increased; in fact, incidence of 

TKA procedures has risen to more than 600,000 per year.  A continual rise in demand for 

TKA is expected, with an estimated annual incidence of more than 3.5 million procedures 

by 2030 (Kahn, Soheili, & Schwarzkopf, 2013).   

Complications of TKA 

Although the rate of serious complication after total knee replacement surgery is 

low, reportedly less than 2%, both short-term and long-term complications can occur 

(Greengard, 2015).  Possible short-term complications of total knee replacement can 

include nosocomial surgical site infections, systemic infections (e.g., septic shock, sepsis, 

urinary tract infection, and pneumonia), unplanned reintubation, hematologic 

complications (e.g., pulmonary embolism, postoperative blood transfusion, and deep 

venous thrombosis), renal insufficiency, acute renal failure, neurologic complications 

(e.g., stroke, peripheral nerve injury, coma lasting greater than twenty-four hours, 

myocardial infarction, cardiac arrhythmic arrest, implant failure, reoperation (within 

thirty days), and mortality (Duchman et al., 2014).  Possible long-term complications of 

TKA include arthrofibrosis, loss of joint motion, osteonecrosis, malalignment, 
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periprosthetic fracture, tracking abnormalities, symptomatic implant loosening, implant 

wear leading to mechanical failure, and chronic pain (Boyd et al., 1993).  

Obesity and TKA Utilization  

Currently, greater than 35% of U.S. adults are obese; obesity is known to be 

associated with a host of serious cardiovascular conditions, certain types of cancer, as 

several of the leading causes of preventable death.   Obesity has been found to 

disproportionately affect black Americans as compared with whites (48.1% versus 

34.5%), and the prevalence of OA obesity? is higher among middle-aged and older adults 

(Adult Obesity [CDC], 2016).  Moreover, women of low socioeconomic status are also 

more likely to be obese than high-income women.     

Research indicates that individuals with a BMI of 40m²/kg or greater are more than 8 

times more likely to need lower extremity joint replacement surgery for progression of 

OA  as compared to their non-obese counterparts (Obesity and Total Joint Arthroplasty 

[AAHKS], 2013).   In 1990, an estimated 31% of all total joint arthroplasty patients were 

obese; in 2005, the percentage had risen to greater than 52%.  As the prevalence of 

obesity among U.S. adults rises, demand for total joint replacement will similarly 

increase (Obesity and Total Joint Arthroplasty [AAHKS], 2013).   

 Previous studies have reported that obese patients are at greater risk of 

complications following total joint replacement (TJR) surgery, including a higher risk of 

wound complications and deep infection; obese patients have also been shown to have a 

higher rate of revision as compared with non-obese patients (Obesity and Total Joint 

Arthroplasty [AAHKS], 2013); Amin et al., 2010; Dowsey et al., 2010; Kerkoffs et al., 

2012).  It is important to note, however, that obesity commonly presents with other co-
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morbid conditions that may, in and of themselves, increase the risk for surgical 

complications following TJR; such conditions may include high blood pressure, type 2 

diabetes, arteriosclerosis, and hyperlipidemia (Obesity and Total Joint Arthroplasty 

[AAHKS], 2013).  

Despite these findings, clinicians are clear - obesity alone does not constitute a 

contraindication to undergoing lower extremity total joint replacement (Study Overturns 

Common Assumption [Science Daily], 2012).  Clinicians recommend that obese patients 

considering knee replacement be advised of additional risks and to lose weight prior to 

surgery (Kerkoffs et al., 2012). 

Racial Differences in TKA 

Despite evidence indicating that blacks suffer a greater burden related to knee 

OA, recent studies confirm the existence of substantial racial differences in utilization of 

TKR surgery for knee OA (Ang, Monahan, & Crohan, 2008; Suarez-Almazor et al., 

2005). Evidence from these prior studies indicates that minorities, specifically black older 

Americans, are significantly less likely than whites to undergo knee replacement surgery 

for the treatment of severe OA, despite being equally clinically-appropriate candidates for 

TKA as whites (Ang, Monahan, & Crohan, 2008; Blum et al., 2012; Dunlop et al., 2003; 

Suarez-Almazor et al., 2005).  A 2009 Morbidity and Mortality Weekly Report, 

published by the CDC, used Centers for Medicare and Medicaid Services (CMS) claims 

and enrollment records data to calculate both national and state rates of TKA utilization 

for Medicare enrollees between 2000 and 2006.  Results found that national rates of TKA 

were 37% lower among blacks than whites in 2000 and 39% lower, respectively, in 2006.  

In both 2000 and 2006, racial differences were lower among women than among men, 
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23% and 28%, and 63% and 60%, respectively.  Data from 2006 revealed that blacks had 

lower rates of TKA than whites across all 50 states and the District of Columbia.  

Moreover, between 2000 and 2006, increases in black/white differences among women 

were reported across all three age groups (65 – 74 years, 75 – 84 years, and >85 years) in 

19 out of 50 U.S. states (Cisternas, Murphy, Croft, & Helmick, 2009).   

Interestingly, such trends are not isolated to utilization of knee replacement 

surgery; in fact, racial differences in health care utilization are well-documented in 

research (Weisfeld & Perlman, 2005).  Compared with whites, minorities are less likely 

to receive preventative, diagnostic, medical, and surgical interventions, even when 

controlling for risk (Weisfeld & Perlman, 2005).  For instance, a 2005 study among 

patients suffering from acute myocardial infarction found that blacks were less likely to 

receive potentially life-saving surgical procedures such as coronary angiography or 

coronary artery bypass grafts than whites (Weisfeld & Perlman, 2005).  Black cancer 

patients in the U.S. have also been found to be less likely than whites to receive type-

specific standard of care treatments.  Among patients with end-stage renal disease, blacks 

were less likely than whites to receive kidney transplants (Weisfeld & Perlman, 2005).  

Blacks have also been found to be less likely to utilize non-surgical medical treatments, 

such as use of orally-administered antiretroviral and prophylactic antibiotics for HIV 

infections, than their white counterparts (Weisfeld & Perlman, 2005).  While it is not 

known whether racial differences in utilization of health services are linked to racial 

differences in health outcomes, it is clear that they exist.  Compared with white 

Americans, blacks have a lower life expectancy and spend a greater portion of their lives 

in poor health and/or suffering from functional disabilities (Weisfeld & Perlman, 2005).   
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Increased public awareness efforts and outreach initiatives implemented in recent 

years by public health agencies to reduce racial differences in TKA utilization appear to 

be ineffective. A recent study by Blum and colleagues revealed the persistence of 

differences in TKA utilization in recent decades (2012).  A 2008 study, in which 

researchers evaluated hospital discharge data from a sample of privately-insured patients 

over the age of 65, revealed that differences in knee and hip replacement utilization 

between whites and minorities actually grew (Blum et al., 2012).  Results showed a 22% 

decrease in black Americans’ likelihood of having a joint replacement as compared with 

whites’ over a six-year period (Blum et al., 2012).  As confirmed by these findings, the 

underlying causes of TKA underutilization by black Americans are complex in nature, 

and not currently well understood (Blum et al., 2012).  

Race, Socioeconomic Status and TKA Utilization 

Research suggests that a multitude of factors are responsible for underutilization 

of TKA by blacks U.S. adults.  Of these, socioeconomic status is thought to have the 

greatest impact. Socioeconomic status, as defined by the American Psychological 

Association, is the social standing, or class of an individual or group, measured by the 

combined effect of education, income, and occupation (2015).  Previous studies indicate 

that socioeconomic status accounts for much of the observed racial disparity in health 

care utilization, although mechanisms through which this occurs are not entirely clear 

(Williams, 1999).  Some evidence suggests that racism has restricted upward 

socioeconomic mobility for minorities through reduced access to education and 

employment opportunities, as well as through residential segregation, all of which are 

theorized to be products of historically institutionalized discrimination (Williams, 1999).  
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Sociologists believe this phenomenon has led to a concentration of poverty in 

geographical areas, particularly urban, that are predominately inhabited by blacks.  

Residence in impoverished and racially-segregated areas is known to be associated with 

lack of access to educational and employment opportunities, thus perpetuating the 

concentration of poverty among black Americans.  The cumulative effect of restricted 

upward mobility perpetuates reduced access to adequate health care among blacks, 

leading to lower health services utilization and poorer health outcomes as compared with 

their white counterparts (Williams, 1999).  Blacks also tend to live in more unhealthy 

neighborhoods and communities and have a higher incidence of detrimental behaviors 

than whites, such as smoking and drug use (Ang et al., 2008).   

Lack of health insurance coverage is also a known barrier to utilization of knee 

replacement among non-white U.S. adults (Chen et al., 2013).  However, even in 

countries where access to health care is universal and based on need, health differences 

across socioeconomic status persist (Hawker et al., 2002).  These findings suggest that 

persons with lower socioeconomic status may be less able or willing to navigate the 

system of health care, thus, negatively affecting access (Hawker et al., 2002).  A 2008 

study by Dunlop and colleagues, which employed nationally-representative data, 

confirmed the existence of racial and ethnic differences in TKA utilization among older 

adults (aged 65+), despite universal insurance access through Medicare (Blum et al., 

2012; Dunlop et al., 2008).   

These findings raise important questions about whether low socioeconomic status 

further reduces older blacks’ likelihood of undergoing TKA, as compared to that of 

whites.  Research suggests that individuals of lower socioeconomic status are less likely 



 

30 
 

to utilize TKA or other arthritis treatments, despite the fact that they are similarly likely 

to consider these treatments as those of higher socioeconomic status (Hawker et al., 

2002).  Moreover, individuals of low socioeconomic status are less likely to have health 

insurance coverage, thus, further reducing access to care (Ang et al., 2008).  However, a 

2002 study of willingness to undergo elective knee or hip replacement by Hawker and 

colleagues found that neither education nor income were independently associated with a 

definite willingness to consider total joint arthroplasty (TJA).  Results found that, when 

accounting for willingness to undergo TJA, lower education, and lower income were both 

independently associated with a greater likelihood having an unmet need for joint 

replacement (Hawker et al., 2002).   

Some research has reported that underutilization of joint replacement among low-

income individuals is even greater among certain demographic groups.  A 2007 study by 

Agabiti and colleagues reported that low-income adults ages 75 and older were even less 

likely than their younger, low-income counterparts to undergo TJR; women ages 75 and 

older who were of low-income were also significantly less likely than older low-income 

men to undergo joint replacement.  These findings suggest that older age and gender may 

exacerbate the impact of socioeconomic status on reduced utilization of TJA.    

Still, a consensus statement released by the NIH suggests that personal beliefs 

regarding treatment options, low health literacy, and patient mistrust of the health care 

system, may also lead to reduced health utilization among blacks in the U.S (Armstrong, 

Ravenell, McMurphy, & Putt, 2007; Figaro et al., 2004;  NIH Consensus Development 

[NIH], 2003; Stewart et al., 2014).  While an examination of the effect of these factors is 

outside the scope of this study, results of the present study analyses will help to elucidate 
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the effect of socioeconomic status on utilization, and provide an evidence base for future 

studies of factors affecting utilization of and need for joint replacement among black 

Americans.      

Assessing Need for TKA 

In an effort to objectively assess need for TKA in the U.S., clinicians and 

researchers have identified criteria which represent theoretical need for total knee 

replacement.  While some consensus existed among health professionals as to the clinical 

measures that should be used to assess severity of knee OA, no definitive cut points had 

previously been identified as indicating a disease state at which candidacy for TKA had 

been reached (Gossec et al., 2007).  As previous studies assessing need for and access to 

TKA had not been able to reliably and accurately determine the point at which a patient 

reached candidacy for TKA, an objective comparison of need for joint replacement 

across racial groups was not possible (Gossec et al., 2011).  As a result, the Osteoarthritis 

Research Society International Standing Committee for Clinical Trials Response Criteria 

Initiative and the Outcome Measures in Rheumatology Committee commissioned an 

international working group of scientists to develop a composite index for defining states 

of OA severity (Gossec et al., 2007; Pham et al., 2004).   With the development of a 

surrogate marker for the theoretical indication of total joint replacement, utilization and 

utility of surgical treatment for OA are finally able be objectively measured (Gossec et 

al., 2007; Gossec et al., 2011).   

Virtual Total Knee Arthroplasty (VTKA) 

Virtual joint replacement, as defined by the Osteoarthritis Research Society 

International/ Osteoarthritis Research Society International Standing Committee for 
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Clinical Trials Response Criteria Initiative and the Outcome Measures in Rheumatology 

initiative, is a theoretical indication for joint replacement surgery, whereby a patient’s 

symptom state becomes non-acceptable in terms of pain and function (Gossec & 

Dougados, 2008).  In 2008, Gossec and colleagues reanalyzed a model from their prior 

work from which they proposed a set of criteria defining theoretical need for total joint 

arthroplasty, which could be used in clinical trials evaluating disease-modifying 

osteoarthritis drugs.  Using these criteria, Shurupoff derived cut points from these criteria 

using decision tree models as part of her master’s thesis (2011).  Cut points included a 

Knee Injury and Osteoarthritis Outcome Score (KOOS) quality of life subscale score of 

35 or lower (scale: 0 – 100, higher scores indicate higher quality of life) and an OARSI 

joint space narrowing  grade of 2 or 3 (scale: 0 – 3, higher scores indicate greater point 

space narrowing) (Hunter et al., 2006).  Through the employment of VTKA criteria, 

objective estimates of need for TKA in the population can be inferred; these estimates 

will aid future researchers in elucidating the mechanisms underlying race-specific 

utilization patterns in TKR surgery. 

Conceptual Framework 

An application of the Behavioral Model of Health Services Use (Andersen 1995) 

to the public health problem of racial differences in knee replacement surgery offers a 

clearer understanding of the factors underlying racial differences in TKA utilization for 

symptoms of knee OA.  The Behavioral Model of Health Services Use emphasizes the 

effect of an individual’s ascribed demographic characteristics and measures of social 

structure, their available resources, and their level of need for health care in determining 

whether they utilize health services. A number of previous studies spanning a wide range 
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of topics related to health behavior and utilization of health care services provide support 

for the application of the principles of the Behavioral Model of Health Services Use to 

issues surrounding racial differences in health care utilization.  The Behavioral Model of 

Health Services Use framework, which can model both the effects of individual-level 

and/or system-level factors on health care decision making, provides a basis for 

organizing and quantifying these effects and their impact on a person’s likelihood of 

undergoing knee replacement surgery. The employment of an applied Behavioral Model 

of Health Services Use can help to explain variances in TKA utilization rates between 

white and black older adults by isolating the effect of enabling and impeding factors 

affecting individuals’ likelihood of undergoing TKA.  Factors that could enable or 

impede utilization include the availability or unavailability of resources, such as 

disposable income (Andersen, 1995).  This model is particularly useful given the aims of 

this study, for which an objective measure of need for utilization of TKA can be assessed, 

using the Shurupoff criteria for reaching candidacy for knee replacement, also known as 

VTKR. 

 An application of the Behavioral Model of Health Services Use to the problem of 

racial differences in likelihood of undergoing knee replacement surgery for knee OA can 

be seen in Figure I.  The key components of the Behavioral Model of Health Services 

Use, as it relates to the problems of racial differences in utilization of joint replacement 

surgery, include: (1) predisposing factors of utilization, including ascribed demographic 

factors, such as race, gender, and age, achieved aspects of social structure, such as 

socioeconomic status, and risk factors for onset and progression of knee OA, such as 

being overweight or obese, (2) enabling or impeding resources, such as household 
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income, education level, and health insurance coverage, measures of social support, 

including marital status, and access to health care services, and, (3) need for TKA, as 

measured by clinically-derived cut-points from two validated scales, including a KOOS 

quality of life subscale score of 35 or lower and an OARSI joint space narrowing scale 

grade of 2 or greater.   

Figure I. Applied Behavioral Health Services Utilization Model  

 

Summary 

While a number of studies have been conducted to determine the mechanisms that 

underlie racial differences in TKA utilization, few have analyzed data that encompass 

such a wide-range of clinical, demographic, and high-quality radiographic imaging 

measures over an extended period of study follow up.  These data allow researchers to 

detect the potentially additive or synergistic effects of socioeconomic status with age and 

sex that may differentially affect likelihood of undergoing TKA across race; these 

relationships have not previously been assessed (Chen et al., 2013; Haider et al., 2013).  
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Previous studies have also been limited in conducting stratified analyses across race due 

to a lack of participants in each racial group.  Results of these analyses are needed to 

facilitate greater understanding of the causal mechanisms that underlie racial differences 

in the receipt of surgical treatment for knee OA; results will also aid in the development 

of targeted interventions for eliminating racial differences in TKA utilization (Le Cook, 

McGuire, & Zaslavsky, 2012).   

To date, only one other study (Collins et al., 2015) has been published using OAI 

data to examine racial differences in utilization of TKA; however, the study sample was 

limited to OAI participants with radiographic symptomatic OA, as defined by a Kellgren 

Lawrence grade of 2 or greater and a Western Ontario and McMaster Universities 

(WOMAC) Osteoarthritis pain subscale score of greater than 0 for the respective knee.   

The study also excluded all participants in the health control cohort of the OAI study.  

The present study includes all participants of the OAI study, both those with diagnosed 

OA and those at high risk of OA, which permits the extrapolation of these study findings 

to a larger target population.  Additionally, the study by Collins and colleagues only 

examined data from one eligible knee per study participant, whichever had greater 

evidence of OA progression (2015).  The present study’s analyses were conducted using 

all eligible knee data from OAI study participants, which allowed for increased power to 

detect significant differences between subgroups of interest.  Additionally, the Collins 

study included white and non-white participants in their study, whereas the present study 

included only black and white OAI study participants, which allows for a more targeted 

extrapolation of study findings between the two races.    
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Currently, the author is aware of no other published studies which employ OAI 

study data to examine racial difference in reaching theoretical candidacy for TKA.  The 

development of clinically-derived criteria for theoretical candidacy for TKA is an 

important development for the body of literature on the progression of OA and utilization 

of TKA.  These criteria allow for an objective comparison of need for TKA among 

subgroups of interest, in particular, between black and white adults, as well as the ability 

to compare rates of utilization among individuals who have a true and objective need for 

the procedure.  The ability of researchers to identify the point at which an individual has 

reached theoretical candidacy for TKA will facilitate the development of more 

appropriately-timed interventions for reducing disparities in TKA utilization, as well as 

reduced associated disability that is common among individuals with end-stage knee OA. 
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Chapter 3: Methods 

Overview 

This study examined differences between white and black U.S. adults with respect 

to likelihood of undergoing TKR surgery for the treatment of moderate to severe knee 

OA.  This study also estimated differences between white and black U.S. adults in 

likelihood of reaching theoretical candidacy for total knee arthroplasty, or need for TKA.  

These aims were analyzed using data from a large, prospective, observational trial, the 

OAI study, and employing a discrete survival approach. 

Data  

Aims of the present study were assessed using secondary data from the OAI 

study, a prospective, observational study of the development and progression of OA, 

sponsored by the NIH and the NIAMS; the study was approved by all Institutional 

Review Boards of participating institutions.  OAI study participants were enrolled on a 

rolling basis at one of four clinical centers in the U.S.: Ohio State University, University 

of Maryland, Baltimore/Johns Hopkins University joint center, University of Pittsburgh, 

and Memorial Hospital of Rhode Island.   

Participants 

Participants were recruited through focused mailings (e.g., those designed to 

identify clinical populations having OA), advertisements in local newspapers, 

presentations at churches, community, and civic meetings, and development of a website 

about knee pain and knee OA.  Participants were recruited in Pawtucket, Rhode Island, 

Baltimore, Maryland, Pittsburgh, Pennsylvania, Columbus, Ohio and surrounding areas.  

Participants were screened via phone interview to determine eligibility.  All participants 
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screened for participation in the OAI study gave informed consent before any study 

procedures were conducted.  Following an initial telephone evaluation, eligible 

participants completed a clinical screening visit at which additional eligibility 

assessments were performed.  For participants who were still eligible after the clinic 

screening visit, an enrollment clinic visit was scheduled. 

Between February 2004 and May 2006, the OAI study enrolled 4,796 U.S. adults, 

aged 49 to 79 years at baseline.  Of the 4,796 participants, 79.1% were white (20.9% non-

white) and 41.5% were male (58.5% female).  All participants enrolled in the OAI study 

either had symptomatic or radiographic OA, or were at risk of developing OA at the 

study screening visit.  Participants were considered at risk for incident knee OA if they 

met two or more eligibility incident OA risk factors, including knee symptoms in a native 

knee over the past 12 months, being overweight (using weight cut-points derived from 

the National Health Interview Survey), knee injury causing difficulty walking for at least 

a week, history of any knee surgery, family history of OA (in a biological parent or 

sibling), and presence of Heberden’s nodes (in one or more joint in both hands).   

Participants were excluded if they reported having inflammatory (rheumatoid) 

arthritis, bi-lateral end-stage knee OA, previous bilateral knee replacement, or a 

contraindication to 3-Tesla MRI scans.  Participants were also excluded if they used 

ambulatory aids more than half of the time (other than a single cane).   

The study collected data between 2004 and 2016, for a follow-up period of nine 

years; data collection activities were on-going as of July 2016.  Clinical study visits were 

conducted annually at baseline, 12-, 24, 36-, 48-, 72-, and 96-month visits.  After the first 

four years of follow-up, clinical study visits were conducted bi-annually, with phone 
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visits conducted in between clinic visits (at 60- and 84-month visits).   During each clinic 

visit, participants provided information on their health status, physical function, knee 

symptoms and surgeries, activities of daily living, leisure time and household activities, 

physical activity and exercise, work and volunteer activities, and caregiving status.  A 

medication inventory was also conducted.  During each phone visit, participants were 

asked about their health status, physical function, and knee symptoms and surgeries.  

Imaging data 

All eligible knees of study participants underwent radiography at each clinic study 

visit.  Radiography was conducted using the non-fluoroscopic fixed flexion protocol, and 

radiographs assessed by central reading for Kellgren-Lawrence Grade and semi-

quantitative joint space narrowing based on the OARSI atlas (OAI Image Assessment 

Data Overview, 2015).  Automated software was used to measure the minimum joint 

space width in the medial femorotibial compartment. Radiographic progression was 

defined as a decrease from baseline to 24-, 36-, or 48-months in minimum joint space 

width of greater than or equal to 0.7 millimeters. This cutoff was determined on the basis 

of the mean and standard deviation of one year changes in medial minimum joint space 

width in 90 OAI study reference control group knees with a Kellgren-Lawrence grade of 

0 and Western Ontario and McMaster Universities Osteoarthritis pain score of 0 at both 

time points (OAI Image Assessment Data Overview, 2015).  A decrease of greater than 

or equal to 0.7 mm has a 10% probability of being due to measurement error and is 

consistent with values for the minimum detectable differences in medial minimum joint 

space width using other methods. The intraclass correlation coefficient for test-retest 

reliability of change in medial minimum joint space width in OAI knees over 36 months 
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of follow up time (the median duration over which radiographic progression was 

assessed) was 0.96 (OAI Image Assessment Data Overview, 2015). Since radiographic 

progression was determined from changes in medial femorotibial compartment minimum 

joint space width, knees were excluded if they had poor and/or inconsistent positioning 

(defined in terms of medial femorotibial compartment tibial plateau rim distance) on knee 

radiographs at one or more visits that would make measurement of medial femorotibial 

compartment joint space width unreliable. In addition, knees with predominantly lateral 

compartment joint space narrowing at baseline or during follow-up, based on semi-

quantitative assessments, were excluded to avoid misclassification on radiographic 

progression when based only on minimum joint space width changes in the medial 

compartment (OAI Image Assessment Data Overview, 2015). 

Knee Replacement Data  

An OAI study participant was considered to have had a knee replacement if one 

of the following three criteria were met: (1) the replacement was centrally adjudicated by 

the OAI Coordinating Center at the University of California, San Francisco. Two 

adjudicators independently reviewed medical records forwarded by the OAI clinical 

center that document the event (Nevitt et al., 2006). If adjudicators did not agree on an 

aspect of the event, a physician adjudicator reviewed the medical records and/or x-ray 

images to resolve the discrepancies; (2) the replacement was confirmed by x-ray reading 

at the OAI Coordinating Center; (3) a participant self-reported a replacement that had not 

gone through the adjudication process due to a lack of medical records and/or x-ray 

imaging data (Nevitt et al., 2006). 
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Analytic Sample 

Analytic samples for this study were created using longitudinal data from the OAI 

study.  Analyses of racial difference in utilization of TKA (aim 1) included all black and 

white OAI study participants, and employed data at 12-month interval time points 

between baseline and 96-months, for nine years of study follow-up.  Analyses of racial 

differences in reaching candidacy for TKR (aim 2) included black and white OAI study 

participants who had not met criteria for VTKA at baseline, and employed data at 12-

month interval time points between baseline and 48-months, for four years of study 

follow up, as VTKA data were not available for the full follow-up period (more 

information about VTKA data limitations can be found in the limitations section).  

Variables for Analysis 

Table 1 lists the predictors, confounders, and outcome variables analyzed for each 

of the study aims.   
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Table 1. Variables for Analysis 

  

Predictor variables 

Predictor variables were race and measures of socioeconomic status, including 

income, education level, and marital status.  Self-reported race was either black or white; 

all other self-reported racial groups were excluded from the analysis. Household income 

included categories of less than $25,000, $25,000 to $49,999, $50,000 to $99,999, and 

$100,000 or greater.  Education level included categories of high school graduate or less, 

some college, college graduate, some graduate school, and graduate school graduate.  

Marital status was categorized as either married or not married. 

Confounders  

Confounders included sex, age, BMI categories, number of comorbid conditions, 

and need for TKA.  Age was employed as a continuous variable.  Standardized BMI 

categories included normal (18.5 to 24.9 kg/m²), overweight (25.0 to 29.9 kg/m², and 

obese (30.0 kg/m² or greater).  Number of comorbidities was derived from the Katz-

altered Charlson Comorbidity Index (CCI), and categorized as either 0, 1, and 2 or 

greater.   
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Outcome Variables 

Outcome variables included time to incident TKA and time to reaching VTKA, or 

theoretical candidacy for TKA.  VVTKA was constructing using the KOOS quality of 

life subscale and the OARSI Atlas semi-quantitative JSN grading scale.  Criteria for 

reaching VTKA (VTKA=1) include a KOOS quality of life  subscale score of 35 or lower 

and an OARSI  JSN  grade of 2 or greater. 

Confounding 

All predictor variables were tested for potential confounding.  Confounding was 

assessed using a rule whereby each potential confounder was added individually to the 

crude model; any variable that modified the coefficient of race by 0.10 or more was 

assumed to be a confounder, and each such variable retained in all future analyses.   

Effect Modification 

A-priori effect modification testing was conducted using a rule whereby all 

significant interaction terms would be retained in the respective main analyses. 

Race and TKA Utilization 

Previous studies have reported significant interaction effects between measures of 

socioeconomic status and race on utilization of elective joint replacement.  Interaction 

effects affecting utilization of TJR have also been reported between race and certain 

demographic variables, such as age and sex (Agabiti et al., 2007).  On the basis of prior 

research, income, education, sex, and age were tested for effect modification of the 

relationship between race and utilization of TKA (Agabiti et al., 2007).  

A prior study examining predictors of utilization of elective total hip replacement 

found that individuals of low income were less likely than those of higher income to 
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receive total hip replacement.  Results showed that among individuals in the lowest 

income group, the relative probability of undergoing total hip replacement was 

significantly lower for older adults, suggesting that income modifies the effect of age on 

utilization (Agabiti et al., 2007).  This finding was especially true among women, 

suggesting that socioeconomic status may also interact with gender to differentially affect 

utilization of total joint replacement.  Exploratory analyses revealed that there was a 

significant interaction between income and the oldest age category (Agabiti et al., 2007).  

Race and Theoretical Candidacy for TKA 

As no prior studies had employed theoretical candidacy for TKA as an outcome 

measure, no potential effect modifiers of race had been identified.  As a precaution, 

measures of socioeconomic status, age, and sex were also tested for effect modification 

of race on reaching candidacy for TKA.    

Scales 

The OARSI Atlas Joint Space Narrowing Grading System 

The OARSI Atlas semi-quantitative Joint Space Narrowing grading system is one 

criterion used to determine candidacy for knee replacement surgery.  Measured using x-

rays, degree of deterioration of joint space on either the medial or lateral side the right or 

left tibiofemoral joint is categorized as follows: (0) no JSN, (1) mild JSN, (2) moderate 

JSN, and (3) severe JSN (Altman et al., 1987).   

The KOOS questionnaire 

The KOOS questionnaire was designed in the 1990s to assess a patient’s opinion 

about his/her knee and associated problems. The KOOS scale was first used in 

publication in 1998, the psychometric properties of which have been assessed in more 
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than twenty individual studies across the world (Roos & Lohmander, 2003).  The KOOS 

scale was designed to be used over both short- and long-term time intervals for assessing 

change in symptom and function induced by various treatments, including medication, 

surgery, and physical therapy, or following a primary injury or OA progression.  The 

KOOS scale consists of five subscales, including pain, other symptoms, activities of daily 

living, sports and recreation function, and knee-related quality of life (Roos & 

Lohmander, 2003).  The instrument is patient-administered, user friendly, and takes about 

ten minutes to complete.  The time frame considered when answering the KOOS scale 

questions is the previous week.  Answer options are standardized on Likert scale and 

each question is assigned a score ranging from 0 to 4.  A normalized score (100 

indicating no symptoms, 0 indicating extreme symptoms) is calculated for each subscale 

and can be plotted as an outcome profile.  A total score has not been validated and is not 

recommended (Roos & Lohmander, 2003).  The KOOS scale has high test-retest 

reliability.  In patients with knee injury, intraclass correlation coefficients for the pain 

subscale range from 0.85-0.93, symptoms scale from 0.83 to 0.95, the activities of daily 

living scale from 0.75 to 0.91, the sports and recreation scale from 0.61 to 0.89 and the 

quality of life subscale from 0.83 to 0.95 (Roos & Lohmander, 2003).  In patients with 

knee OA, intraclass correlation coefficients for the pain subscale range from 0.80-0.97, 

symptoms scale from 0.74 to 0.94, the activities of daily living scale from 0.84 to 0.94, 

the sports and recreation scale from 0.65 to 0.92 and the quality of life subscale from 0.60 

to 0.91 (Roos & Lohmander, 2003). 
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The Charlson Comorbidity Index 

The Charlson Comorbidity Index (CCI) was originally developed in 1987 as a 

method of categorizing comorbidities on the basis of the International Classification of 

Diseases diagnosis codes for the purpose of quantifying the impact of comorbidities on 

survival (Charlson et al., 1987).  The original version of the index was designed for use 

with inpatient medical records, and included nineteen comorbidity categories, although it 

was late modified to seventeen categories (Deyo et al., 1992).  Each comorbidity category 

has an accompanying weight which is based on a one-year adjusted mortality risk 

(Charlson et al., 1987; Deyo et al., 1992).  The CCI has a range of zero to thirty-three, 

whereby zero indicates no comorbidities and higher scores indicate the presence of 

multiple comorbidities and a higher likelihood of mortality (Deyo et al., 1992).  

Moreover, the CCI has been found to have high reliability and validity (de Groot et al., 

2003; Hall et al., 2006).  In 1996, the CCI was adapted to questionnaire format for use in 

an outpatient setting by Katz and colleagues; the questionnaire version of the CCI has 

high validity and reliability and has greater practicability than the medical record-based 

version (Katz et al., 1996).    

Body Mass Index 

BMI is a reliable alternative for direct measures of body fat and screening tool to 

identify possible weight problems.  BMI is one of the best tools for assessing overweight 

and obesity in the general public, since it is calculated simply by dividing a person's 

weight by their height squared (CDC, 2011; World Health Organization, 2015).  BMI 

values are age-independent and identical for both sexes.  According to the World Health 

Organization, a BMI of 18.5kg/m² to 24.9 kg/m² is considered normal weight, 25.0 kg/m² 
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– 29.9 kg/m² is considered overweight, and 30.0 kg/m² and higher is considered obese 

(2015).   

Aims 

Aim 1 

The primary aim (aim 1) of the present study assessed whether a difference exists 

between black and white U.S. adults with symptomatic knee OA with respect to 

likelihood of undergoing TKA.  It was hypothesized that blacks would have a lower rate 

of utilization of knee replacement surgery than whites, consistent with findings of 

previous studies.  A crude model containing only race, sex, and age variables was 

analyzed for aim 1; a second crude model containing only race, sex, and age was also 

analyzed when including estimates of baseline differences in health; variables 

representing health included standardized BMI categories (normal, overweight, and 

obese) and categories for number of comorbid conditions (0, 1, and 2 or greater), derived 

from the CCI.  

Specific aims and hypotheses for crude model iterations were as follows:  

Crude model: Race, sex, and age only 

 Do black and white U.S. adults with symptomatic knee OA differ in terms of their 

likelihood of undergoing TKA? 

o Null hypothesis: No differences exist between black and white U.S. adults 

with symptomatic OA in terms of utilization of TKA. 

o Alternative hypothesis: Black U.S. adults with symptomatic knee OA are 

less likely to undergo TKA.  

Crude model: Including estimates of baseline differences in health 
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 Do black and white U.S. adults with symptomatic knee OA differ in their 

likelihood of undergoing TKA (after including estimates for BMI category and 

number of comorbidities at baseline)? 

o Null hypothesis: No differences exist between black and white U.S. adults 

with symptomatic OA in terms of utilization of TKA (after including 

estimates for BMI category and number of comorbidities at baseline). 

o Alternative hypothesis: Black U.S. adults with symptomatic knee OA are 

less likely than whites to undergo TKA (after including estimates for BMI 

category and number of comorbidities at baseline). 

The model analyzed for aim 1a included estimates for baseline differences in 

health, and included baseline variables representing reaching theoretical candidacy for 

TKA, or VTKA.  The VTKA (or need for TKA) variable was created such that 

participants reaching VTKA (VTKA = 1) had a KOOS quality of life subscale score of 

less than or equal to 35 and an OARSI joint space narrowing grade of 2 or greater at any 

time point.  The specific aim and hypotheses for model 1a were as follows:  

Model 1a: Including estimates for baseline differences in health and need for TKA 

 Aim 1a: Do black and white U.S. adults with symptomatic knee OA differ in their 

likelihood of undergoing TKA when accounting for baseline need for TKA?  

o Null hypothesis: No differences exist between black and white U.S. adults 

with symptomatic OA in terms of utilization of TKA when accounting for 

need for TKA. 

o Alternative hypothesis: Black U.S. adults with symptomatic knee OA are 

less likely than whites to undergo when accounting for need for TKA. 



 

49 
 

Subaim 1b assessed whether blacks and whites differ in terms of their utilization 

of TKA when accounting for their baseline likelihood of reaching theoretical candidacy 

for TKA, and available resources.  The model analyzed for aim 1b was included 

estimates for baseline differences in health, baseline TKA candidacy (need for TKA), and 

included variables representing available resources; these variables included annual 

household income (less than $25,000, $25,000 to $49,999, $50,000 to $99,999, and 

$100,000 or greater), education level (less than high school  or high school  graduate, 

some college, college graduate, some graduate school, graduate school graduate), and 

marital status (married, not married).  The specific aim and hypotheses for model 1b were 

as follows:  

Model 1b: Including estimates of baseline differences in health, accounting for need for 

TKA and available resources  

 Aim 1b: Do black and white U.S. adults with symptomatic knee OA differ in 

their likelihood of undergoing TKA when accounting for baseline need for 

TKA, and resources?  

o Null hypothesis: No differences exist between black and white U.S. 

adults with symptomatic OA in terms of utilization of TKA (after 

including estimates for BMI category and number of comorbidities at 

baseline) when accounting for need for TKA at baseline, and available 

resources. 

o Alternative hypothesis: Black U.S. adults with symptomatic knee OA 

are less likely than whites to undergo TKA (after including estimates 
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of BMI category and number of comorbidities at baseline) when 

accounting for need for TKA at baseline, and available resources. 

Aim 2                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            

The second aim (aim 2) of the present study assessed whether a difference exists 

between black and white U.S. adults with respect to likelihood of reaching theoretical 

candidacy for TKA.  It was hypothesized that rates of reaching candidacy would be 

greater among blacks.  A crude model containing only race, sex, and age variables was 

analyzed for aim 2; a second crude model containing only race, sex, and age was also 

analyzed when including estimates of baseline differences in health; variables 

representing health included standardized BMI categories (normal, overweight, and 

obese) and categories for number of comorbid conditions (0, 1, and 2 or greater), derived 

from the CCI.  The specific aim and hypotheses for the aim 2 crude models are as 

follows:  

Crude model: Race, sex, and age only 

 Do black and white U.S. adults with symptomatic knee OA differ in terms of 

their likelihood of reaching theoretical candidacy for TKA? 

o Null hypothesis: No differences exist between black and white U.S. 

adults with symptomatic OA in terms of reaching theoretical 

candidacy for TKA. 

o Alternative hypothesis: Black U.S. adults with symptomatic knee OA 

have a higher likelihood of reaching theoretical candidacy for TKA.  

Crude model: Including estimates of baseline differences in health 
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 Do black and white U.S. adults with symptomatic knee OA differ in terms of 

their likelihood of reaching theoretical candidacy for TKA (after including 

estimates of baseline differences in BMI and number of comorbidities)? 

o Null hypothesis: No differences exist between black and white U.S. 

adults with symptomatic OA in terms of reaching theoretical 

candidacy for TKA (after including estimates of baseline differences 

in BMI and number of comorbidities).  

o Alternative hypothesis: Black U.S. adults with symptomatic knee OA 

have a higher likelihood of reaching theoretical candidacy for TKA 

(after including estimates of baseline differences in BMI and number 

of comorbidities). 

Subaim 2a assessed whether blacks and whites differ in terms of their likelihood 

of reaching VTKA when accounting for available resources.  It was hypothesized that 

black U.S. adults with symptomatic OA would have a higher rate of reaching candidacy 

for TKA than whites after accounting for available resources.  The model analyzed for 

aim 2a was included estimates of baseline differences in health and included variables 

representing available resources; these variables included annual household income less 

than $25,000, $25,000 to $49,999, $50,000 to $99,999, and $100,000 or greater), 

education level (less than high school or high school graduate, some college, college 

graduate, some graduate school, graduate school graduate), and marital status (married, 

not married).  The specific aim and hypotheses for model 2a were as follows:  

Model 2a: Including estimates of baseline differences in health and available resources 
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 Aim 2a: Do black and white U.S. adults with symptomatic knee OA differ in their 

risk of reaching theoretical candidacy for TKA when accounting for available 

resources (after including estimates of baseline differences in BMI and number of 

comorbidities)?  

o Null hypothesis: No difference exists between black and white U.S. adults 

with symptomatic knee OA in terms of their risk of reaching theoretical 

candidacy for TKA (after including estimates of baseline differences in 

BMI and number of comorbidities) when accounting for available 

resources.  

o Alternative hypothesis:  Black U.S. adults with symptomatic knee OA 

have a higher likelihood of reaching theoretical candidacy for TKA (after 

including estimates of baseline differences in BMI and number of 

comorbidities). 

Analytic Sample 

The sample population for these analyses consisted of all OAI participants, who 

were U.S. adults who either had or were at high risk of developing symptomatic knee OA 

at the time of study enrollment.  Data from the OAI study provided an appropriate study 

sample for examining racial differences in risk of undergoing knee replacement surgery 

and likelihood of reaching theoretical candidacy for TKA, due in large part to the study’s 

focus on imaging and biospecimen collection and its longitudinal study design.   

The analytic sample for aims 1 and 2 included all participants enrolled in the OAI 

study, regardless of whether they underwent one or more TKAs or whether they met 

criteria for candidacy for TKA during the study period.   
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Study Statistics 

Aim 1:  

The present study employed proportional hazard models to assess whether a 

difference exists in the likelihood of undergoing TKA between black and white U.S. 

adults with symptomatic knee OA.  Models included an indicator term for race (white vs. 

blacks) and a term for change in time (∆t).  Estimated models for each aim included two 

crude models, one unadjusted and one including estimates of baseline BMI and number 

of comorbidities to account for sampling differences in health.  Estimates in aim 1a were 

baseline health variables and need for TKA (as measured by VTKA criteria).  Estimates 

in aim 1b were baseline variables, need for TKA, and available resources (measured by 

socioeconomic status variables).   

 

A model of the form:  

 𝑙𝑛ℎ𝑖 (−𝑙𝑛ℎ𝑖
 (1 − 𝑝𝑟𝑜𝑏 (𝑇𝐾𝐴𝑡2−𝑡1))) =  𝑙𝑛{(∆𝑡)ℎ𝑖}  

 (1) 

was employed, where: 

 ℎ𝑖= hazard rate of TKA for subject i,  

 ∆𝑡= length of time interval (between any two sequential time points), and 

 𝜌(𝑇𝐾𝐴𝑡2−𝑡1)
 = probability of reaching TKA between any two times points  

 Whereby ℎ𝑖 = 𝑒(𝛽0+ 𝛽1+ 𝛽2+ …𝛽𝑛), and:     (2) 

 𝛽0 = model intercept, and 

 𝛽1, 𝛽2…𝛽𝑛 = statistically-derived regression coefficients (the hazard ratio) 

of an associated predictor (e.g., ×1, ×2…×𝑛 respectively)  
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A discrete survival approach was employed in the form of a Cox analogue 

proportional hazards approach because data from the OAI study could not be expressed 

more precisely than at intervals.  This analytic plan allowed for the inclusion of both 

baseline and time-varying covariates.  As seen in equation (2) above, the natural log of 

the hazard rate for subject i is equivalent to the sum of the model intercept and regression 

coefficients (multiplied by their associated regressors), specific to subject i.  As such, a 

general linear model with binary outcome was derived, using a complementary log-log 

link and an offset term equal to ln(∆t), as interval length between time points varied. 

Aim 2:  

The present study employed a Cox analogue proportional hazards model with 

interval-censored time points to assess whether blacks and whites differed in their 

likelihood of reaching theoretical indication for joint replacement, (i.e.., VTKA).  VTKA 

was assessed using objectively-defined criteria derived from recent work by Kimberly 

Shurupoff, MS (2011).  Using decision tree modeling and node pruning, Shurupoff found 

that candidacy for TKA could be reasonably determined using cut points on two 

clinically-validated scales (2011).  These include a KOOS Quality of Life subscale score 

of 35 or lower (scale: 0 – 100, higher scores indicate higher quality of life) and an OARSI 

JSN grade of 2 or 3 (scale: 0 – 3, 0 = normal, 3 = severe) (Shurupoff, 2011).   

Models include an indicator term for race (white vs. blacks) and a term for change 

in time (∆t); combined VTKA criteria were employed as the outcome variable.  Two 

crude models were analyzed and included an unadjusted model and one including 

estimates of baseline health variables (BMI and number of comorbidities).  Aim 2a 
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included estimates for baseline health variables and available resources, as measured by 

socioeconomic status variables including income and education level.   

 

A model of the form:  

 𝑙𝑛ℎ𝑖 (−𝑙𝑛ℎ𝑖
 (1 − 𝑝𝑟𝑜𝑏 (𝑇𝐾𝐴𝑡2−𝑡1))) =  𝑙𝑛{(∆𝑡)ℎ𝑖}   

 (4) 

was employed, where: 

 ℎ𝑖= hazard rate of VTKA for subject i,  

 ∆𝑡= length of time interval (between any two sequential time points), and 

 𝜌(𝑇𝐾𝐴𝑡2−𝑡1)
 = probability of reaching VTKA criteria between any two 

times points. 

Whereby ℎ𝑖 = 𝑒(𝛽0+ 𝛽1+ 𝛽2+ …𝛽𝑛), and:      (3) 

 𝛽0 = model intercept, and 

 𝛽1, 𝛽2…𝛽𝑛 = statistically-derived regression coefficients (the hazard ratio) 

of an associated predictor (e.g., ×1, ×2…×𝑛 respectively) 

Power Calculations 

Aim 1 employed a power calculation derived from the formula:  

 Power = 1 – prob (z > (1.96 – ln(estimated RR) / √ (1/Eb + 1/Ew)))  

 Power = 1 – prob (z > (1.96 – ln(1.2) / √ (1/37 + 1/265)))  

 Power = 1 – prob (z > (1.96 – ln(1.2) / √ (0.02703 + 0.000377)))  

 Power = 1 – prob (z > (1.96 – ln(1.2) / √ (0.027407)))  

 Power = 1 – prob (z > (1.96 – 0.1823 / 0.165551)))  

 Power = 1 – prob (z > (1.96 – 1.1012) 
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 Power = 1 – prob (z > -0.86) 

 Power = 1 – .14 = 0.86 

where: 

 1.2 = estimated risk ratio of whites to blacks for undergoing TKA during the 

study time period, 

 37 = number of TKAs undergone by black participants, and 

 265 = number of TKAs undergone by white participants. 

Given 37 of TKAs undergone by blacks and 265 of TKAs undergone by whites, it will be 

possible to detect a rate ratio of 1.5 with approximately 86% power. 

Aim 2 employed a power calculation derived from the formula:  

 Power = 1 – prob (z > (1.96 – ln(estimated RR) / √ (1/Eb + 1/Ew)))  

 Power = 1 – prob (z > (1.96 – ln(1.51) / √ (1/72 + 1/271)))  

 Power = 1 – prob (z > (1.96 – ln(1.51) / √ (0.0139 + 0.0037)))  

 Power = 1 – prob (z > (1.96 – ln(1.51) / √ (0.0176)))  

 Power = 1 – prob (z > (1.96 – 0.41211 / 0.1327)))  

 Power = 1 – prob (z > (1.96 – 3.106) 

 Power = 1 – prob (z > -1.146) 

 Power =  1 – 0.1251 = 0.8749 

where: 

 1.51 = estimated risk ratio of whites to blacks for meeting criteria for VTKA 

during the study time period, 

 72 = number of VTKAs undergone by black participants, and 

 271 = number of VTKAs undergone by white participants. 
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Given 72 of VTKAs undergone by blacks and 271 of VTKAs undergone by whites, it 

was possible to detect a rate ratio of 1.51 with approximately 88% power.  

 

Chapter 4: Results  

Aims Restated 

The study aims are restated below:  

Aim 1 

Crude model: Race, sex, and age only 

Do black and white U.S. adults with symptomatic knee OA differ in terms of their 

likelihood of undergoing TKA? 

Null hypothesis: No differences exist between black and white U.S. adults 

with symptomatic OA in terms of utilization of TKA. 

Alternative hypothesis: Black U.S. adults with symptomatic knee OA are 

less likely to undergo TKA.  

Crude model: Including estimates of baseline differences in health 

Do black and white U.S. adults with symptomatic knee OA differ in their 

likelihood of undergoing TKA (after including estimates of baseline differences in 

BMI and number of comorbidities)? 

Null hypothesis: No differences exist between black and white U.S. adults 

with symptomatic OA in terms of utilization of TKA (after including 

estimates of differences in BMI and number of comorbidities at baseline). 
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Alternative hypothesis: Black U.S. adults with symptomatic knee OA are 

less likely than whites to undergo TKA (after including estimates of 

differences in BMI and number of comorbidities at baseline). 

Model 1a: Including estimates of baseline differences in health and need for TKA 

Aim 1a: Do black and white U.S. adults with symptomatic knee OA differ in their 

likelihood of undergoing TKA when accounting for baseline need for TKA?  

Null hypothesis: No differences exist between black and white U.S. adults 

with symptomatic OA in terms of utilization of TKA when accounting for 

need for TKA. 

Alternative hypothesis: Black U.S. adults with symptomatic knee OA are 

less likely than whites to undergo when accounting for need for TKA. 

Model 1b: Including estimates of baseline differences in health, accounting for need for 

TKA and available resources:  

Aim 1b: Do black and white U.S. adults with symptomatic knee OA differ in their 

likelihood of undergoing TKA when accounting for baseline need for TKA, and 

resources?  

Null hypothesis: No differences exist between black and white U.S. adults 

with symptomatic OA in terms of utilization of TKA (after including 

estimates of baseline differences in health) when accounting for need for 

TKA at baseline, and available resources. 

Alternative hypothesis: Black U.S. adults with symptomatic knee OA are 

less likely than whites to undergo TKA (after including estimates of 
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baseline differences in health) when accounting for need for TKA at 

baseline, and available resources. 

Aim 2 

Crude model: Race, sex, and age only 

Do black and white U.S. adults with symptomatic knee OA differ in terms of their 

likelihood of reaching theoretical candidacy for TKA? 

Null hypothesis: No differences exist between black and white U.S. adults 

with symptomatic OA in terms of reaching theoretical candidacy for TKA. 

Alternative hypothesis: Black U.S. adults with symptomatic knee OA have 

a higher likelihood of reaching theoretical candidacy for TKA.  

Crude model: Including estimates of baseline differences in health 

Null hypothesis: No differences exist between black and white U.S. adults with 

symptomatic OA in terms of reaching theoretical candidacy for TKA (after 

including estimates of baseline differences in BMI and number of comorbidities).  

Alternative hypothesis: Black U.S. adults with symptomatic knee OA have a 

higher likelihood of reaching theoretical candidacy for TKA (after including 

estimates of baseline differences in BMI and number of comorbidities)? 

Model 2a: Including estimates of baseline differences in health and available resources:  

Aim 2a: Do black and white U.S. adults with symptomatic knee OA differ in their 

risk of reaching theoretical candidacy for TKA when accounting for available 

resources (after including estimates of baseline differences in BMI and number of 

comorbidities)?  
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Null hypothesis: No difference exists between black and white U.S. adults 

with symptomatic knee OA in terms of their risk of reaching theoretical 

candidacy for TKA (after including estimates of baseline differences in 

health) when accounting for available resources.  

Alternative hypothesis:  Black U.S. adults with symptomatic knee OA 

have a higher likelihood of reaching theoretical candidacy for TKA (after 

including estimates of baseline differences in BMI and number of 

comorbidities). 
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Descriptive Statistics 

Table 2. Baseline Demographic Descriptive Statistics (Aim 1) 
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Table 3. Baseline Clinical Descriptive Statistics (Aim 1) 

 

Aim 1  

Tables 2 and 3 show the bivariate relationships between baseline study 

demographics, covariates, and binary race for the aim 1 analytic sample. All demographic 

differences between blacks and whites exceeded the threshold for statistical significance 

(p<0.05), with the exception of working for pay (p=0.96), working without pay (p=0.34), 
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and specific comorbidity variables, including history of heart attack (p=0.45), stroke 

(p=0.97), and surgery to unclog or bypass arteries in the leg (p=0.27).  

Baseline results showed the mean age for whites to be 61.7 years versus 59.0 

years for blacks, and the proportion of females to be slightly higher among blacks than 

whites, 55.7% versus 68.7%, respectively.  Whites and blacks differed greatly in terms of 

marital status, whereby 73.1% of whites were married, while only 37.7% of blacks were 

married.  Whites tended to have higher incomes than blacks, whereby among whites, 

25.9% made $100,000 or greater, 36.5% made between $50,000 and $99,999, 22.3% 

made between $25,000 and $49,999, and 9.1% made less than $25,000.  Among blacks, 

9.0% made $100,000 or greater, 24.5% made between $50,000 and $99,999, 29.3% made 

between $25,000 and $49,999, and 25.4% made less than $25,000.   

Whites tended to have higher levels of education than blacks, whereby 33.8% of 

whites completed graduate school (versus 16.4% of blacks), 9% had some graduate 

school (versus 5.0% of blacks), 23.1% graduated college (versus 12.9% of blacks), 21.1% 

had some college (versus 35.7% of blacks), 10.7% graduated high school (versus 19.1% 

of blacks), and only 2.0% did not complete high school (versus 8.7% of blacks).  With 

regard to employment status, whites and blacks were about equally likely to work for 

pay, 61.5% versus 62.3%, respectively, although a significantly greater proportion of 

blacks than whites were not working due to health reasons, 9.6% versus. 3.6%, 

respectively.  Household size differed by race with 34.1% of blacks living alone 

compared with only 19.0% of whites, and 31.9% of blacks living with one other person 

compared with 54.4% of whites.  
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With regard to clinical variables, whites were significantly more likely to report 

being in excellent health than blacks (21.2% versus 4.8%, respectively); whites were also 

more likely to report being in very good health (49.7% versus 30.0%, respectively).  In 

comparing the distribution of responses to self-rated health, a larger proportion of blacks 

reported being in good, fair, or poor health than whites (63.1% versus 29.0% of whites), 

among whom a large proportion reported being in excellent or very good health (70.9% 

versus 34.8% of blacks).  A large majority of both white and black participants reported 

having zero comorbid conditions (77.8% and 63.6%, respectively), whereas a larger 

percentage of blacks reported having one comorbid condition (20.3% versus 13.5% 

among whites; similar results were reported for having two or more comorbid conditions 

(12.7% of blacks versus 8.1% of whites).    

In terms of walking speed (meters per second), whites walked slower than blacks 

during a 20-meter walk, whereby whites had a mean walking speed of 0.75m/s (SD=0.13) 

as compared with 0.85m/s (SD=0.19) for blacks.  Descriptive statistics also showed that a 

greater proportion of blacks were found to be overweight or obese than whites based on 

their measured BMI (89.4% versus 73.0%, respectively), with fewer blacks reporting 

being of normal weight than whites, 9.9% versus 26.8%.  The proportion of smokers was 

comparable in whites and blacks (never smoked: 53.2% and 48.0%, and smoked, 45.9% 

and 49.4%, respectively).  

Knee function variables included KOOS subscales for pain, quality of life, and 

function; all subscales have a normalized score range of 0 to 100, with lower scores 

indicating greater problems and higher scores indicating no problems.  Mean scores for 

KOOS pain showed significant differences between groups, with whites having higher 
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scores than blacks in both right and left knees (right: 86.6 (SD=15.0) versus 74.8 

(SD=21.1), and left: 87.6 (SD=15.8) versus 75.8 (SD=23.0), respectively).  Mean KOOS 

quality of life subscale scores showed a similar pattern, with whites having higher scores 

than blacks, 69.8 (SD=21.4) versus 57.3 (SD=23.8), respectively.  Mean KOOS sports 

and recreation function subscale scores were similarly different, with whites having a 

mean subscale score of 75.7 (SD=24.0) and blacks having a mean score of 61.2 

(SD=29.3).  Analyses of imaging data showed that blacks tended to have greater OARSI 

joint space narrowing  in both knees compared to whites, right: 20.8% versus 16.0%, and 

left: 18.7% versus 16.6%, respectively.  Moreover, a higher proportion of whites than 

blacks reported having a knee injury in the past year in both knees, right: 29.0% versus 

25.4%, and left: 25.8% versus 22.6%, respectively.        
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Table 4. Baseline Demographic Descriptive Statistics (Aim 2) 
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Table 5. Baseline Clinical Descriptive Statistics (Aim 2) 

 

Aim 2  

Bivariate relationships between baseline study demographics, covariates, and 

binary race for the aim 2 analytic sample are shown in Tables 4 and 5.  All differences in 

demographic variables between black and white participants in the sample met or 

exceeded the threshold for statistical significance (p<0.05) except for working for pay 

(p=0.28), working without pay (p=0.79), and variables representing having specific 

comorbidities, including a history of heart attack (p=0.86), stroke (p=0.95), and surgery 

to unclog or bypass arteries in the leg (p=0.21).  
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Results showed that blacks and whites were similar in age, with whites having a 

mean age of 61.5 and blacks having a mean age of 58.7. The percentage of females in the 

sample was greater for blacks as compared with whites, 69.0% vs. 56.2%, respectively.  

Among blacks and whites, the percentage of participants who were married differed 

substantially, with 73.0% of whites being married, but only 38.6% of blacks.  

Results showed that a greater proportion of whites than blacks had higher levels 

of income and education.  With regard to income level, 26.16% of whites made $100,000 

or greater compared with only 9.76% of blacks; 36.41% of whites made between $50,000 

and $99,999 as compared with 24.69% of blacks.  Those making between $25,000 and 

$49,999 constituted 22.26% of whites compared with 29.43% of blacks.  Those making 

less than $25,000 included only 9.01% of whites, but 25.38% of blacks.  With regard to 

education, 34.36% of whites graduated from graduate school as compared with only 

17.29% of blacks.  Those having some graduate school included 8.98% of whites and 

4.88% of blacks, whereas college graduates included 23.13% of whites and only 12.69% 

of blacks.  Those with some college included 20.65% of whites as compared with 35.84% 

of blacks.  The lowest education level, high school graduate or lower, contained 12.56% 

of whites as compared with 27.06% of blacks.  

Results showed that similar percentages of whites and blacks worked for pay, 

including 62.06% of whites and 63.32% of blacks, respectively. However, a larger 

percentage of black participants were not working due to health reasons as compared 

with blacks, 9.07% versus 3.67%, respectively.  A greater percentage of blacks lived 

alone than whites, 33.33% versus 19.17%, respectively, and those living with only one 

other person included 54.35% of whites and 32.64% of blacks.  
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Results of clinical descriptive statistics found that a larger proportion of whites 

reported being in excellent health as compared with blacks (21.54% versus 5.16%, 

respectively); a greater percentage of whites than blacks also reported being in very good 

health (49.96% versus 30.82%, respectively).  Participants who reported being in good 

health included 49.65% of blacks as compared with only 25.41% of whites.  Moreover, 

11.16% of blacks reported being in fair health, as compared with 2.69% of whites.  

Participants who reported being in poor health made up 1.12% of blacks, but only 0.09% 

of whites.  Regarding number of self-reported comorbid conditions, 78.02% of whites 

and 64.71% of blacks reported having none, 13.40% of whites and 19.67% of blacks 

reported having one, and 7.88% of whites and 12.27% of blacks reported for having two 

or more comorbid conditions.    

Results found that, among participants in the sample, a larger percentage of blacks 

than whites were overweight or obese (88.85% versus 72.16%, respectively).  Among 

those who had BMIs categorized as overweight were 40.34% of whites and 32.36% of 

blacks, while those who had BMIs categorized as obese included 56.49% of blacks and 

31.82% of whites.  Additionally, those in the sample who had ever smoked made up 

53.13% of whites and 48.12% of blacks; those who never smoked made up 45.94% of 

whites and 49.37% of blacks.    

Participants who reported having a knee injury in the past year included 26.78% 

of whites and 23.74% of blacks for the right knee, as well as 23.15% of whites and 

21.30% of blacks for the left knee.  Individuals in the study sample who had an OARSI 

joint space narrowing grade score of 2 or higher in the right knee made up 7.05% of 
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whites and 5.33% of blacks, and those having an OARSI grade of 2 or greater in the left 

knee made up 7.32% of whites and 5.62% of blacks.    

The mean KOOS quality of life score was 70.78 (SD=21.04) for whites and 58.79 

(SD=23.92) for blacks.  Whites also showed higher mean KOOS pain scores than blacks 

in the left (89.81, SD=13.70 versus 77.45, SD=22.43, respectively) and right knees 

(88.22, SD=13.91 versus 77.01, SD=21.11, respectively).  Blacks had a significantly 

lower mean KOOS sports and recreation function subscale score than whites, whereby 

the mean score for whites was 76.73 (SD=23.39) and 62.72 (SD=29.07) for blacks.   

Black participants in the sample had a faster mean walking speed than whites 

during a 20-meter walk, with blacks having a mean walking speed of 0.85m/s (SD=0.13) 

as compared with 0.75m/s (SD=0.18) for whites.   

Exploratory Analyses 

Exploratory analyses were conducted to examine collinearity among variables for 

analyses.  Analyses were also conducted to test for potential confounding and effect 

modification. 
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Table 6. Highly Correlated Confounders (Aims 1 & 2) 

 

Collinearity 

An examination of collinearity among variables for analyses was conducted for 

the purposes of making decisions about the inclusion or exclusion of highly correlated 

variables that would provide duplicitous information to the models. Pearson product-

moment correlation matrices were generated to test for highly correlated variables for 

TKA (aim 1) and VTKA (aim 2) models.  Variables with collinear correlations of 0.60 or 

greater were subject to exclusion from main models. Highly correlated variables 

calculated for purposes of assessing collinearity among variables for analysis are shown 

in Table 6.   

Results of the correlation matrix conducted for TKA models (aim 1) showed 

KOOS function, sports and recreation to be highly correlated with KOOS quality of life 

(r=0.80) and KOOS pain (r=0.70). KOOS pain was also found to be highly correlated 

with KOOS quality of life (r=0.66).  As the KOOS quality of life subscale was a primary 
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variable of interest for the analytic models, the KOOS pain and function, sports and 

recreation subscales were not included in final analyses for aim 1.   

Results of the correlation matrix conducted for VTKA models (aim 2) showed 

similar correlations whereby KOOS function, sports, and recreation was highly correlated 

with KOOS pain (r=0.68) and KOOS quality of life (r=0.79). KOOS pain was found to 

be highly correlated with KOOS quality of life (r=0.64).  Once again, because the KOOS 

quality of life and KOOS subscales was a primary variable of interest in analytic models, 

the KOOS pain and function, sports and recreation subscales were excluded from final 

analyses for aim 2.   

Confounding 

Confounding in the models was assessed whereby each potential confounder was 

added individually to the crude model and tested using a priori rule; variables which 

modified the coefficient of race by 0.10 or more would be identified as a confounder and 

retained in all subsequent models for the respective aim (unless otherwise specified in the 

analytic strategy).  Crude models for aim 1 and aim 2, respectively, were the log hazard 

rate of TKA regressed on race, and the log hazard rate of VTKA regressed on race.  All 

variables of interest were tested for potential confounding, in addition to those specified 

for inclusion in the model. 

Results of confounding tests for all variables are shown in appendix A.  Results of 

confounding tests for variables for potential inclusion are discussed below. 

For aim 1, the crude model showed a coefficient of -0.58 for race regressed on the 

log hazard of TKA. Variables that met the criterion for confounding included age (race 

coefficient=-0.48, change=0.10), education (race coefficient=-0.65, change=0.07), KOOS 
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pain subscale score (race coefficient=-0.86, change=-0.28), baseline BMI category (race 

coefficient=-0.72, change=0.14), and baseline need for TKA criteria (race coefficient=-

0.79, change=0.21). As all variables found to be confounding were already specified for 

entry into subsequent aim 1 models, no additional variables needed to be retained.  

For aim 2, the crude model showed a coefficient of 0.23 for race regressed on the 

log hazard of VTKA. Variables that met the criteria for confounding included age (race 

coefficient=0.32, change=0.09), sex (race coefficient=0.19, change=-0.04), income (race 

coefficient=0.11, change=-0.12), education (race coefficient=0.13, change=-0.1), baseline 

BMI (race coefficient=-0.004, change=-0.23), and baseline number of comorbidities (race 

coefficient=0.16, change=-0.07).  Similar to aim 1, variables found to be confounding for 

aim 2 were already specified for entry into aim 2 models; therefore, no confounding 

variables were retained in subsequent models. 

Effect Modification 

I tested for all possible interactions between race and measures of socioeconomic 

status (education level and household income).  Age and sex were also tested for effect 

modification in models examining the relationship between race and utilization of total 

knee arthroplasty.  Effect modification was conducted for aims 1 (race and utilization of 

TKA) and aim 2 (race and reaching theoretical candidacy for TKA) using a rule whereby 

all significant interaction terms found to be would be retained in the respective main 

analyses.  

Variables were tested for effect modification of race on utilization of TKA (aim 

1) and reaching VTKA (aim 2) analyses.  Interaction terms were generated for each 

variable (for categorical variables, terms for each level) with all other variables in the 
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model iteration.  Model results did not find any significant interaction terms for aims 1 or 

2; the cut point significance level was p<.05.  Therefore, no interaction terms were 

retained in the main analyses. 

Main Models 

Cox-analogue proportional hazards models and generalized estimating equations 

models were employed to conduct the main analyses.  As the GEE method is not a 

likelihood-based approach, model fit could not be compared using the Akaike’s 

Information Criterion (AIC) statistic.  Rather for main analyses, goodness of model fit 

was compared using the Quasilikelihood under the Independence model Criterion (QIC) 

and the correctly specified model Quasilikelihood under the Independence Criterion 

(QICu). 

QIC and QICu were reported for each model in aims 1 and 2; QICu is defined as 

Q+2p, and adds a penalty to the quasi-likelihood (Q), where p is equal to the number of 

parameters in the model.   QICu approximates QIU when the model is correctly specified.   
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Table 7. Results of Aim 1 Crude Model Analyses 

 

Aim 1 

Table 7 shows the results of the crude model analyses for aim 1; the QIC and 

QICu were 3300.09 and 3300.73, respectively.  The crude model for aim 1 included only 

race, sex, and age variables; all three variables met the threshold for statistical 

significance (p<0.05).  The hazard ratio of blacks undergoing TKA was 0.60 (p=0.0117) 

compared to whites.  The hazard ratio of females undergoing TKA was 1.35 (p=0.0255) 

compared with males, and for every year increase in age, the hazard ratio of reaching 

TKA increased by 0.04 (p<0.0001).      
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After including estimates of baseline differences in health, including BMI 

category and number of comorbidities, the model QIC and QICU decreased to 3264.83 

and 3265.76, respectively, indicating slightly better fit than the base crude model.  The 

hazard ratio of blacks undergoing TKA compared to whites decreased in magnitude as 

compared with the crude model but remained significant (e^(β)=0.49, p=0.0006); the 

hazard ratio of females undergoing TKA compared to males increased in size and 

remained significant (e^(β)=1.43, p=0.0073), and for every year increase in age, the 

hazard ratio of reaching TKA increased by 0.04 (e^(β)=1.04, p<0.0001).   

Table 8. Results of Aim 1a Model Analysis 

 

Table 8 shows the results of aim 1a model analyses; with the addition of the 

baseline need for TKA variable, the model QIC and QICU decreased even further to 

3073.61 and 3074.76, respectively, indicating better fit than either of the crude models.  

The hazard ratio of blacks undergoing TKA compared to whites again decreased, but 
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remained significant (e^(β)=0.41, p<0.0001); the hazard ratio of females undergoing 

TKA compared to males increased with the addition of baseline need for TKA, and 

remained significant, (e^(β)=1.57, p=0.0006).  For every year increase in age, the hazard 

ratio of reaching TKA increased by 0.03 (e^(β)=1.03, p<0.0001).  Baseline need for TKA 

was found to be significant in the model; the hazard ratio of meeting criteria for 

theoretical TKA compared with not meeting theoretical VTKA was substantial and 

significant (e^(β)=7.17, p<0.0001) 
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Table 9. Results of Aim 1b Model Analysis 

  

Table 9 shows the results of aim 1b model analyses.  For aim 1b, variables 

representing socioeconomic status predictors (household income, education level, marital 

status) were included in the model in addition to all variables from the previous model.  

The model QIC and QICU decreased substantially with the addition of variables 

representing resources, to 2689.52 and 2691.68, respectively, indicating much better fit 

than the aim 1a model.  Results showed that the hazard ratio of blacks undergoing TKA 
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compared to whites increased as compared to the previous model (1a) results, and 

remained significant (e^(β)=0.50, p=0.0016); the hazard ratio of females undergoing 

TKA compared to males increased from that of model 1a and remained significant 

(e^(β)=1.80, p<0.0001). For every year increase in age, the hazard ratio of having TKA 

increased by 0.04 (e^(β)=1.04, p<0.0001).  The hazard ratio of having TKA also 

increased for those meeting VTKA criteria at baseline as compared with model 1a and 

remained significant (e^(β)=8.25, p<0.0001) 

Results showed the hazard ratio of individuals in the highest income category 

($100,000 or greater) undergoing TKA compared with those in the lowest category (less 

than $25,000) was substantial and statistically significant (e^(β)=1.99, p=0.0193); the 

hazard ratio of individuals in the next highest income category ($50,000 to $99,999) 

undergoing TKA compared with those in the lowest category (less than $25,000) did not 

meet the threshold for significance, although it came close (e^(β)=1.67, p=0.0564). The 

hazard ratio of the remaining annual household category ($25,000 to $49,999) compared 

to the reference category (less than $25,000) was non-significant (p=0.2300).  No levels 

of education were found to be statistically significant in the model.  However, the hazard 

ratio of married individuals undergoing TKA compared their unmarried counterparts was 

found to be statistically significant (e^(β))=1.42, p=0.0233).  
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Table 10. Results of Aim 2 Crude Analyses 

 

 

 

 

 

 

 

 

 

 

 

 

Aim 2 

Table 10 shows the results of aim 2 crude model analyses; the QIC and QICu for 

the base crude model were 3838.27 and 3838.09, respectively.  Results of Aim 2 base 

crude model including only race, sex, and age also found all three variables to be 

statistically significant.  The hazard ratio (e^(β)) of reaching candidacy for TKA, or 

VTKA, was 1.32 for blacks compared to whites and statistically significant (p=0.033).  

The hazard ratio of females reaching VTKA was 1.38 compared with males (p=0.0055), 

and for every year increase in age, the hazard ratio of reaching VTKA increased by 0.03 

(p<0.0001).   
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After including estimates of baseline differences in health, including BMI 

category and number of comorbidities, the adjusted crude model QIC and QICu 

decreased to 3692.19 and 3691.68, respectively, indicating better model fit than the crude 

model.  The inclusion of baseline health variables caused the hazard ratio of blacks 

reaching candidacy for TKA  compared to whites to become non-significant in the model 

(e^(β)=0.97, p=0.8149); the hazard ratio of females reaching VTKA compared to males 

increased from the crude model and remained statistically significant (e^(β)=1.51 

(p=0.0005), and for every year increase in age, the hazard ratio of reaching VTKA 

increased by 0.03 (e^(β)=1.03, p<0.0001).  The hazard ratio of reaching candidacy for 

TKA among individuals with BMIs in the overweight category was 1.88 as compared 

with that of individuals in the normal BMI category (p=0.0005).  Moreover, the hazard 

ratio of reaching candidacy for TKA for those in the obese BMI category was 3.53 as 

compared with those in the normal BMI category (p<0.0001).  Baseline categories for 

number of comorbidities were not significant in the model.  



 

82 
 

Table 11. Results of Aim 2a Analyses 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 11 shows the results of the aim 2a model analysis.  The QIC and QICu for 

aim 2a were 3406.09 and 3405.33, respectively, indicating better fit than the previous 

models for aim 2.  For aim 2a, variables representing socioeconomic status (household 

income, education level, marital status) were added to the previous crude model iteration.  

Results showed that the hazard ratio of blacks reaching VTKA compared to whites 

remained insignificant (e^(β)=0.97, p=0.8598).  The hazard ratio of reaching VTKA for 

females as compared to males increased from the previous crude model, and remained 

statistically significant (e^(β)=1.52 (p=0.0012).  For every year increase in age, the 
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hazard ratio of reaching VTKA increased by 0.03 (e^(β)=1.03, p<0.0001).  Variables 

representing socioeconomic status were not significant, with the exception of one 

education category and marital status.  The hazard ratio of reaching candidacy for college 

graduates as compared with high school graduates or less was 0.62 (p=0.0178).  The 

hazard ratio of married individuals reaching candidacy for total knee arthroplasty 

compared their unmarried counterparts was 1.37, and was statistically significant 

(p=0.0274).  
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Chapter 5: Discussion 

Contribution of Research 

Findings of the present study contribute to the existing body of literature on racial 

differences in utilization of TKA, and have important implications for future research.  

Results confirm those of previous studies reporting that blacks are substantially less 

likely to undergo TKA (Mahomed et al., 2005; Skinner et al., 2006); more importantly, 

they provide solid evidence that socioeconomic factors alone do not account for 

differences in rates of TKA utilization over time between black and white U.S. adults.  

These findings also highlight the condition of being overweight or obese as an important 

risk factor for the progression of OA, support for which has been well-documented in the 

literature (Johnson & Hunter, 2014; Grotle et al., 2008).   

Discussion of Aim 1 Findings 

The primary finding of aim 1 was that blacks maintained a substantial and 

statistically significant lower likelihood of undergoing TKA than their white 

counterparts, even after accounting for measures of socioeconomic status.  These findings 

were consistent with the all of the researcher’s aim 1 hypotheses that blacks would be 

less likely to undergo TKA than whites, including (aim 1 crude models) before and after 

accounting for baseline differences in health, (aim 1a model) after accounting for need 

for TKA, and (aim 1b model) when accounting for socioeconomic status.  However, 

results of model 1b also showed that controlling for measures of socioeconomic status 

(income and education) was consistent with an approximate 0.1 increase in the hazard 

ratio of blacks undergoing TKA as compared with whites (model 1a: e^(β)=0.41 and 

model 1b: e^(β)=0.50).   Interestingly, overweight and obese participants had 
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significantly greater hazard ratios as compared with those who not overweight and not 

obese, respectively (overweight: e^(β)=1.71 and obese: e^(β)=2.32).  

Contribution of Aim 1 Results  

Findings from aim 1 of the present study confirm those of previous studies that 

socioeconomic status is associated with reduced utilization of health services (Agabiti et 

al., 2007; Hawker et al., 2002; Mahomed et al., 2005, Skinner et al., 2006).  However, the 

present study provides evidence that reduced utilization of TKA by blacks as compared 

with whites is only partially attributable to socioeconomic status factors.  Findings of the 

present study confirm those of previous studies that other factors which were not 

examined in this study are likely contributing to blacks’ persistent underutilization of 

TKA (Mahomed et al., 2005; Skinner et al., 2006).   

Discussion of Aim 2 Findings 

A key finding of aim 2 is that the effect of race on progression of OA to 

theoretical candidacy for TKA became nonsignificant when adjusting for differences in 

BMI.  Although the base crude model showed race to be a significant predictor of 

reaching candidacy for TKA, with blacks being more likely to reach VTKA than whites 

(HR=1.32, p<0.033), race was not  a significant predictor after including estimates of 

baseline differences in BMI and number of comorbidities.  These findings confirm the 

null hypothesis of the adjusted crude model that no differences by race exist in likelihood 

of reaching VTKA.  While results of the adjusted crude model showed that differences in 

comorbidity levels were not significant, both overweight and obese categories of BMI (as 

compared to normal BMI) were significant predictors of reaching VTKA (overweight: 

e^(β)=1.88, p=0.0005 and obese: e^(β)=3.53, p<0.0001).  Race was also not found to be 
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significant in analyses of the aim 2a model, which included estimates for BMI, number of 

comorbidities, and socioeconomic factors.  However, the addition of socioeconomic 

factors led to a marked increase in the hazard ratio of reaching VTKA both for being 

overweight (e^(β)=2.25, p<0.0001) and obese (e^(β)=4.22, p<0.0001).   

Contribution of Aim 2 Results  

Results of aim 2 findings illuminate obesity as a critical predictor of progression 

of OA to candidacy for TKA, as has been shown in previous studies (Grotle et al., 2008; 

Johnson & Hunter, 2014).  In addition, this study demonstrates that including estimates of 

socioeconomic factors significantly increased the hazard ratio of progression to 

candidacy for TKA among U.S. adults who are overweight or obese.  This finding adds to 

the considerable body of literature identifying weight as an important and modifiable risk 

factor for progression of OA (Coggin et al., 2001; Felson et al., 1988; Silverwood et al., 

2015; Sturmer, Gunther, & Brenner, 2000).  Numerous studies have demonstrated that 

among U.S. adults, blacks tend to have a higher prevalence of being overweight and 

obese than whites (Flegal et al., 2012; Paeratakul et al., 2002; Wee et al., 2003).  Further, 

recent literature indicates that total knee arthroplasty in obese patients (those with a BMI 

of 30kg/m² or greater) is associated with greater short-term risks, such as risk of wound 

complications and deep infections, as well as long-term risks, including a higher rate of 

revision as compared with non-obese patients (Amin et al., 2010; Dowsey et al., 2010; 

Kerkoffs et al., 2012).  Clinicians should advice obese patients considering knee 

replacement should of the possible complications of TKA and counseled for pre-surgical 

weight loss (Kerkoffs et al., 2012).  However, weight loss in obese with severe knee 

osteoarthritis is difficult, as symptoms tend to limit their ability to exercise (Dowsey et 
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al., 2010).  While it is beyond the scope of this study, it is possible that a higher 

prevalence of overweight and obesity among blacks may also be related to their 

underutilization of total knee arthroplasty.   

SES and TKA utilization  

A limited number of recent studies have examined the effect of socioeconomic 

status on utilization of TKA (Mohamed et al., 2005; Skinner et al., 2006).  Still, the 

present study is not the first to conclude that socioeconomic factors alone do not explain 

the substantial difference in utilization of TKA by black and white older adults in the 

United States. A 2006 study by Skinner and colleagues examined whether high-income 

Medicare beneficiaries aged 60 years or older were more likely than low-income 

beneficiaries to have TKA.  Age-adjusted logistic regression analyses showed that high-

income beneficiaries were approximately equally likely to undergo total knee arthroplasty 

as low-income beneficiaries (Skinner et al., 2006).  Results revealed a substantial 

difference in utilization of TKA by race, whereby black men had significantly lower odds 

than white men to undergo TKA (OR=0.359, p=0.05).  Interestingly, black women were 

found to have slightly higher odds than white men women to undergo TKA (OR=1.015, 

p=0.05) (Skinner et al., 2006).  Results of the study also noted a significantly greater odds 

of females undergoing TKA than males after including estimates of socioeconomic 

factors (OR=1.80, p<0.0001), although, no significant interaction effects between race 

and gender were noted in exploratory analyses of potential effect modifiers (Skinner et 

al., 2006).   

Another study of Medicare beneficiaries by Mahomed and colleagues found that 

socioeconomic factors had a substantial effect on utilization of TKA after adjustment for 
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race, gender, and age (2005).  Results showed that participants qualifying for Medicaid 

supplementation had lower odds of undergoing total knee replacement than individuals 

who did not qualify (OR=0.74, 95% CI: 0.82 – 0.98) (Mahomed, 2005).  Although 

previous studies differ in estimates of the impact of socioeconomic factors on TKA, they 

all provide support for the hypothesis that other non-socioeconomic factors also influence 

likelihood of TKA utilization across race.   

One important distinction between these prior studies and the present study 

should be noted; the present study was not limited to Medicare beneficiaries, while 

studies by Skinner et al. and Mahomed and colleagues were.  Although Medicare does 

not fully cover the cost of TKA utilization, it does cover a substantial portion (About 

Medicare and Knee Replacement Surgery, 2015).  Thus, it is reasonable to conclude that 

some of the differences in TKA utilization rates not attributable to socioeconomic status 

in the present study may be attributable to differences in insurance coverage status; data 

on insurance coverage were not available for the present study, constituting a limitation.  

Moreover, the results of this study show that other factors not captured here are 

differentially influencing the rates of TKA utilization by black and white U.S. adults.     

Discussions of other factors which may affect rates of TKA utilization, as well as 

suggestions for future research, are below.  

Other Factors affecting utilization of TKA 

Previous studies examining race and utilization of elective joint replacement 

suggest that blacks choose not to undergo surgery for a variety of reasons, some of which 

have not been well researched.  Some of the factors believed to mediate the likelihood of 

blacks choosing to undergo elective joint replacement surgery include health literacy, 
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perceptions of TKA, quality of patient-provider communication, and patient trust in their 

physicians (Allen et al., 2014; Armstrong et al., 2007; Emejuaiwe et al., 2007; Figaro, 

Williams-Russo, & Allegrante, 2005; Katz, 2001; Mantwill, Monestel-Umana, & 

Schultz, 2015; Morgan & Slover, 2011; NIH Consensus Statement, 2003; Stewart et al., 

2014).  

Health Literacy 

Previous research suggests that low health literacy is a mediating factor leading to 

lower utilization of TKA by black U.S. adults (Katz, 2001; Mantwill, Monestel-Umana, 

& Schultz, 2015; Morgan & Slover, 2011).  Health literacy can be defined as the degree 

to which individuals have the capacity to obtain, process, and understand basic health 

information and services needed to make appropriate health decisions (Mantwill, 

Monestel-Umana, & Schultz, 2015).  A 2011 study of racial disparities in total joint 

replacement reported health literacy to be “a widespread problem that removes the impact 

and effectiveness of even the most successful healthcare interventions such as hip and 

knee arthroplasty” (Morgan & Slover, 2011, p. 1888).   

Research indicates that reduced comprehension of the risks and benefits of TKA 

is more prevalent among underrepresented minority communities (Morgan & Slover, 

2011).  Moreover, health literacy has been shown to be correlated with many of the same 

factors that underlie health disparities in utilization of health care services (Mantwill, 

Monestel-Umana, & Schultz, 2015).  Inadequate health literacy is also associated with 

socioeconomic factors, such as low income and low education (Schillinger et al., 2006).  

Not surprisingly, studies suggest that people with lower health literacy tend to have 

poorer health outcomes than those with greater health literacy (Baker et al., 2002; 
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Mantwill, Monestel-Umana, & Schultz, 2015). Moreover, a 2015 systematic review of 

health literacy in the care of surgical patients revealed that orthopedic pre-operative 

patients having total joint replacement exhibited the highest prevalence of inadequate 

health literacy out of the ten studies reviewed (de Oliveira Jr. et al., 2015).     

To this researcher’s knowledge, no studies have been conducted that examine the 

impact of race and health literacy on utilization of total knee replacement.  However, a 

2013 study by Ibrahim and colleagues assessed the efficacy of a patient-centered decision 

aid and/or motivational interviewing on patient willingness to consider joint replacement 

surgery among black patients with knee OA.  Results found that patients who received 

decision aids exhibited increases in willingness to consider joint replacement compared 

to their baseline willingness to consider joint replacement (OR=1.96, p<0.05) (Ibrahim et 

al., 2013).  Results of this study suggest that improving health literacy among patients 

with moderate to severe lower extremity OA may increase willingness to undergo total 

joint replacement surgery, and, presumably, likelihood of undergoing TJR.   

Patient Preferences 

It has been proposed by some researchers that racial differences in preferences for 

health care are simply the consequence of variation in personal or cultural values 

(Armstrong, Hughes-Halbert, & Ach, 2006).  However, others have cautioned against this 

assumption, arguing that decisions which appear to be attributable to personal preference 

are often largely shaped by modifiable practices of health care systems.  Thus, under such 

circumstances, it would be misleading to infer that refusal or avoidance of treatment to be 

an expression of personal preference (Armstrong, Hughes-Halbert, & Ach, 2006).     
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A 2013 article by Ibrahim and colleagues provides an illuminative description of 

patient preference which is relevant to the current discussion: “Patient preference is, in 

part, an attitudinal disposition whose activation can be subject to the moderating effects 

of familiarity or knowledge regarding the treatment” (Ibrahim et al., 2013, p. 1254).  

Recent studies have coined the term “willingness” to represent a patient’s preference for 

or against undergoing total joint arthroplasty for the treatment of OA  (Allen et al., 2014; 

Hawker et al., 2004; Ibrahim et al., 2013; Keurentjes, Fiocco, & Nelissen, 2014; Kwoh et 

al., 2015; Vina et al., 2016).          

Previous studies have reported that blacks expect poorer outcomes from total joint 

replacement and are less willing to consider joint replacement if recommended (Allen et 

al., 2014).  These findings have prompted further studies examining whether racial 

differences in willingness to consider elective joint replacement are attributable to 

differences in perceptions of TJR by race (Allen et al., 2014). Results of a 2014 study by 

Allen and colleagues used data from the Johnston County Osteoarthritis Project to study 

this aim.  Results found that blacks had poorer perceptions of TJR than whites across 

nearly every measure and were less willing to undergo TKA, even when adjusting for 

demographic factors, general and OA-related health factors (Allen et al., 2014).  These 

results affirm those of previous studies reporting that blacks tend to have more negative 

perceptions of joint replacement as a treatment for lower extremity OA than whites 

(Emejuaiwe et al., 2007; Figaro, Williams-Russo, & Allegrante, 2005; Ibrahim et al., 

2013).  Additionally, these findings suggest that patient preference may be due, in part, to 

reduced knowledge and understanding of elective joint replacement.    



 

92 
 

These findings provide evidence that perceptions of TJR influence willingness to 

undergo total joint replacement (Emejuaiwe et al., 2007; Figaro, Williams-Russo, & 

Allegrante, 2005; Ibrahim et al., 2013).  In fact, recent studies report that willingness to 

consider TJR may be the strongest predictor of length of time to joint replacement 

(Emejuaiwe et al., 2007; Figaro, Williams-Russo, & Allegrante, 2005). As such, it can 

reasonably be concluded that negative perceptions of TJR and reduced willingness to 

undergo TKA are associated with reduced TKA utilization by black Americans.   

Patient-Provider Communication 

Patient-provider communication has been shown to be a critical aspect of health 

care quality and to have a wide range of effects on health outcomes (Haywood et al., 

2014).  Effective patient-provider communication has been shown to be correlated with 

higher levels of patient satisfaction and the resolution of health symptoms (Haywood et 

al., 2014).  Additionally, patients who understand their doctors have been found to be 

more likely to recognize their health problems, understand their treatment options, and 

exhibit better adherence to medication and medical advice (Haywood et al., 2014; 

Travaline, Ruchinskas, & D’Alonzo, 2005).   

Prior research indicates that the quality of patient-provider communication can be 

impaired when doctors have poor communication skills, use medical language that 

patients do not understand or misunderstand, exhibit avoidant behaviors, discourage 

collaboration, limit discussions by interrupting or leaving the room, or do not provide 

sufficient information for informed decision making (Armstrong, Hughes-Halbert, & 

Ach, 2006; Ha, Anat, & Longnecker, 2010).  Communication can also breakdown when 

physicians discourage patients from voicing concerns, asking questions, or requesting 
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more information (Ha, Anat, & Longnecker, 2010).  Lack of understanding by patients or 

lack of consensus regarding treatment can cause patients to feel disempowered and be 

less likely to achieve their health goals, which may lead to therapeutic failure (Ha, Anat, 

& Longnecker, 2010).     

Racial variation in patient-provider communication has been documented in 

various health care settings.  A recent study of patient-provider communication in the 

primary care setting report that discussions between black patients and their providers 

tend to be more narrowly focused on biomedical issues, less patient-centered, more 

dominated by physicians, and less positive in terms of patient and physician affect 

(Hausmann et al., 2011).  Still other studies examining differences in patient-provider 

communication in discussions of treatment for other conditions, including HIV, lung 

cancer, breast cancer, and depression, have reported that blacks are generally less likely 

to talk during discussions with physicians and less likely to engage in rapport building 

than white  patients (Hausmann et al., 2011).  Black patients also tend to report lower 

quality patient-provider communication than white patients (Armstrong, Hughes-Halbert, 

& Ach, 2006; Haywood et al., 2014).  These findings may be due, in part, to racial 

discordance between black patients and their providers, which has reportedly been linked 

to shorter patient visits and lowered patient participation in decision making (Armstrong, 

Hughes-Halbert, & Ach, 2006).   

    While no studies to date have examined the impact of race and patient-provider 

communication on utilization of TJR, a recent study assessed racial differences in patient-

provider communication regarding treatment for chronic knee and hip OA using a sample 

of black and white patients from Veterans Affairs orthopedic clinics (Hausmann et al., 
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2011).  Results found no significant differences between blacks and whites with regard to 

length of visit, amount of dialogue, patient activation/engagement statements, physician 

verbal dominance, display of positive affect by patients or providers, or discussion related 

to informed decision making (Hausmann et al., 2011).  Although these findings do not 

provide support for improving patient-provider communication among black Americans 

in orthopedic settings as a mechanism for reducing racial disparities in TJR, it is possible 

that the study sample was not representative of the larger population of American adults 

affected by OA who are seen in non-Veterans Affairs clinical settings.   

Patient Trust in Provider  

Trust has been shown to be a crucial aspect of the therapeutic alliance between 

patients and their providers (Boulware et al., 2003; Guffey & Yang, 2012).  As it relates 

to healthcare, trust has been characterized as the result of both interpersonal experiences 

with doctors and trust in health care as a system (Guffey & Yang, 2012). Interpersonal 

trust encompasses both direct and indirect aspects of physician interactions.  Direct 

interpersonal trust (also referred to as fiduciary trust), in a physician captures a patient’s 

belief that their physician will act in their best interests and not take advantage of his or 

her vulnerability (Guffey & Yang, 2012; Mollborn, Stepanikova, & Cook, 2005).  

Indirect trust describes a patient’s trust in the behaviors of physicians in general.  

Previous studies of physician trust have generally employed global measures of trust that 

are made up of both direct and indirect measures of trust in physicians (Guffey & Yang, 

2012).    

Trust of patients in their providers has been reported to be associated with a wide 

range of health care outcomes, including a patient’s likelihood to seek regular medical 
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care and maintain long-term relationships with their medical providers (Boulware et al., 

2003; Guffey & Yang, 2012; Mollborn, Stepanikova, & Cook, 2005).  Greater patient 

trust in their providers has also been linked to more effective patient-provider 

communication, greater patient satisfaction, and increased acceptance, compliance, and 

adherence to medical advice and recommendations (Boulware et al., 2003; Guffey & 

Yang, 2012; Mainous et al., 2001; Mollborn, Stepanikova, & Cook, 2005).  Moreover, 

patients who have trust in their providers have been found to have better health outcomes 

than patients who do not trust their providers (Mollborn, Stepanikova, & Cook, 2005).   

A limited amount of research has been conducted examining the influence of 

provider trust on racial differences in health care utilization (Mollborn, Stepanikova, & 

Cook, 2005).  However, among these, a large proportion has examined trust and race 

specific to a particular medical condition or type of health services.  To the researcher’s 

knowledge, no studies have examined the impact of trust on racial differences in 

likelihood of undergoing TKR surgery.  However, previous studies have examined the 

relationship between trust and racial differences in utilization of preventive health 

services (Musa et al., 2009), as well as in the management and treatment of lupus (Vina 

et al., 2012), HIV (Saha et al., 2010), diabetes (Traylor et al., 2010), hypertension (Jones 

et al., 2012; Martin et al., 2013), inflammatory bowel disease (Nguyen et al., 2009), and 

various forms of cancer (Hillen, de Haes, & Smets, 2011; Jackson & Vega, 2016; Kaiser 

et al., 2010; Morris et al., 2016).  These previous studies have reported mixed results.   

A study by Musa and colleagues examined the effect of trust on utilization of 

various preventive health services by race (2009).  Results found that blacks were less 

likely than whites to have trust in their own doctor, but more likely to trust informal 
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health information sources (Musa et al., 2009).  Researchers also found that blacks had 

significantly higher odds  than whites to have undergone a mammogram in the past two 

years, (OR=2.02, p<0.001); results of the model showed that individuals reporting greater 

trust in their physician had  substantially higher odds  to have had a mammogram than 

those with lower trust  (OR=3.97, p<0.05) (Musa et al.. 2009).  Additionally, the odds of 

men receiving a prostate-specific antigen (PSA) blood test to screen for prostate cancer 

were substantially higher for men who reported greater trust in their doctor compared 

with those reporting lower trust (OR=8.59, p<0.001) (Musa et al.. 2009).   

 A 2009 study by Nguyen and colleagues examined patients’ trust in their 

physician and race as predictors of adherence to medical management of inflammatory 

bowel disease.  Results found that greater physician trust was correlated with higher 

adherence to treatment (R=-0.30).  Adherence was found to be higher among white 

patients than among blacks (15.6 vs. 14.0, p=0.0002) (Nguyen et al., 2009).  Both 

physician trust and race remained predictors of adherence to medical management after 

adjustment for socioeconomic and demographic and clinical predictors (e.g., 

employment, income, health insurance, marital and socioeconomic status, and 

immunomodulator therapy) (Nguyen et al., 2009). Results found that greater physician 

trust was associated with increased adherence to treatment (OR=1.36, p=0.003).  

Moreover, blacks had significantly lower odds of adherence to treatment than whites 

(OR=0.29, p=0.037) (Nguyen et al., 2009).  

 These study findings suggest that racial differences in provider trust likely 

contribute to underutilization of health care services among black Americans.  However, 

it is clear that the influence of physician trust on utilization varies by type of health 
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service, whereby trust may have little impact on utilization for certain services (e.g., 

receiving a flu shot), but significant impact on utilization of other services (e.g., receiving 

a mammogram).   

Study Limitations 

This study is not without limitations, as any study conducting secondary analyses 

is constrained by the limits of the original study focus and related data collection.  In 

addition to not having data to represent the aforementioned factors (e.g. TKA-specific 

health literacy, patient preferences for OA treatment, quality of patient-provider 

communication, and patient trust in their provider) that may affect TKA utilization, this 

study has several limitations.  One limitation of this study is that data from the OAI study 

are not nationally-representative.  However, rates of TKA by race that have been 

estimated in nationally-representative Medicare samples show similarly large 

statistically-significant differences, including a 2009 study by Cisternas and colleagues 

which found the rate of TKA by blacks was 37% lower than among whites in 2000, and 

39% lower in 2006.  Despite the present study data not being nationally-representative, 

they were derived from the largest prospective study conducted to-date which 

encompassed high-quality knee imaging data for examining the progression of OA, as 

well as which captured the necessary clinical, socioeconomic, and sociodemographic 

measures to comprehensively assess factors predicting knee replacement surgery across 

race.    

A second limitation of this study is that complete data regarding health insurance 

coverage were not collected.  Previous studies have established that lack of health 

insurance coverage is a major barrier to utilization of health services, particularly among 
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minorities (Matlock, Earnest, & Epstein, 2008; Scheppers et al., 2006).  Health insurance 

coverage data were not explicitly collected by investigators of the OAI study, although 

researchers did include a measure of insurance coverage of (all or part of) the cost of 

medications, which may have some utility as a surrogate measure of insurance status.  

Moreover, no measures of social support were included by OAI study investigators.  

Social support has been shown to be an important determinant of preference for 

undergoing total joint replacement surgery, and previous studies have demonstrated that 

blacks tend to report less structural and functional social support than their white 

counterparts (Vina et al., 2013).  However, marital status was employed by the present 

study as a measure of social support.   

Additionally, Enrollment of obese and morbidly obese patients in the OAI study 

was limited due to inclusion criteria requiring ability to undergo radiological imaging 

using a 3 Tesla Magnetic Resonance Imaging; participants who were too large to undergo 

imaging were not enrolled.  As enrollment of obese participants was truncated, it is 

possible that findings related to obesity (seen in aim 2 models) could be even greater 

among morbidly obese older adults with symptomatic OA.  

Another limitation of these data is that follow-up time for reaching VTKA, or 

theoretical candidacy for TKA, was not sufficient to determine the true rate of 

progression among blacks and whites. Originally, the analytic plan for Aim 2 of this 

study included the utilization of eight years of follow-up data, as were employed for aim 

1 analyses. Although MRI data were collected for all participants at 72- and 96-month 

follow up visits, funding was not sufficient such that radiographs for all participants were 

read and data extracted and cleaned for future analyses; rather, data were only read and 
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made available for a subset of participants.  As such, VTKA data were not available for a 

substantial portion of participants after the 48-month visit, which significantly reduced 

the quality of the measure for inclusion in these analyses.  Therefore, aim 2 analyses were 

limited to 4 years of follow up (baseline through 48-months).   

Another limitation of the present study is that the VTKA variable employed for 

aims 1a and 1b included only baseline data, although data were available through the 48-

month time point.  As the natural progression of cartilage deterioration in knee OA is 

slow, only about 17% of participants in the analytic samples had reached criteria for 

virtual total knee arthroplasty at the 48-month time point.  Although it may have been 

possible to include VTKA as a time-varying confounder through the 48-month time 

point, it was beyond the scope of this study.   

These issues limited the researcher’s ability to examine whether likelihood of 

reaching VTKA using Shurupoff’s VTKA criteria significantly impacted likelihood of 

undergoing TKA.  Findings of this study provide support for the need for additional 

funding to read, extract and clean 72- and 96-month radiographic data for the remaining 

OAI participants for future analyses.  

Future Research 

This study provides a basis for future research to examine collectively and 

estimate the effects of all known potential predictors of TKA utilization across race.  

Specifically, more studies are needed that employ longitudinal, nationally-representative 

data and which encompass high-quality biomarker and imaging measures to accurately 

represent need for TKA, measures of socioeconomic status, including insurance coverage 

status, and measures representing other potential explanatory variables, including health 
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literacy related to TKA, patient preferences for TKA (including perceptions of TKA), 

quality of patient-provider communication, and patient trust in their providers.  As few 

existing data sets encompass such a wide range of measures, primary data collection 

would likely produce the highest quality data for examining predictors of racial 

differences in utilization of total knee replacement surgery.  Such studies are necessary in 

order that improved estimates of racial differences and disparities can be calculated, and 

findings used to inform the development of effective public health interventions for 

reducing racial differences in utilization of TKA.     

Conclusion 

Results of the present study confirmed the researcher’s hypotheses that the 

influence of socioeconomic status did not fully explain racial differences in rates of TKA 

utilization, which is supported by substantial literature demonstrating that racial 

differences in utilization are persistent throughout a wide range of health care services. 

 Although previous studies have attempted to identify the underlying mechanisms 

through which racial differences in health care utilization are manifested, much of this 

literature focuses on access to care via measures of socioeconomic status, such as income 

and education.   Results of the present study analyses suggest that socioeconomic 

variables do not fully represent the diffuse impacts of systemic institutional racism on 

black Americans’ health and wellbeing.  

These results also confirmed the significance of overweight and obesity as 

important risk factors for the progression of OA, and support a closer examination of the 

collective effect of socioeconomic factors and obesity, and the mechanisms through 

which they increase the risk of OA progression to candidacy for TKA.   
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Lastly, this study is the very first to employ objectively-defined criteria for 

theoretical candidacy for knee replacement, as derived from cut points of two clinically-

validated scales, and provides other researchers with the most current estimates of the 

differences between black and white U.S. adults in rates of reaching candidacy for TKA. 
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Appendix A. Confounding results (all variables) 
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