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ABSTRACT 

 

Background and Purpose: Self-efficacy plays a major role in determining physical function 

during the earlier stages of the knee osteoarthritis (OA) and it may be a significant factor in 

the maintenance of physical function across the span of OA severity. This study examined 

the contribution of self-efficacy to objective and subjective measures of physical function at 

both maximal and sub-maximal levels.  The relationship between self-efficacy and quality of 

life was also examined.  

Participants: Twenty community-dwelling adults with knee OA (age 69±14 years) were 

recruited for this study.  

Methods: Subjective maximal and sub-maximal performance were determined using the 

Maximal Activity Score (MAS) and Adjusted Activity Score (AAS) respectively of the 

Human Activity Profile. The objective measure of sub-maximal physical function was the 6-

minute walk test (6MWT) while the Incremental Shuttle Walk Test (ISWT) was the maximal 

measure. Quality of life was determined using the Short Form Health Survey 36 (SF-36) and 

self-efficacy was measured using the Arthritis Self-Efficacy (ASE) scale. Disease severity 

was determined using the Western Ontario and McMaster University Osteoarthritis Index 

(WOMAC). A stepwise multiple linear regression analysis was performed using each of 

6MWT, ISWT, AAS and MAS as the dependent variable, and the WOMAC and ASE as 

independent variables. 

Results: Self-efficacy explained 44% of the variance in the 6MWT but only 16% in the 

ISWT. Self-efficacy explained approximately 30% of the variance in both the MAS and 

AAS. A moderate relationship was observed between self-efficacy and the Physical 
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Component Score (PCS) (r=0.51) of health-related quality of life, but no relationship was 

observed with the Mental Component Score (MCS).   

Discussion and Conclusion: In mild to moderate knee OA, sub-maximal physical function 

was substantively influenced by an individual’s belief in his/her ability to perform a given 

task, but not so when the intensity of the activity approached maximal levels. This 

differential relationship between sub-maximal and maximal performance was not present 

using subjective reports of performance.  These findings indicate that therapy utilizing 

training at sub-maximal levels in mild to moderate knee OA should focus on strategies for 

enhancing self-efficacy; whereas with training at relatively high intensities, less focus should 

be given to enhancing self-efficacy.  
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CHAPTER ONE 

INTRODUCTION 

Osteoarthritis (OA) is a degenerative joint disease that is caused by breakdown of 

articular cartilage (Kelsey & Hochberg, 1988). It is also known as a group of overlapping 

distinct diseases that affect not only the articular cartilage but, also the subchondral bone, 

ligament, capsule, synovial membrane, and the muscles around the joint (Brandt & Mankin, 

1993; Yelin, 1998). In 2000, findings from the Canadian Community Health Survey (CCHS) 

indicated that arthritis affects nearly 4 million Canadians (16% of Canadians) aged 15 and 

older and by 2026, it is estimated that 6 million Canadians 15 years of age and above will 

have arthritis (Statistics Canada, 2002). Woolf & Pfleger, (2005) predict that the incidence 

and prevalence of OA will continue to rise as the population ages unless measures are taken 

to improve disease prevention. They also suggest that OA is forecast to become the fourth 

leading cause of disability worldwide by the year 2020. Arthritis and other musculoskeletal 

diseases are ranked as the second most costly diseases in Canada, significantly contributing 

to $72 billion and $85 billion in direct (i.e. hospital, physician and other health expenditures) 

and indirect (i.e. value of lost productivity resulting from disability and premature death) 

costs respectively (Coyte, Asche, Croxford, & Chan, 1998). The costs associated with 

arthritis alone range from $4.4–7.3 billion annually (Coyte et al., 1998). This level of 

disability has a strong impact on society in terms of lost productivity and increased health 

care costs (Health Canada, 2002). 

The etiology of OA is not clear. Multiple factors including biomechanical, genetic, 

and environmental stress have been found to contribute to this disorder (Brandt & Mankin, 
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1993). Interaction between mechanical and cellular processes leads to change in the 

composition of cartilage water content, proteoglycan content, and collagen arrangement. As a 

result, excessive forces on the weight bearing joints result in osteoarthritic changes at the 

joint (Roos, 2005).  

The clinical presentation of OA is characterized by joint pain, tenderness, limitation 

of movements, crepitus, edema, altered proprioception, and decreased muscle strength 

(Minor, 1999). As the disease progresses, pain, stiffness, reduced muscle strength, and 

limited range of motion impact on daily activities such as walking, getting in and out of the 

bath and doing simple household activities, leading to difficulty in performing functional 

activities (Ettinger & Afable, 1994). The associated decrement in physical functional 

capacity can lead to disability. Therefore, physical functional capacity has become an 

important measurement in understanding the effects of OA on physical impairment and 

disability in older individuals.     

 Most of the activities of daily living represent exertion at a sub-maximal exercise 

level. Therefore, a measure of the ability to sustain a given sub-maximal level is an important 

component in the assessment of physical function. The 6-Minute Walk Test (6MWT) is a 

self-paced test in which an individual walks as far as he/she can in six minutes. It is classified 

as sub-maximal because there is no external pacing. Accordingly, such a test would be a 

measure of sub-maximal and sustainable physical function. However, it is also important to 

understand the physical limitations that a disease/condition imposes on an individual. This 

can be better identified using an externally-paced functional test. The Incremental Shuttle 

Walk Test (ISWT) is such a test, where the participant is required to walk at a gradually 

increasing speed dictated by auditory bleeps played on a tape. The participant walks for as 
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long as he/she can until he/she is too breathless to continue or if he/she can no longer keep 

pace with the bleeps (Singh, Morgan, Scott, Walters, & Hardman, 1992).   

One may argue that an individual’s perception of his or her own mobility can greatly 

influence the performance of a task. Perception is the process of interpreting and organizing 

sensory impressions into psychologically meaningful information, such as awareness and 

recognition (Shumway-Cook, Brauer, & Woollacott, 2000). Therefore, perceived physical 

function is an individual’s awareness and recognition of their ability to perform a behavioural 

task. In other words, it is an individual’s perception that his/her ability has declined which 

reduces his/her quality of life (Kaplan & Bush, 1982) and leads them to access health care 

(Levkoff, Cleary, & Wetle, 1987). Studies have suggested that psychosocial variables may 

influence the physical function of people with knee OA and it has also been reported that 

people with knee OA are more likely to report psychosocial problems such as depression and 

anxiety (Badley, Webster, & Rasooly, 1995).  

Bandura, (1977) defined self-efficacy as a judgment of one’s potential ability to carry 

out a task rather than a measure of whether or not one actually can or does perform that task. 

The influence of psychological variables on perceived physical function in individuals with 

OA was first reported by Summers, Haley, Reveille, & Alaroon (1988). A stepwise multiple 

regression analysis indicated that depression, anxiety, radiographic disease severity and age 

accounted for 63% of the variance in perceived function as measured by the Sickness Impact 

Profile (SIP) (n=65)  in individuals with knee and hip  OA (Summers et al., 1988). Later, 

Sharma et al., (2003) reported data from a longitudinal study of the determinants of perceived 

physical function in people with moderate knee OA over a three-year period. The factors 

associated with a significantly increased likelihood of poor perceived functioning, measured 
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using the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) 

physical functioning subscale, included baseline knee joint ligament laxity, body mass index 

and knee pain. Factors related to poor perceived functioning over the three-year period were 

baseline mental health, self-efficacy, social support, and aerobic ability. In a recent study, the 

functional self-efficacy sub-scale scores accounted for 45-51% of the variance in the 

objective physical measures such of 6MWT, Sit-to-Stand, and Timed Up and Go in subjects 

with mild to moderate knee OA (Maly, Costigan, & Olney, 2005). In another study, women 

(n=24) with moderate to severe knee OA demonstrated a moderate relationship (r=-0.56, 

p=0.002) between self-efficacy and a subjective evaluation of walking, stair climbing, 

transferring and activities of daily living (Gaines, Talbot, & Metter, 2002). 

 Previous investigations have identified that self-efficacy is an important determinant 

of performance in people with mild and moderate knee OA (Gaines et al., 2002; Maly et al., 

2005; Sharma et al., 2003; Summers et al., 1988) but there is little information available as to 

the contribution of self-efficacy to physical function across the span of OA severity. Since 

self-efficacy appears to play a major role in determining physical function during the earlier 

stages of the disease, it may be a significant factor in the maintenance of physical function 

across the span of OA severity. Consequently, the purpose of this study was to examine the 

relative contribution of self-efficacy to sub-maximal and maximal performance-based and 

subjective measures of physical function across disease severity in individuals with knee OA. 

In addition, a secondary purpose was to determine the relationship between self-efficacy and 

quality of life across the span of OA severity. It is hypothesized that individuals with higher 

ratings of self-efficacy will demonstrate high levels of sub-maximal physical function 

regardless of severity of disease state. It is further hypothesized that self-efficacy will 
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contribute to a lesser extent to physical performance when individual are challenged to 

perform closer to maximal levels of activity. 
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CHAPTER TWO 

LITERATURE REVIEW 

 

2.1 Osteoarthritis 

Osteoarthritis (OA), also known as osteoarthrosis or degenerative joint disease, is a 

degenerative disorder of the synovial joints and is the most common form of arthritis (Klug 

& Weseloh, 2000). OA can be best defined as “a group of overlapping distinct joint diseases, 

with different etiologies, involving biological and biomechanical pathologies but with similar 

pathophysiologcial process resulting in similar alteration in articular structures and function, 

with common clinical features” (Kuettner & Goldberg, 1995).  Over time, these changes may 

lead to joint abnormalities that limit the fulfillment of personal and social roles (Davis, 

Ettinger, Neuhaus, Barclay, & Segal, 1992). 

 

2.1.1 Pathophysiology of Osteoarthritis 

OA is a degenerative joint disease characterized by degeneration of articular cartilage, 

sclerosis of the subchondral plate and subchondral trabeculae, formation of osteophytes and 

subchondral cysts (Burr, 1998) (Figure 1).  In addition, fragments of calcified cartilage are 

found in the junction between the hyaline cartilage and adjacent subchondral bone (Goldring 

& Goldring, 2006). Secondary to these changes in the articular cartilage and subchondral 

bone, synovitis is often observed. These structural changes in articular and periarticular soft 

tissues lead to alterations in the articular surface (Burr, 1998; Goldring & Goldring, 2006).  

High impact and abnormal loading of the joints further enhance the deterioration of the 

articular cartilage (Roos, 2005).  
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Figure 1: Degenerated knee joint, presenting with fibrillation of articluar cartilage, and 
subcondral bone, osteophytes formation around the joint margin. (Adapted from Zimmer 
Orthopedics)  
 http://www.zimmer-canada.com/z/ctl/op/global/action/1/id/380/template/PC/navid/1374 
2006). 

 7



2.1.1.1 Articular Cartilage 

Hylaine articular cartilage is a dense connective tissue (Pritzer, 1998), consisting of 

chondrocytes scantly embedded in extracellular matrix, composed of mainly water, 

proteoglycans (PGs), type II collagens and non-collagenous proteins (Pritzer, 1998). The 

proteoglycan, which is hydrated and its swelling pressure give the cartilage the ability to 

deform under load and recover when load is removed. In a healthy adult, there is always a 

balance between the PGs and collagen fibers (Poole et al., 1995). However, in the 

osteoarthritic joint there is an alteration in the extracellular matrix edema (Pritzer, 1998), that 

permits the cartilage to absorb more water resulting in cartilage softening (Pritzer, 1998). 

Once the cartilage loses, the proteoglycans there is a reduction in compressive stiffness and 

elasticity leading to ulceration, fissures and cracks when stress is applied (Armstrong & 

Mow, 1982; Brandt & Mankin, 1993).    

 

2.1.1.2. Subchondral Bone 

Subchondral bone is comprised of the subarticular mineralized tissue extending 

between the tidemark (junction of the calcified and uncalcified cartilage) and marrow spaces 

(Burr, 1998). It includes both calcified cartilage and cortical bone to support the articular 

cartilage. The subchondral bone supports the articular cartilage, directing loads to the rest of 

the bone and may provide nutrients to the deeper layers of cartilage. Subchondral bone is 

highly vascular however, the vessels do not reach the calcified cartilage (Burr, 1998). In spite 

of the fact that degeneration in articular cartilage is a characteristic feature of OA, studies 

have also suggested that there is a possible role for subchondral bone in the initiation and 

progression of OA. Randin, Paul, & Rose, (1986) explained the mechanical pathogenesis of 
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subchondral bone remodeling. In healthy joints, the load is dissipated throughout the articular 

surface. However, when high repetitive loading of a joint occurs there is an increase in bone 

density and stiffness of subchondral bone. Eventually, the stiff subchondral bone is less able 

to attenuate and distribute force through the joint (Randin et al., 1986). This leads to 

increased stress on articular cartilage. Animal models using magnetic resonance imaging 

indicate that changes in subchondral bone have been found as early as 2 months prior to the 

change in the articular cartilage (Watson, Hall, Malcolm, & Tyler, 1996). Recent findings in 

people with OA of the hand and knee revealed that thickening of subchondral bone occurred 

prior to cartilage fibrillation (Bailey, Buckland-Wright, & Metz, 2001). Although the 

initiation of degeneration in OA is still debated, there is considerable evidence for the 

involvement of subchondral bone. 

Changes also occur in other structures of the joint such as the capsule, inflammatory 

changes in synovial lining, and arthritic cysts and eburnation (bone surfaces completely 

denuded of cartilage) (Pritzer, 1998). Due to the inflammatory response, proteolytic enzymes 

are secreted by the synovium acting to absorb the cartilage matrix, particularly cartilage that 

has ulcerated from the joint surface. However, the initial inflammatory activity is insufficient 

to erode articular cartilage at the joint margin or disrupt the cartilage surface (Arnoldi, 

Reimann, & Bretlau, 1980; Revell, Mayston, Lalor, & Mapp, 1988).  In advanced OA, 

chronic synovial effusion expands the joint space and reduces the fluid diffusion, which is a 

major source of nutrition. With further cartilage erosion, fragments of cartilage matrix and 

necrotic bone become incorporated into the synovial membrane (Brandt & Mankin, 1993). 

Similarly, the joint capsule and intra-articular ligaments undergo an inflammatory reaction 
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during the onset of OA. Increasing synovial fluid effusion in advanced OA creates stretching 

of the joint capsule and ligament producing joint laxity.  

Although the pathological etiology of OA is not fully understood, the clinical signs 

and symptoms are well described. Among people with OA, the most common symptom is 

pain, however, only 57% of the individuals with OA experience pain (Hannan, Felson, & 

Pincus, 2000). Factors that may contribute to the pain of OA include secondary inflammation 

or calcium crystalline debris, increased intraosseous pressure in subchondral bone due to 

contracture of the joint capsule, periosteal elevation by osteophytes, involvement of 

periarticular tissue (bursitis), or ligament strain (Michet, 1993). The other most common 

clinical sign of OA is decreased range of motion (ROM) in the involved joints. Clinicians use 

ROM as an outcome measure to document clinical status and change over time in individuals 

with OA. For example studies have demonstrated that in people with mild knee OA (n=22) as 

determined by the Kellgren and Lawrence (K/L) method of x-ray grading of OA, active 

flexion range of motion (ROM) was 121.6±13.3○ (Law, Cheing, & Tsui, 2004). In moderate 

knee OA (n=28) as determined by American College of Rheumatology (ACR) criteria, active 

flexion ROM was 108.7±10.7○ (Tasciotaoglu & Oner, 2003) while in severe knee OA 

(n=291) active flexion ROM was 98.8±2.1○ (Heck, Robinson, Partridge, Lubitz, & Freund, 

1998).  

 

2.1.2 Classification of OA 

Classifying OA has always been challenging because there is no concise definition 

for OA, no commonly agreed upon diagnostic criteria, and there are poor correlations 

between x-rays and clinical features of OA (McAlindon & Dieppe, 1989; Peat et al., 2005). 
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Despite the difficulty in classifying the severity of OA, several grading criteria have been 

developed. 

 

2.1.2.1 Radiological 

Radiographs are commonly used for classifying OA. Kellgren and Lawrence in 1957 

developed classification for OA based on radiographic findings.  They graded OA by 

comparing the index radiograph with a reproduction in a radiographic atlas. The criteria for 

grading OA are related to the sequential presence of osteophytes, narrowing of the joint 

space and subchondral sclerosis. The criteria are based on the presence of radiological 

features such as, “a) the formation of osteophytes on the joint margins or, in the case of the 

knee joint on the tibial spine, b) a presence of periarticular ossicles, c) narrowing of the joint 

cartilage associated with sclerosis of the subchondral bone, d) small pseudocystic areas with 

sclerotic walls situated usually in the subchondral bone, and e) altered shape of bone ends” 

(Kellgren & Lawrence, 1957). These changes are assigned a rating from 0-4 in order of 

severity (Table 1).  

Studies have identified inconsistencies in defining the Kellgren and Lawrence (K/L) 

radiographic grades of osteoarthritis and when comparing radiograph and clinical symptoms 

(Spector & Cooper, 1993). For example, previously grade 2 was defined as “the presence of 

definite osteophytes with minimal joint space narrowing” (Kellgren & Lawrence, 1957) but 

later the author interpreted it as “definite osteophytes but the joint space is unimpaired”. 

Individuals with decreased joint space but no presence of osteophytes will not be classified as 

OA based on the K/L grading system, which implies that joint space narrowing occurs after  

 11



Table 1: Kellgren-Lawrence Grading of Severity of Knee Osteoarthritis 

Grading Kellgren & Lawrence Definition 

Grade 0 ‘None’ Definite absence of OA 
 

Grade 1 ‘Doubtful’ Minimal osteophyte, doubtful significance 
 

Grade 2 ‘Minimal’ Definite osteophyte, unimpaired joint space. 
 

Grade 3 ‘Moderate’ 
 

Moderate multiple osteophytes, and definite narrowing of joint 
space and some sclerosis and possible deformity of bone ends. 
 

Grade 4 ‘ Severe’ Large osteophytes marked narrowing of joint space, and severe 
sclerosis of subchondral bone. 
 

Adapted from Kellgren & Lawrence (1957), Table 1, Page 494, 
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osteophyte formation (Spector & Cooper, 1993). The sequences of pathological events are 

not clear regarding whether degeneration starts at subchondral bone or at the articular 

cartilage (Randin et al., 1986). Studies have also reported that there is no strong association 

between pain scores and radiographic changes (Hannan et al., 2000; Salaffi, Cavalieri, Nolli, 

& Ferraccioli, 1991). In 319 subjects with radiographic knee changes, only 47% had 

symptoms of knee pain and in subjects (n=1,004) with symptomatic knee pain only 15% had 

radiographic changes (Hannan et al., 2000). Similarly, a low correlation (r=0.17) was 

reported when radiograph and McGill self-report pain questionnaire results were compared in 

64 individuals with knee and hip OA (Summers et al., 1988). In another study when the pain 

scores measured using Arthritits Impact Measurement Scales (AIMS) were compared with 

radiographic scores in 61 women with knee OA a low correlation (r=0.20) was reported 

(Salaffi et al., 1991).  

 

2.1.2.2 Other Methods of Assessment 

Though there are many radiological criteria for measuring the severity of OA, studies 

have clearly demonstrated discordance between radiographic osteoarthritis and knee pain 

(Davis et al., 1992). Alternate measures, which incorporate pain and physical characteristics, 

may be more appropriate rather than radiographic measures alone (Cooper et al., 1996). The 

Western Ontario and McMaster University Osteoarthritis Index (WOMAC) is a disease-

specific multi-dimensional, self-administered, health status instrument developed specifically 

for patients with lower extremity arthritis (Bellamy, 1989). It is widely used for evaluating 

effectiveness of therapeutic interventions for the treatment of OA (Bellamy, 1989). The 

WOMAC consists of 24 questions aggregated into 3 sub-scales measuring: pain (5 items), 

 13



stiffness (2 items), and physical function (17 items). The likert-scaled version (LK3.1) uses 

mild, moderate, severe, and extreme response levels for each item.  

Studies, which have reported WOMAC scores for those individuals who are graded 

as having mild, moderate, or severe knee OA using the K/L method, are listed in Table 2. In 

individuals with mild knee OA, WOMAC Pain, Stiffness and Physical Function sub-scores 

were 20% of the respective total sub-scale scores (Karlsson, Sjogren, & Lohmander, 2002). 

Those individuals with moderate knee OA, WOMAC Pain reported sub-scores ranging from 

30% to 40%, Stiffness sub-scores from 40% to 43% and Physical Function sub-scores from 

34% to 50% (Laufer, Zilberman, Porat, & Nahir, 2005).  Similarly, WOMAC Pain scores for 

people with severe knee OA ranged from 56% to 69%, Stiffness sub-scores ranged from 58% 

to 63% and Physical Function sub-scores ranged from 62% to 67% (Escobar et al., 2007; 

Gaudet et al., 2007). The findings of the above indicate that WOMAC scores on all sub-

scales increased with increasing disease severity as determined by radiographic assessment.   

 

2.2 Physical Function 

2.2.1 Physical Function Terminology 

Physical functioning is an important element in disability and aging research (Stewart 

& Painter, 1997). Limitations in physical functioning not only affect quality of life and 

independence, but also increase the risk of morbidity and mortality (Painter, 2005). In the 

arthritic population, a modest decline in physical function due to pain and decreased physical 

activity such as walking, stair climbing and transferring lead to loss of independence 

(Creamer, Lethbridge-Cejku, & Hochberg, 2000). 
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 Table 2: WOMAC scores in Mild, Moderate, and Severe Knee OA 

Study 

 

Subjects  
& 
OA Grade 
(K/L Scores) 
 

WOMAC 
Scale 

WOMAC Scores 

Pain Stiffness Physical 
Function 

Karlson  
et al., 
2002 

N=76  
knee OA 
Grade 1-2  
(Mild) 

0-240 

(raw score) 

10±3 
(Max=50) 
20% 

4±2 
(Max=20) 
20% 

35±11 
(Max=170) 
20% 

Laufer,  
2005 

 

N=103  
knee OA 
Grade 2-3 
(Moderate) 

0-10 

(VAS 10) 

4±3 
(Max=10) 
40% 

4±3 
(Max=10) 
40% 

5±3 
(Max=10) 
50% 

Maly  
et al., 
2005 

N=54  
knee OA 
Grade 1-3 
(Moderate)  

0-100 

(VAS 100) 

30±19 
(Max =100) 
30% 

43±25 
(Max=100) 
43% 

34±20 
(Max= 100) 
34% 

Gaudet  
et al., 
2007 
 

N=161 
Waiting list 
for TKR 
(Severe) 

0-100 

(VAS 100) 

69±10 
(Max=100) 
69% 

63±19 
(Max=100) 
63% 

67±17 
(Max=100) 
67% 

Escobar  
et al., 
2007 
 

N=516 
Waiting list 
for TKR  
(Severe) 

0-100 

(VAS 100) 

56 ± 19 
(Max=100) 
56% 

58±24 
(Max=100) 
58% 

62± 8 
(Max=100) 
62% 

TKR, Total knee replacement; Max, Maximum; WOMAC, Western Ontario and McMaster 
University Osteoarthritis Index. Lower scores represent better condition and higher scores 
represent worse condition; VAS, Visual Analouge Scale; (%) relative percent score 
calculated from data obtained from the studies.  
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The term disability and functional limitation are closely related in the pathways of 

disablement (Verbrugee & Jette, 1994). Disability can be defined as perceived difficulty in 

performing activities due to health or physical problem such as work, household tasks, 

personal care, hobbies, active recreation, clubs, errands, and travel (Verbrugee & Jette, 

1994). Functional limitation refers to an individual’s inability to perform fundamental 

physical and mental actions used in daily life (Verbrugee & Jette, 1994). For example, 

individuals with knee OA may be functionally limited in that they are unable to walk a mile, 

climb a staircase, however; they are still able to ambulate effectively in society (i.e. moving 

in and around the house and getting to work). In other words, impairment is the onset of the 

disease process followed by physiological manifestation of disease, leading to functional 

limitation, such as difficulty in walking, grasping, climbing stairs, and ultimately ending in 

an inability to fulfill social roles. 

 

2.2.2 Methods of assessment   

Physical function can be quantified using a variety of instruments. These instruments 

can range from subjective measures such as self-report or observation scales to direct 

objective measures of physical performance (Finch, Brooks, Stratford & Mayo, 2002). 

 

2.2.2.1 Self Report Measures of Physical Functioning 

Self–report measures are outcome measures in which the participant is asked to report 

on his/her functional abilities and the individual has to indicate difficulties based on his/her 

own perception of personal “difficulty” in performing the activity in question. In 1963 Katz, 

Ford, Moskowitz, Jackson, & Jaffe devised a self-report measure, reflecting an assessment of 
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difficulties in performing what they referred to as “Activities of Daily Living” (e.g: dressing, 

bathing, eating, toileting, transferring from bed to chair, walking across a small room), which 

were further categorized into 3 general categories of activity (i.e., basic, instrumental, 

advanced activities) (Reuben, Valle, Hays, & Siu, 1995). Self-reported measures of physical 

function questionnaires have been used extensively in measuring outcomes with drug 

interventions (Karlsson et al., 2002), surgical interventions (Escobar et al., 2007) and 

exercise interventions (Rejeski, Miller, Foy, Messier, & Rapp, 2001). Some studies have 

suggested that self-report measures can be used to replace performance-based testing (Jensen, 

Romano, Turner, Good, & Wald, 1999). 

Self-report measures assess an individual’s perspective of his/her own level of 

function. The benefits of self-report assessments are that they are less expensive and more 

practical to use as compared to performance-based tests. Furthermore, self-report measures 

have good face validity and are generally inexpensive (Stratford, Kennedy, Pagura, & 

Gollish, 2003). Self-report questionnaires usually do not require special training for the 

administrators and the participants can usually complete the questionnaires (Painter, 2005). A 

limitation in self-reported measures is the discrepancy between perception of the individual’s 

ability and their true ability, which may be influenced by personality traits, depression or 

dementia (Branch & Meyers, 1987; Kuriansky, Gurland, & Fleiss, 1976).  

The Human Activity Profile (HAP) is a self-administered questionnaire, which was 

originally designed by Daughton et al., (1982). It has been used as a measure of physical 

activity in healthy and impaired populations such as those with OA (Bennell et al., 2004), 

end-stage renal disease (Johansen et al., 2001) and in older people with chronic pain (Farrell, 

Gibson, & Helme, 1996). It consists of 94 common daily activities listed in ascending order 
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according to the energy required in which subjects indicate for each activity whether he/she 

(1) is still doing this activity, (2) has stopped doing this activity, or (3) never did this activity. 

The activities include self-care tasks, personal/household work, entertainment/social 

activities, and independent exercise pursuits (Fix & Daughton, 1988). The Maximal Activity 

Score (MAS) is the number of the highest item (1-94) that an individual indicates that he/she 

is still doing and represents the highest oxygen-demanding activity the person is still doing. 

The Adjusted Activity Score (AAS) is derived by subtracting the number of activities the 

person is no longer able to perform from the value of the MAS score. This provides a better 

indication of the degree of a person’s ability to perform his/her activities relative to the MAS. 

Normative values for healthy adults across a wide range of ages average 85.3±7.0 (SD) for 

MAS and 83.2±7.8 (SD) for AAS (Fix & Daughton, 1988).   

Three studies have used the HAP to measure physical activity in the osteoarthritis 

population (Bennell et al., 2004; Bilek, Venema, Camp, Lyden, & Meza, 2005; Hinman, 

Bennell, Metcalf, & Crossley, 2002). In a total of 33 participants, the majority of whom were 

diagnosed with severe knee OA (77% of the total population) the MAS score was 76±8 and 

the AAS score was 62±13 (Bennell et al., 2004). Similarly, in another study 41 participants 

with a mean age of 67±8 years, with the majority of participants being diagnosed with severe 

knee OA (61%), the MAS and AAS scores were 77±7 and 65±11 respectively (Hinman et al., 

2002). Sixteen participants with a mean age of 69±8 years, diagnosed with OA in various 

joints, reported MAS and AAS values of 73±8 and 65±11 respectively (Bilek et al., 2005). In 

summary, both MAS and AAS values in the OA population are less than normative 

population values; but much more so with the AAS. Further, the difference between the MAS 

and AAS values in the normal population is 2 points as compared to approximately 12 points 
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in the above studies indicating that, the ability to function with the maximum limitation of 

the disease is reduced in OA.  

 

2.2.2.2 Performance-Based Measures of Physical Function 

Performance-based measures are more objective and are less susceptible to response 

bias from participants compared to self-report measures. In performance-based measures, the 

participant performs certain tasks or movements while the activity is assessed or recorded by 

a test administrator (Guralnik, Branch, Cummings, & Curb, 1989). The limitations in 

performance-based measures of physical function are the subject’s motivation to participate 

in the test and that the measures reflect a single performance only at a single point of time 

(Guralnik et al., 1989).  

Walking is an important functional activity and the use of a walking test as a clinical 

assessment tool has been reported in the literature, especially in studies related to respiratory 

dysfunction (Singh et al., 1992). Most activities of daily living represent exertion at sub-

maximal exercise levels. Therefore, a measure of the ability to sustain a given sub-maximal 

level is an important component of the assessment of physical function (Solway, Brooks, 

Lacasse, & Thomas, 2001). One method to assess walking is to have the participants walk on 

a treadmill. However, a treadmill is expensive and requires the presence of trained persons. 

Furthermore, some elderly persons might find it difficult to perform the test in a narrow 

treadmill walking space and the method of testing is not relevant to usual activity patterns 

(Spence, Hay, Carter, Pearson, & Calverley, 1993). Walk tests such as the 6-Minute Walk 

Test (6MWT) and the Incremental Shuttle Walk Test (ISWT) measure the distance a person 

walks with the assumption that the greater the walking distance, the greater the work the 
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person is able to do, reflecting a greater endurance or aerobic capacity. The 6MWT is a self-

paced walk test that measures the sub-maximal level of functional endurance capacity 

because the participant chooses his/her own walking pace. In contrast, the ISWT is 

externally-paced and a measure of maximal functional endurance capacity because the 

walking speed gradually increases and the participant walks until he/she feels breathless or 

can no longer could keep pace with the audio signal.  

The 6MWT is a self-paced walk test in which the maximum distance that a person 

can walk in 6 minutes is determined and is reported in meters or feet. The 6MWT is 

commonly used to assess function in patients with pulmonary disease (Cahalin, Mathier, 

Semigran, Dec, & DiSalvo, 1996), fibromyalgia (Pankoff, Overend, Lucy, & White, 2000), 

intermittent claudication (Montgomery & Gardner, 1998) and OA (Kennedy, Stratford, 

Wessel, Gollish, & Penney, 2005). The greater the distance covered, the better is one’s 

endurance performance. The test is usually conducted in an enclosed, quiet corridor, or in a 

gymnasium. The walking course must be at least 30 m in length. The 6MWT has been widely 

used as a measure of physical function in people with knee and hip OA (Berman et al., 2004; 

Kennedy et al., 2005; Maly et al., 2005; Stratford & Kennedy, 2006; Moffett et al., 2004) 

(Table 3). Participants with mild to moderate knee OA (n=570) had a 6MWT distance of 

350±99 m (Berman et al., 2004), while other participants with mild to moderate knee OA 

(n=54) walked 440±123 m (Maly et al., 2005). The greater the 6MWT distance in the study 

by Maly et al., (2005) may have been due to the lower WOMAC Pain scores (30±19, 

Maximum Value=100) as compared to those individuals studied by Berman et al., (2004). 

Individuals with severe OA who were on the waiting list for Total Hip Replacement (THR) 

and Total Knee Replacement (TKR) had a 6MWT distance ranging from 293±170 to 
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Table 3: 6MWT Distance in Knee OA 

 Values are reported as mean±SD. 6MWT, Six Minute Walk Test; m, meters; WOMAC, 
Western Ontario McMaster Osteoarthritis Index ; TKR, Total knee replacement ; THR, Total 
hip replacement; K/L, Kellgren and Lawrence method; (%) relative percent score; NR, not 
reported.  

Study Subjects OA Grade WOMAC Score 6MWT  
 

(m) 
Berman 
et al.,  
2004 

Knee OA  
(n=570) 
Age= 65.5±8.4 

K/L method >2 
(mild/ 
moderate) 

WOMAC Pain 
 9±3  
(Max 20) 
(40%) 
 

350±99 

Maly 
et al.,  
2006 

Knee OA ( 
n=54) 
Age= 68.3±8.7 
 

ACR criteria 
(mild/ 
moderate) 

WOMAC Total  
Score=34.3±18.9   
(Max 100) 
(34%) 

440±123 

Moffet 
et al., 
2004 

Waiting for TKR 
(n=77) 
Age= 68.7±8.3 
 

End-stage knee 
OA 

WOMAC Total  
Score=30±19  
(Max 100) 
(30%) 
 

293±170 

Stratford 
and 
Kennedy  
2006 
 

Waiting for 
TKR/THR  
(n=85) 
Age= 65 median 

End-stage  hip 
and knee OA 

WOMAC Physical Function 
Score=30±11  
(Max 100) 
(30 %) 

428±115 

Kennedy  
et al., 
2005 

Waiting for 
THR/TKR 
(n=150) 
Age= 63±10 
 

End-stage  hip 
and knee OA 

NR 412±123 
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428±115 m (Kennedy et al., 2005; Moffet et al., 2004; Stratford, & Kennedy 2006). In two of 

these three studies, the participants with severe knee OA had, 6MWT distances that were in 

the same range as those reported for individuals with mild/moderate knee OA (Maly et al., 

2005). There does not appear to be a graded difference in physical function across the 

severity of OA as determined by 6MWT distances, however the data in this area may be 

skewed with the use of both hip and knee OA participants rather than those with OA alone. 

The ISWT is an externally-paced incremental walking test in which participants are 

required to walk between two cones placed 10 m apart in time to a set of auditory bleeps 

played on a tape or compact disc. Initially, the walking speed is very slow, but each minute 

the required walking speed progressively increases by 0.17 m/s (Singh, Morgan, & Hardman, 

1994; Singh et al., 1992). The participant walks for as long as he/she can until he/she is too 

breathless to continue or if he/she can no longer keep pace with the bleeps. The ISWT was 

first developed for patients with chronic obstructive pulmonary disease (Singh et al., 1992) 

but has subsequently been used in patients with peripheral vascular diseases (Zwierska et al., 

2004), heart transplant (Lewis, Newall, Townend, Hill, & Bonser, 2001), and rheumatoid 

arthritis as well as in patients who have undergone cardiac surgery (MacSween, Johnson, 

Amstrong, & Bonn, 2001). The distance walked in the ISWT in 10 individuals with 

rheumatoid arthritis ranged from approximately 800 m in one individual to as low as 

approximately 250 m in 4 individuals (MacSween et al., 2001). To date, ISWT distances 

have not been reported in the OA population. 
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2.3 Health-Related Quality of Life (HRQoL) 

The concept of ‘Quality of life’ (QoL) in broader perspective refers not only to 

physical and mental health status and independence, but also to environmental and economic 

factors that influence well-being (WHOQOL, 1993). In the context of ‘health’ the World 

Health Organization Quality of Life (WHOQOL) group defined quality of life as “an 

individual’s perception of their position in life in the context of the culture and value systems 

in which they live and in relation to their goals, standards and concerns” (WHOQOL Group, 

1993). The concept of Health Related Quality of Life (HRQoL) was first proposed in 1982, it 

distinguish quality of life aspects specific to health status and health care from the other 

general aspects of quality of life (Kaplan & Bush, 1982). Therefore, the term health related 

quality of life has been coined to limit quality of life to those aspects that are directly related 

to one’s health. In clinical research, HRQoL includes physical, psychological and social 

aspects of health. Physical health includes the ability to care for one’s self or others, mobility, 

and level of activity including the capacity to carry out activities of daily living, especially 

activities pertaining to self-care, household responsibilities, work, school and recreational 

activities (Hoffman, Rouse, & Brin, 1995). Psychological health includes aspects of 

cognitive function, emotional status, and general perception of well-being, life satisfaction, 

and happiness (Hoffman et al., 1995).  Social function includes aspects of social contacts and 

interpersonal relationships (Hoffman et al., 1995).  

 

2.3.1  Measures of Health-Related Quality of Life (HRQoL) in OA 

HRQoL is a multi-dimensional concept that has been assessed by means of validated 

questionnaires. These questionnaires measure, different aspects of HRQoL defined across 
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multiple health domains or scales that the patient has identified as being important (Berzon, 

1998).  The scales from these domains range from global questions asking patients to rate 

their current quality of life to a series of questions about specific aspects of their daily life 

during a recent period of time. The measurement of HRQoL is thus a subjective assessment 

of one’s perception of their health and capability to perform and control different 

dimensional concepts of one’s life (Molassiotis, Callaghan, Twinn, & Lam, 2001).   

There are two basic types of approaches to measure quality of life: the generic and the 

disease-specific. The generic questionnaires are designed to measure HRQoL in healthy 

individuals and can be applied to all health states. Disease-specific questionnaires measure 

the impact of a particular disease or treatment on quality of life (Fairclough, 2002). The 

questionnaires are comprised of items or questions, which are assigned to domains or 

dimensions such as mobility and self-care and these, are further separated into physical 

function, anxiety, depression and well-being that are aggregated to form emotional-function 

domain. The most commonly used generic HRQoL questionnaire is the SF-36, which was 

designed for clinical use, research, population surveys and evaluation of health policies 

(McHorney, Ware, Lu, & Sherbourne, 1994; Stewart, Hays, & Ware, 1988; Ware & 

Sherbourne, 1992). It has been used in the evaluation of wide variety of conditions 

(McDowell, 2006; McHorney et al., 1994), including arthritis (Stucki et al., 1998) and joint 

replacements (Bachmeier et al., 2001; Bombardier et al., 1995; Nunez et al., 2007). The SF36 

questionnaire consists of eight multi-item scales measuring physical functioning (10 items), 

physical role in health problems (4 items), bodily pain (2 items), general health perceptions 

(5 items), vitality (4 items), social functioning (2 items), emotional well-being (3 items), and 

mental health (5 items). Scores for items on each scale are added to derive sub-scale scores 
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and the raw scores are transformed to 0 to 100 scales using the following formula; 

“transformed scale= [(actual raw score-lowest possible raw score)/possible raw score range] 

× 100” (Ware & Sherbourne, 1992). Higher scores represent better HRQoL. Two summary 

scores, the Physical Component Score (PCS) and Mental Component Score (MCS) are also 

obtained from the eight sub-scales (Ware, Kosinski, & Keller, 1994). The PCS and the MCS 

are calculated from the means and standard deviation and factor score coefficients of the 

eight scales, which were derived from the US population (Ware & Sherbourne, 1992). Both 

summary scores are further transformed to a t-score, so that the PCS and MCS scores have a 

mean of 50 and a standard deviation of 10 in the general American population. SF-36 values 

from populations with OA are listed in Table 4 in descending order from mild to severe knee 

OA. The values in the each column reported for a given subscale indicate a directional 

change in QoL score. For the subscales dealing with predominantly physical factors (PF, 

Physical Function; RP, Role Physical; BP Bodily Pain) scores decreased as OA progressed 

from mild  (Woo et al., 2004) through mild /moderate (Maly et al., 2006; Rannou et al., 

2007) to severe (Bachiemer et al., 2001; Escobar et al., 2007; Jones, Voaklander & Suarez-

Alma, 2003). This trend was less obvious in the social and emotional domains of Social 

Function (SF), Role Emotional (RE), Vitality (V) and Mental Health (MH).  Relative to the 

population norm set at 50±10, the PCS score of 32±8 indicated that the 2,540 individuals 

with mild/moderate knee OA reported a QoL relative to physical function which was 1.8 

standard deviation (SD) lower than that in the general population (1 point= 0.1 SD of 

population norm) (Rannou et al., 2007). Similar PCS scores have been found in indiviudlas 

with mild/moderate knee OA (Brien et al., 2006) and severe knee OA (Jones et al., 2003). 

The QoL associated with mental health was not greatly reduced in mild/moderate and severe  



Table 4: SF-36 scores for Mild, Moderate, and Severe Knee OA 

Values are mean± SD for the 8 subscales of the SF-36; TKR, Total knee replacement.; PF, Physical Function;  RP, Role Physical; 
BP, Bodily Pain; GH, General Health; SF, Social Function; RE, Role Emotion; V, Vitality; MH, Mental Health; PCS, Physical 
Component Summary Score; MCS, Mental Component Summary Score; NR, not reported. 

Study Subjects OA severity SF-36 

P F R P B P G H S F R E V M H PCS MCS 

Woo et al., 
2004 

Knee OA  
n= 219 

Mild  knee OA  62±23 47±46 58±24 51±22 72±56 51±48 62±19 67±18 NR  NR  

Maly et al., 
2006 

Knee OA 
n=54 

Mild/Moderate 
knee OA 

54±20 48±40 55±17 72±15 77±21 70±40 55±17 75±16 NR  NR 

Brien et al., 
2006 

Knee OA 
n=47 

Mild/Moderate 
knee OA 

NR NR NR NR NR NR NR NR 33.4 47.7 

Rannou et 
al., 2007 

Knee OA  
n= 2540 

Mild/Moderate 
knee OA  

40±24 33±37 39±15 49±18 61±22 55±43 52±18 61±18 32±8 47±10 

Bachiemer 
et al., 2001 

TKR 
n=100 

Severe knee 
OA 

25±17 18±31 33±18 71±8 59±27 54±46 47±23 70±20 NR  NR  

Brazier et 
al., 1999 

TKR 
n=118 

Severe knee 
OA 

21±181 11±25 35±23 56±23 51±11 42±44 40±19 67±18 NR  NR  

Escobar et 
al., 2007 

TKR 
n=516 

Severe knee 
OA 

23±21 14±29 34±28 57±20 56±31 63±46 43±25 59±24 NR  NR  

Jones et al., 
2003 

TKR 
n=276 

Severe knee 
OA 

21±18 12±24 31±18 62±19 54±27 55±44 43±25 69±19 26±8 50±11 
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knee OA (Woo et al., 2004; Maly et al., 2006; Rannou et al., 2007; Brien et al., 2006; 

Bachiemer et al., 2001; Escobar et al., 2007; Jones, Voaklander & Suarez-Alma, 2003)   as 

compared to the population norm.  Therefore, it is the physical aspects more so than the 

mental aspects that impact significantly on QoL in the knee OA population (Hopman et al., 

2000).  

 

2.4 Self-efficacy 

Self-efficacy is defined as “the conviction that one can successfully execute the 

behavior required to produce specific outcomes” (Bandura, 1977). One can also say that self-

efficacy is concerned not with the extant skills that one possesses to perform a particular 

behavior, but with the judgment of one’s own capabilities to implement the behavior.  

According to the social learning theory and research (Bandura, 1977), self- efficacy makes a 

difference in how people feel, think and act. Self-efficacy varies on three different 

dimensions, which have important implications on the behavior to be performed; these 

include magnitude, strength and generality (Bandura, 1991). Magnitude, also known as level 

of efficacy, refers to one’s judgment of his or her best possible performance of a behavior. 

Self-efficacy strength explains how confident one is in the estimate of one’s best 

performance of a particular behavior. Generality refers to the number of domains in which 

individuals judge themselves to be efficacious (Schwarzer & Leppin, 1991). 

There are four sources of self-efficacy: mastery experience, vicarious experience, 

social persuasion, and physiological states. The information received from these 

environmental sources is cognitively processed to develop self-efficacy beliefs and 

subsequently these beliefs influence performance (Bandura, 1977). Mastery experience is the 
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most important and powerful source of perceived efficacy. It is based on successful personal 

experience of a desirable behavior, involving learning and practicing of that behavior. 

Observing others perform and being successful improves an individual’s perceived capability 

(Bandura, 1977). Verbal persuasion is also a major source of efficacy information, however 

not as strong as performance or vicarious experience. With verbal persuasion, successful 

efficacy builders encourage others who feel uncertain about their abilities to perform a 

specific behavior in ways that bring success (Bandura, 1977).  Lastly, emotional and 

physiological states explain that emotional arousal due to stressful situations is inversely 

associated with self-efficacy (Bandura, 1977).  For example, an individual in a relaxed state 

is more likely to feel efficacious than a person who is tense or agitated. 

 

2.4.1 Measures of Self-Efficacy in OA 

Assessing perceived self-efficacy can be categorized into three different levels: 

individual, collective, and general (Bandura, 1997). Assessing at the individual level is also 

known as domain specific, which assesses people’s judgment of their current capabilities as 

opposed to their potential capabilities.  At a collective level and general level, self-efficacy is 

assessed at a group of conditions (Bandura, 1997). The Arthritis Self-Efficacy (ASE) 

questionnaire is a domain specific tool to measure the perceived self-efficacy in individuals 

with arthritis (Lorig, Chastain, Ung, Shoor, & Holman, 1989). It is a self-administrated, 

disease-specific questionnaire consisting of 20 questions organized into 3 sub-scales; 

physical function (FSE) (9 questions), pain (PSE) (5 questions), and other symptoms (OSE) 

(6 questions). Each item is scored on a 9 cm numeric rating scale with the anchors being 

10=very certain and 1=very uncertain. A total score is obtained by averaging the three sub-
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scale scores. The sub-scale scores can also range from 10-100 (Lorig et al., 1989), in which 

higher scores indicate higher self-efficacy. 

In studies that included participants with mild/moderate knee OA, PSE, FSE and OSE 

sub-scale scores ranged from 63-70, 72-81 and 73-75 respectively, indicating a higher level 

of self-efficacy in these areas (Gaines et al., 2002; Maly et al., 2005;) (Table 5). In 

individuals with moderate to severe OA (Foley, Halbert, Hewit, & Crotty 2003), the PSE 

scores were lower than those reported for mild/moderate OA, however the OSE score was in 

the same range as the above studies.  A mixed arthritic population that included participants 

with mild/moderate OA or Rheumatoid Arthritis in upper and lower limbs reported lower 

scores for PSE and OSE (Lorig et al., 1989) as compared to scores reported by Maly et al., 

(2005) and Gaines et al., (2002). The scores from the above studies indicate that PSE sub-

scale scores decreased as the disease progressed, whereas other sub-scales did not.  

 

2.4.2 Self-Efficacy, Performance and Osteoarthritis 

Osteoarthritis is a chronic pathology that has exacerbation and remission symptoms 

such as joint pain and functional limitations (Brandt & Mankin, 1993). As there is often 

fluctuation in the clinical symptoms, people tend to develop psychological and spiritual 

coping strategies that become enmeshed as part of the pathology (Kleinman, 1988; Turk, 

1996). Studies have demonstrated a strong relationship between performance and self-

efficacy in people with knee OA (Gaines et al., 2002; Maly et al., 2005; Rejeski et al., 2001).  

In a population of moderate knee OA (n=43) a moderate relationship (r=-0.56) was 

demonstrated between self-efficacy and the subjective evaluation of walking, stair climbing, 

transferring and activities of daily living was demonstrated (Gaines et al., 2002). Self- 
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Table 5: Self-efficacy Scores in the OA Population 

Values are reported as mean±SD, NR, Not reported; SE, Self-Efficacy; M, Male; F, Female; 
NR, not  reported. 

Study Subjects Self-Efficacy 
Pain  

(PSE) 
Function 

(FSE) 
Other Symptoms 

(OSE) 
 

Total  
(ASE) 

Maly  
et al., 
2005 

Mild/moderate 
knee OA 
n= 54  
 

63±20 81±13 73±17 NR 

Gaines 
et al., 
2002 

Mild/moderate 
knee OA 
n= 14 males 
n=29 females 

66±14 (M) 
70±15 (F) 

72±19 (M) 
75±18 (F) 

75±15 (M) 
74±19 (F) 

213±38 
(Male) 
219±46 

(Female) 
 

(Max 300) 
Lorig  
et al., 
1989 

Mild/moderate 
knee OA & 
Rheumatoid 
arthritis of hand 
and lower limbs 
n=95 
 

52±21 73±20 56±22 NR 

Foley  
et al., 
2003 

Moderate/severe 
knee OA 
n=105 
 

50±28 NR 69±26 NR 
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 efficacy for stairclimbing had a moderate relationship (r=0.53) with actual performance of 

stair climbing in 480 older adults with knee pain (Rejeski et al., 2001). In a recent study by 

Maly et al., (2005) the functional self-efficacy sub-scale showed a moderately high 

relationship with performance of physical tasks such as the six-minute walk test, Timed “Up 

and Go” test, and a stair climbing task (r=0.68-0.72)  in 54 older adults diagnosed with mild 

to moderate knee OA. These findings suggest that self-efficacy is an important component of 

physical function in people with mild to moderate knee OA. Furthermore, self-efficacy 

contributed to 50%, 51% and 45% of the variance in the 6MWT, Timed “Up and Go” Test 

and a stair-climbing task respectively (Maly et al., 2005). To date, no studies have examined 

the contribution of self-efficacy to physical function in severe knee OA. 

 

2.5 Summary 
 

Osteoarthritis is a degenerative joint disease affecting the articular cartilage, 

subchondral bone, ligaments, capsule, synovial membrane, and the muscles around a joint. 

Though the etiology of OA is not clear, various factors such as biomechanics, genetics and 

environmental stress contribute to OA. The clinical symptoms of OA can be pain, stiffness, 

reduced muscle strength or limited range of motion. As the disease progresses these clinical 

symptoms lead to a decrease in physical functional capacity that leads to disability. 

Psychosocial problems such as anxiety, depression and self-efficacy have also been reported 

in individuals with osteoarthritis. These psychosocial problems further influence physical 

function. Self-efficacy has been identified as an important determinant of performance in 

mild/moderate knee OA. The purpose of this study was to examine the relative contribution 

of self-efficacy to sub-maximal and maximal performance-based measures of physical 
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function and subjective measures of physical function across disease severity in individuals 

with knee OA. Since self-efficacy has been reported to be a factor in determining physical 

function, a secondary purpose was to determine the relationship between self-efficacy and 

quality of life across the span of OA severity.  
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CHAPTER THREE 

METHODS 
 
 

3.1 Subject Recruitment 

 A convenience sample of community-dwelling adults with knee OA was recruited for 

this investigation. The participants were recruited through advertisements (Appendix I) 

placed in the Kingston News This Week, the KGH Spectrum (Hospital News Letter) and the 

Queen’s Gazette (Queens’s University News Letter). Posters were circulated to family 

physicians, and posted in the outpatient orthopaedic clinic at Kingston General Hospital. It is 

suggested that a minimum of 10-15 subjects be recruited for each independent variable used 

in a regression model (Zar, 1996). We planned to use two independent variables in our 

regression model, therefore a minimum of 20 participants should be recruited. To further 

confirm the statistical power with this model and the actual number of subjects recruited 

(n=20), power analysis was conducted using the method of Portney & Watkins (2009). 

λ=  R2 /1- R2 (N) 

where, λ is the index to which R2 is converted that accounts for both the number of subjects 

and independent variables, R2= 0.45 (Maly et al., 2005), N= number of subjects.  Using this 

formula λ was calculated to be 13.8.  Using Table C.7 for determining power for regression 

analyses, with λ= 3.8, the number of independent variables (k) being 2, and residual degrees 

of freedom (N-k-1) of 17, the power of our regression analysis is approximately 0.88. 
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3.1.1 Inclusion and Exclusion Criteria 

The inclusion criteria for this study consisted of participants who were (a)  diagnosed 

with knee OA by a physician, (b) able to provide informed consent (lacked severe cognitive 

impairment), (c) able to provide medical clearance for participation as determined the  

Physical Activity Readiness Medical Examination (PARmed-X). Participants were excluded 

from the study if they had (a) any previous corrective surgery such as osteotomy in the lower 

limb (b) a previous fall history, or (c) any systemic factors of illness such as rheumatoid 

arthritis, asthma/emphysema, cancer, neurological disease (i.e. Parkinson’s Disease, 

Alzheimers) that might affect function, physical performance or strength. Participants were 

also excluded if they were on medications other than analgesics or non-steroidal anti-

inflammatory drugs, or if they were participating in current physical therapy or occupational 

therapy programme for knee OA. 

 

3.2 Outcome Measures  

3.2.1 Demographic Data 

Age, gender, marital status, height, weight, education level, employment status, 

duration of arthritis, medications, and co-morbidities were recorded for each participant in a 

demographic information form (Appendix II).  

 

3.2.2 Self-Report Measure of Physical Function 

The Human Activity Profile (HAP) questionnaire consists of 94 common daily 

activities listed in ascending order according to the energy required in which subjects 

indicate for each activity whether he/she (1) is still doing this activity, (2) has stopped doing 
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this activity, or (3) never did this activity. The activities include self-care tasks, personal 

/household work, entertainment/social activities, and independent exercise pursuits (Fix & 

Daughton, 1988). The Maximal Activity Score (MAS) is the number of the highest item (1-

94) that an individual indicates that he/she is still doing and represents the highest oxygen-

demanding activity the person is still doing. The Adjusted Activity Score (AAS) is derived 

by subtracting the number of activities the person is no longer able to perform from the value 

of the MAS score. Test-retest reliability has been shown to be moderate to very good as 

demonstrated by inter-class correlation coefficient of 0.60 to 0.96 for MAS  and 0.83 to 0.95 

for AAS in the OA population (Bilek et al., 2005) and  for 0.88 (MAS) and 0.91 for (AAS) in 

patients with Rheumatoid Arthritis (RA) (Bennell et al., 2004). The HAP has been validated 

by comparison to the SF-36 Physical Functioning score (MAS r=0.78, AAS r=0.80), and the 

SF-36 Role Functioning-Physical score (MAS r=0.71, AAS r=0.73) (Bennell et al., 2004). 

Significant correlations have been demonstrated between the HAP scores and maximal 

oxygen consumption (VO2) (MAS r=0.76, AAS r=0.85), the Timed-Stands Test (MAS r=-

0.77, AAS r=-0.72), and 50-Foot Walk Test (MAS r=-0.76, AAS r=-0.76) (Bilek et al., 

2005).  

 

3.2.3 Performance-based Measures of Physical Function 

3.2.3.1 Six-Minute Walk Test (6MWT) 

The 6MWT is a self-paced walk test, in which the maximum distance a person walks 

in 6 minutes is recorded and reported in meters or feet. The greater the distance covered by 

the participant indicates a better performance. The test was conducted in an enclosed, quiet 

corridor. Before the test, the participant was seated at rest and pulse rate, blood preasure, and 
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Rating of Perceived Exertion (RPE) using a Borg 10-point scale was measured. These 

measures were repeated, immediately upon completion of the test and at 5 minutes of 

recovery. The 6MWT has excellent test-retest reliability as determined by Interclass 

Correlation Coefficient (ICC) scores ranging from 0.90 to 0.95 in subjects with intermittent 

claudication, fibromyalgia and in end-stage osteoarthritis (Kennedy et al., 2005; Montgomery 

& Gardner, 1998; Pankoff et al., 2000). Good construct validity of the 6MWT has been 

reported when compared with peak VO2 (r=0.63) in people with heart failure (n=45) and in 

people with end-stage lung disease (n=60) (r-0.73) (Cahalin, Papagianopoulos, Prevost, Wain 

& Ginns, 1995; Cahalin et al., 1996).  

 

3.2.3.2 Incremental Shuttle Walk Test (ISWT) 

The ISWT is an externally-paced incremental walking test. The participant walks 

around two pylons placed 10 m apart. Walking pace is determined by auditory bleeps played 

on a compact disc. Initially, the walking speed is very slow, but each minute the required 

walking speed progressively increased. The participants walked for as long as they can until 

they are too breathless to continue or they can no longer keep pace with the bleeps. As with 

the 6MWT, pulse rate, blood pressure and RPE were determined at rest, immediately upon 

completion of the ISWT and after 5 minutes of recovery.   

Studies have shown good test-retest reliability for measurements obtained on different 

days with the ISWT in patients with intermittent claudication (n=55), (ICC, r=0.90) 

(Zwierska et al., 2004), undergoing assessment for cardiac transplant (n=25) (ICC, r=0.96) 

(Lewis et al., 2001) and chronic heart failure (n=17) (ICC, r=0.98) (Morales et al., 1999). 

Validity of the ISWT has been demonstrated by good correlation with VO2 in patients with 
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chronic heart failure (r=0.83) (Morales et al., 1999) and in patients who were undergoing 

assessment for cardiac transplant (r=0.73) (Lewis et al., 2001).  

 

3.2.4 Self-Efficacy 

3.2.4.1 Arthritis Self-Efficacy (ASE) 

 The Arthritis Self-Efficacy outcome measure is a self-administered disease-specific 

questionnaire consisting of 20 questions (Lorig et al., 1989). It has three sub-scales ; the Self-

Efficacy Functional (FSE) scale consisting of 9 questions, the Self-Efficacy Other Symptoms 

(OSE) scale consisting of 6 questions (managing fatigue, frustration, and activity level), and 

Self-Efficacy Pain (PSE) scale consisting of 5 questions. Each question is scored on 9-cm 

numeric rating scale. The scores are expressed as values between 10 and 100; a score of 10 

represents the lowest possible self-efficacy level. The subjects were asked to circle a number 

to indicate the certainty with which they felt they could perform each task. Each subscale was 

scored separately by taking the mean of the sub-scale items. Test-retest reliability 

coefficients of each sub-scale ranged from r=0.85 to 0.90 in 91 chronic arthritis patient 

(Lorig et al., 1989). Concurrent validity (r=0.61) has determined between perceived function 

and actual ability (Lorig et al., 1989). 

 

3.2.5 Health-Related Quality of Life 

The SF-36 was used to determine HRQoL. The SF-36 is a generic self-report measure 

which consists of 8 sub-scales; namely physical functioning (10 items), role physical (4 

items), bodily pain (2 items), general health perceptions (5 items), vitality (4 items), social 

functioning (2 items), emotional-well being (3 items), and mental health (5 items) (Ware & 
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Sherbourne, 1992). There are also two summary measures; Physical Component Score (PCS) 

and Mental Component Score (MCS). Studies have reported excellent reliability and validity 

of the SF-36 in various populations including people undergoing total knee replacement 

(Bombardier et al., 1995; Brazier et al., 1992; McHorney et al., 1994; Stucki et al., 1998).  

Tests repeated on different days have showen good reliability (Cronbach’s alpha >0.85) for 

all dimensions except social functioning in the knee OA population (Brazier et al., 1992).  

 

3.3 Protocol  

Prior to the implementation of this study, approval was obtained from the Queen’s 

University Research Ethics Board (Appendix III). On the participant’s first contact with the 

investigator via telephone, the eligibility criteria were assessed by the principal investigator. 

The PAR-Q questionnaire was administered over the telephone and if there was a positive 

response to any of the questions, the participants were requested to obtain medical clearance 

from their physician to take part in the physical function tests. The purpose of the study, the 

process, and the total time that would be required to collect information were also discussed 

over the telephone. An appointment was then made with the participant. On meeting with the 

participants at the School of Rehabilitation Therapy, Queen’s University a detailed 

explanation of the purpose and the procedure was provided and possible risks and benefits 

were outlined. Participants were informed that they would not be identified through the data 

collection process, subsequent discussion, or publications. They were also assured that all the 

information would be held in the confidence by the principal investigator. Participants read 

and signed the informed consent form (Appendix IV). Participants then completed the 
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Informed Consent Form 

Time: 15 minutes 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2:  Study Protocol  

Demographic Information 

Time: 10 minutes 

 WOMAC 

Time: 15 minutes 

Arthritis Self-Efficacy 

Time: 15 minutes 

Walk Test 
(ISWT/6MWT)  
Time: 30 minutes 
(Randomized) 

SF-36 

Time: 15 minutes 
HAP 

Time: 20 minutes 

Walk Test (ISWT/6MWT) 
Time: 30 minutes 
(Randomized) 
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demographic information form, the WOMAC, and the ASE. The participants subsequently 

performed either the ISWT or the 6MWT. During the subsequent rest period, the HAP and 

SF-36 measaures were completed by the participant (Figure 2). The participant then 

completed the other walk test. It was anticipated that approximately 30 minutes would elapse 

between the two walk tests, allowing ample time for recovery so that fatigue from the first 

walk test would not influence performance on the subsequent walk test. The order of the 

ISWT and 6MWT was randomized between participants.  

 

3.4 Data Analysis  

Data were analyzed using the Statistical Package for Social Sciences (SPSS 14) and 

MicroSoft Office Excel 2003. A descriptive statistical analysis was performed for 

demographic variables and other outcome variables. All data were reported as means ± 

standard deviation. An independent t-test was used to determine differences between male 

and female participants. A multiple correlation analysis was performed using the Pearson 

correlation coefficients between all outcome variables (ASE, ISWT, 6MWT, HRQoL, 

WOMAC disease severity) including the sub-scale scores of the outcome measures. To 

determine the contribution of ASE and disease severity (WOMAC) to performance-based 

and self-report physical function, forward stepwise regressions were performed.  The 

regressions models are listed below.  

 

Sub-maximal 

Performance-based Physical Function (6MWT) = Self-efficacy Total + WOMAC Total 

Self-report based Physical Function (AAS) = Self-efficacy Total + WOMAC Total 
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Maximal 

Performance-based Physical Function (ISWT) = Self-efficacy Total + WOMAC Total 

Self-report based Physical Function (MAS) = Self-efficacy Total + WOMAC Total 

For all analyses, significance was accepted at p<0.05. 
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CHAPTER FOUR 

RESULTS 

 

4.1 Participant Characteristics 

A total of twenty participants with equal numbers of male and female participants 

completed the study. The demographic data are summarized in Table 6. The mean age of 

participants was approximately 70 years and the total duration of disease was 10 years. There 

was a significant difference in the duration of the disease between male and female 

participants (p<0.05), where the men had a longer duration of the disease than the women. 

Approximately one-third of the participants reported cardiovascular or “other” co-

morbidities. Approximately one-half of the female participants reported “other” co-morbidity 

while one-half of the male participants reported having cardiovascular co-morbidities. Other 

co-morbidities included conditions such as migraine, breast cancer, diabetes, diabetic 

neuropathy, low back pain, and Irritable Bowel Syndrome.  

 

4.2 Outcome Measures  

The mean values ± standard deviation for the Total WOMAC Score and sub-scale 

scores are listed in Table 7. The value for the Total WOMAC score indicated a study 

population of predominately mild OA. The large standard deviations indicate a wide 

variation in scores. For example, the total WOMAC scores ranged from 6 to 55 (max 100). 

There was no statistical difference between male and female participant WOMAC scores. 
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Table 6: Participant Demographic Information 

 

 

 

 

 

 

 

 

 

 

 

 

 

Values are mean ± standard deviation for female, male and all participants.  yrs, years; kg, 
kilograms; cm, centimeters. Co-morbidities are reported as the number of participants in the 
specific category. (*) represents significant difference between male and female participants 
at p<0.05 

Variables   Participants  

  

 

Female 

(n=10) 

Male 

(n=10) 

All 

(n=20) 

Age (yrs) 70±14 69±16 69±14 

Weight (kg) 71±13 79±12 75±13 

Height (cm) 162±7 171±10 166±9 

Duration of OA (yrs) 

 

8±4 12±1* 10±8 

Co-morbidities 
    None 
    Respiratory 
    Cardiovascular 
    Other 

 
1 
1 
2 
6 

 
3 
1 
5 
1 

 
4 
2 
7 
7 
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Table 7:  WOMAC Scores  

 
 
 
 
 
 
 
 
 
 
 
 

Category   Participants         

  

 

Female 
(n=10) 

Male 
(n=10) 

All 
(n=20) 

Pain 23±17 19±10 21±13 

Stiffness 45±25 26±21 35±24 

Function 28±19 27±23 27±20 

Total 32± 17 24±14 25±16 

Values are means ± standard deviation. Values represent percent of maximum score for each 
sub-scale and for the total score in female, male, and all participants. 
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 The mean values ± standard deviation for the Six-Minute Walk Test (6MWT) and 

the Incremental Shuttle Walk Test (ISWT) distances are shown in Panels A and B 

respectively in Figure 3.  In both the 6MWT and ISWT, the men walked significantly greater 

distances than the female participants (6MWT, 485±70 vs. 389±105 m; ISWT, 351±12 vs. 

240±88 m). The distances walked in the 6MWT were greater than those in the ISWT in all 

participants (p<0.05) (6MWT; 437±100 m vs. ISWT; 298±119 m). 

The mean values ± standard deviation for AAS and MAS are shown in Panels A and 

B respectively in Figure 4. The MAS and AAS scores for all participants averaged 74±8 and 

65±14 respectively.  No gender differences were found between men and women in the MAS 

and AAS scores.  

The mean values ± standard deviation for Arthritis Self-Efficacy scores are listed in 

Table 8. Participants reported relatively high self-efficacy scores in all categories. Among the 

three Self-Efficacy sub-scales, the male partcipants reported higher Functional Self-Efficacy 

scores as compared to female participants.   

The mean values ± standard deviation for the 8 sub-scales and the PCS and MCS of 

the SF-36 for female, male, and all participants are listed in Table 9.  The lowest rating for all 

participants was observed in the Bodily Pain sub-scale while the Social Function sub-scale 

received the highest rating. The PCS score was lower (41±9) when compared with the 

Canadian normative PCS score (47±9) within the age group of 65-74 years, indicating that 

the participants in this study had physical health problems which significantly impacted their  
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Figure 3:  Mean values ± standard deviation for the 6-Minute Walk Test (6MWT) (Panel A), 
and the Incremental Shuttle Walk Test (ISWT) (Panel B) for female, male, and all 
participants. m, meters. (*) represents significant difference between male and female 
participants at p<0.05. (§) represents significant difference between 6MWT and ISWT for all 
participants at (p<0.05). 
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Figure 4:  Mean values ± standard deviation for the Maximum Activity Score (MAS) (Panel 
A), and Adjusted Activity Score (AAS) (Panel B) of the Human Activity Profile for female, 
male, and all participants.   
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Table 8: Arthritis Self-Efficacy Scores 

Category  Participants  

 Female 

(n=10) 

Male 

(n=10) 

All 

(n=20) 

Pain  78±19 84±13 81±16 

Function 87±10 94±6* 90±9 

Other  80±17 86±9 83±14 

Total  80±15 88±7 84±12 

Values are means ± standard deviation for the Total score and sub-scale scores for Self-
Efficacy, each with a potential maximum value of 100, for female, male, and all participants.  
(*) represents significant difference between female and male participants at p<0.05 
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Table 9: Quality of Life Scores 

Category Participants 
 Female 

(n=10) 
Male 

(n=10) 
All 

(n=20) 

Sub-Scales 
 
Physical Function 
 
Role Physical 
 
Bodily Pain 
 
General Health 
 
Vitality 
 
Social Function 
 
Role Emotional 
 
Mental Health 
 
 
Composite Scores 
 
PCS 
 
MCS 

 
 

53±19 
 

60±51 
 

50±19 
 

72±20 
 

65±13 
 

80±26 
 

79±35 
 

80±15 
 
 
 
 

37±10 
 

56±7 

 
 

68±24 
 

67±39 
 

67±16 
 

72±13 
 

65±11 
 

90±14 
 

70±42 
 

77±11 
 
 
 
 

44±7 
 

52±9 

 
 

60±23 
 

63±44 
 

58±19 
 

72±16 
 

65±12 
 

85±21 
 

75±38 
 

78±9 
 
 
 
 

41±9 
 

54±8 

Values are mean ± standard deviation for the 8 sub-scales of the SF-36 generic quality of life 
measure for female, male, and all participants. Sub-scales scores are out of a maximum of 
100. PCS, Physical Component (Composite) Score; MCS, Mental Component (Composite) 
Score.  Composite scores are calculated relative to a value of 50±10 in the chosen normative 
population (Canadian norms).     
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 50

quality of life. However, the MCS score (54±8) was comparable to the Canadian general 

population (53±8) (Hopman 2000). 

 

4.3 Correlation and Regression Analysis 

The correlation coefficients (r) from a chosen sub-set of outcome measures are listed 

in Table 10; a table containing correlation coefficients comparing all outcome measures can 

be found in Appendix V. A significant moderate correlation was found between the 

performance-based measures of physical function, 6MWT and ISWT with MAS (r=0.69 & 

0.68) and AAS (r=0.69 & 0.69) respectively. Only the 6MWT showed significant moderate 

correlations with the WOMAC stiffness sub-scale and WOMAC Total sub-scores. No 

significant correlations were observed between the WOMAC scores and self-report measures 

of physical function scores (MAS and AAS). Significant moderate to strong positive 

correlations were found between the ASE total score and performance-based 6MWT 

(r=0.70), ISWT (r=0.45, MAS (r=0.59), and AAS (r=0.60).  The PCS score showed a 

significant moderate correlation with ASE Total (r= 0.51), 6MWT (r=0.47) and MAS 

(r=0.59) and a strong correlation with AAS (r=0.72). No significant correlations were found 

between the MCS and other outcome measures.  

The outcomes of the forward stepwise linear regression to test our predicted models 

of physical function are listed in Table 11. A model using each of the two performance-based 

physical function measures (6MWT, ISWT) and each of the two self-report physical function 

measure (AAS, MAS) as dependent variables with the two independent variables of 

WOMAC Total score (disease severity) and Arthritis Self-Efficacy Total score was tested.  In 

all cases, the stepwise regression only retained ASE as single predictor of physical function. 



Table 10: Multiple Correlating Matrix Outcome Measures (n=20) 

Variables WP WS WF WT MAS AAS SET PCS MCS 6MWT ISWT 

WP 1 0.58** 0.49* 0.80** -0.12 -0.07 -0.37    -0.26 0.20  -0.39 -0.20 

WS  1   0.35 0.85** -0.35 -0.28  -0.55*    -0.37 0.34 -0.57** -0.35 

WF   1 0.75** -0.18 -0.18     -0.39    -0.33 0.26  -0.36 -0.27 

WT    1 -0.30 -0.25   -0.56**    -0.41 0.36 -0.57** -0.36 

MAS     1        0.92**    0.59**     0.59** -0.17 0.69**     0.68** 

AAS      1    0.60**     0.72** -0.23 0.69**    0.69** 

SET       1   0.51* 0.04 0.70**  0.45* 

PCS        1 -0.11 0.47*      0.34 

MCS         1  -0.21    -0.26 

6MWT          1    0.75** 

ISWT           1 

WP, WOMAC Pain; WF, WOMAC Function; WS, WOMAC stiffness; WT, Total WOMAC; MAS, Maximum Activity Score; AAS, 
Adjusted Activity Score; PCS, SET, Self-Efficacy Total Score; Physical Component Summary Score; MCS, Mental Component 
Summary Score; 6MWT, Six-Minute Walk Test; ISWT, Incremental Shuttle Walk Test.  (*) represents significant relationship at 
p<0.05.  (**) represents significant relationship at p<0.01. 
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Table 11: Regression Models of Physical Performance 

Dependent 
Variable 

Independent 
Variable 

 

Adjusted 
R2 

Standard Error of 
The Estimate 

P 

6MWT ASE Total 0.44 75 <0.01 

ISWT ASE Total 0.16 109 <0.05 

AAS ASE Total 0.34 12 <0.01 

MAS ASE Total 0.31 7 <0.01 

6MWT, 6-Minute Walk Test; ISWT, Incremental Shuttle Walk Test; ASE Total, Arthritis 
Self-Efficacy Total Score; AAS, Adjusted Activity Score, MAS, Maximum Activity Score.  
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The 6MWT was best predicted by ASE total with an adjusted R2 of 0.44. However, the 

Standard Error of the Estimate (SEE) indicated a large variance associated with this 

prediction indicating a low precision. Although ASE Total was determined to be a significant 

predictor of ISWT, it could only account for 16% of the total variance and also demonstrated 

a large SEE. Similarly, ASE Total was a significant predictor of the self-report measures of 

physical function, but the adjusted regression correlations of 0.34 and 0.31 for AAS and 

MAS respectively were not as great as that seen with the 6MWT.  Further, a differential 

contribution of ASE Total to sub-maximal versus maximal self-report measures of physical 

activity was not observed.  
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CHAPTER FIVE 

 
DISCUSSION 

 
 

The purpose of this study was to examine the relative contribution of self-efficacy to 

sub-maximal and maximal performance-based measures of physical function and subjective 

measures of physical function across disease severity in individuals with knee OA. The 

relationship between health-related quality of life and self-efficacy was also examined. Our 

regression analyses revealed that self-efficacy contributed to 44% of the variance of sub-

maximal performance-based physical function (6MWT), but contributed little (16%) to the 

variance of maximal performance-based physical function (ISWT). The regression analysis 

did not recognize disease severity (WOMAC score) as a significant contributor to 

performance-based physical function. Difficulty in recruitment of individuals with severe 

knee OA resulted in a participant sample comprised only of individuals with mild to 

moderate knee OA. Therefore, a possible reason for WOMAC scores to be excluded from the 

regression analysis might be due to the lack of a representative sample across the span of 

disease severity. However, the exact reason for excluding WOMAC scores from the 

regression model is not known. When a similar regression was performed for self-efficacy 

versus self-reported (subjective) physical performance, no differential contribution of self-

efficacy to sub-maximal (AAS) (r2=0.31) versus maximal performance (r2 =0.34) (MAS) was 

observed. The results of this study suggest that in mild to moderate knee OA, sub-maximal 

physical function can be substantively influenced by an individual’s belief in his/her ability 

to perform a given task, but not so when the intensity of the activity approaches maximal 

levels. The data also indicated a moderate relationship between self-efficacy and the Physical 
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Component Score (PCS) (r=0.51) of health-related quality of life but no relationship was 

found with the Mental Composite Score (MCS).   

Self-efficacy, defined as one’s belief of his/her ability to carry out a specific task 

successfully, is a strong mediator of behaviour (Bandura, 1991). The concept of self-efficacy 

consists of three inter-related domains ; 1) having task knowledge and related skills, 2) 

having a clear sense of confidence in his/her ability to mobilize the motivation and cognitive 

resources required to perform a specific task, and 3) having confidence in one’s ability to 

successfully execute a specific task in a given context. These three principals are thought to 

be a strong mediator of an individual’s willingness to perform a given task despite disabilities 

(Bandura, 1997).   

Self-efficacy measured using Arthritis Self-Efficacy scale contributed to 44% of the 

variance in sub-maximal performance-based physical function but very little to maximal 

performance-based physical function (16%). Other studies have also reported that self-

efficacy moderately contributed to the physical performance (Harrison, 2004; Maly et al., 

2005; Rejeski et al., 2001). A strong correlation has been observed between Functional Self-

efficacy (FSE) and 6MWT distance (r=0.72) and FSE contributed to 50% of the variance in 

6MWT distance in 54 individuals with mild to moderate knee OA (Maly et al., 2005).  

Harrison (2004) reported that FSE and balance explained 42% of the variance in physical 

performance (Stair climbing, Sit-to-Stand, 20-minute walking) in 50 women with mild to 

moderate knee OA. In 480 older adults with moderate knee OA task specific self-efficacy 

such as stair climbing self-efficacy correlated moderately (r=0.53) with actual performance 

of stair climbing (Rejeski et al., 2001).  However when reveiwing our data, we found a 

moderate correlation (r=0.62) between FSE and 6MWT distance (Appendix V). Due to the 
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small number of participants in our study, we were limited in the number of independent 

variables that could be entered in the regression model.  Therefore, the ASE total score rather 

than an individual sub-scale score was used as the primary self-efficacy independent 

variable.   

Although self-efficacy contributed 44% of the variance in sub-maximal performance-

based physical function, self-efficacy contributed only 16% of the variance in maximal 

performance-based physical function. To date no data have been reported for the contribution 

of self-efficacy to maximal performance-based physical function in the OA population. The 

low contribution of self-efficacy to maximal performance might be due to a greater 

contribution of other factors such as pain, muscle strength, and/or balance.  As one moves to 

greater levels of physical intensity, these and other, mechanical factors may play a greater 

role in determining physical function as compared to activities performed at a sub-maximal 

level. Our study, however, did not measure other factors that may have contributed to 

maximal performance.  

 Unlike our findings with performance-based physical function, self-efficacy contributed 

equally to the variance of subjective measures of sub-maximal (AAS) (r2=0.34) and maximal 

(MAS) (r2=0.31) physical function. Some studies have noted that a moderate relationship 

between self-efficacy and self-report measures of physical function. Significant moderate 

correlations were found between the self-efficacy sub-scales of Function (r=-0.56), Pain (r=-

0.40), and Other Symptoms (r=-0.56) and the self-report Functional Performance Inventory 

questionnaire in 29 women with moderate to severe knee OA; no such relationship was found 

in men (Gaines et al., 2002). Further, a significant moderate relationship was found between 

the self-efficacy sub-scales of Function (r=-0.51) and Other Symptoms (r=-0.45) versus the 

 56



WOMAC Physical Function sub-scale in 54 participants with mild to moderate knee OA 

(Maly et al., 2006). In the current study, a moderate correlation was found between MAS and 

the self-efficacy sub-scale scores of FSE (r=0.59), PSE (r=0.46), and OSE (r=0.51) 

(Appendix V).  A moderate correlation was also found between AAS and self-efficacy sub-

scales for FSE (r=0.70), PSE (r=0.46), OSE (r=0.55).  

The reason for not seeing a differential contribution of self-efficacy to self-reported sub-

maximal and maximal physical function in the current study might be due to the small 

difference between the MAS (74±8) and AAS (65±14) values.  The MAS score represents 

the number of the highest energy requiring activity the individual is still doing, whereas the 

AAS is calculated by subtracting the number of activities the individual has stopped doing 

due to his/her condition from the MAS score. One can visualize the AAS as an indicator of 

an individual’s capacity to function within the maximum limitation of their condition (MAS). 

Usually a greater difference between the MAS and AAS values have been reported in chronic 

disease populations such as end-stage renal disease (MAS=70±15, AAS=55± 21, Δ=15) 

(Johansen et al., 2001), (MAS 55±15, AAS 43±19, Δ=12) (Fix & Daughton, 1988) and 

Chronic Obstructive Pulmonary Disease (MAS= 62±11, AAS= 44± 15, Δ=18) (Nield et al., 

2005).  This trend was also noted in knee osteoarthritis population in which Benell et al., 

(2004) reported a MAS score of  76±8 and an AAS score of 62±13 (Δ=14) in participants 

with mild to severe knee OA. The current study only had participants with mild to moderate 

knee OA and at these levels of the disease, there may not be a substantive impingment on 

one’s daily activities of living, resulting in small difference between the MAS and AAS 

scores (Δ=9). The other possible reason could be due to the small sample size. The difference 

between perceived maximal and sub-maximal function using the HAP may not have been 
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sufficient to statistically identify a differential contribution of self-efficacy to MAS or AAS. 

In essence they were one and the same value for the current population studied  as indicated 

by a strong correlation between AAS and MAS in the current study (r=0.92).   

There was a significant moderate correlation between self-efficacy and the PCS (r=0.51) 

on the health-related quality of life questionnaire, but no relationship was found between 

self-efficacy and MCS.  In the current study the PCS score of 41±10 indicated that the 

individuals were more likely to perceive that physical health problems significantly impeded 

life functioning as compared to the healthy Canadian population (Blanchard, Cote & Feeny, 

2004). Conversely, the MCS score of 54±10 indicated that the individuals in our study were 

less likely to perceive that mental health problems impeded life function as compared to the 

healthy Canadian population (Blanchard et al., 2004). In the knee OA population, it is 

commonly reported that physical health-related quality of life is decreased, whereas the 

mental health-related quality of life is unaffected (Brien et al., 2006; Jones et al., 2003; 

Rannou et al., 2007). In participants (n=2,540) with a mean age of 67±10 years diagnosed 

with moderate knee OA (WOMAC 46±19, Max 100), PCS and MCS scores were 32±8 and 

47±10 respectively (Rannou et al., 2007). Similarly, participants with moderate knee OA 

(WOMAC=117±34, Max 240) also reported a PCS of 33.4, whereas the MCS was 47.7 as 

compared to the normative population (Brien et al., 2006). In individuals with severe knee 

OA an even greater decrement in PCS (26±7) was observed, but again the MCS (50±11) was 

similar to that of the healthy American population (Jones et al., 2003). In summary, the 

findings from these studies indicate that individulas with knee OA maintain psychological 

well-being despite a decrease in physical function imposed by the disease.  
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Clinical Relevance 

Overall, the results of this study indicate that perceived self-efficacy is a contributing 

factor when one performs activities at a sub-maximal level. However when one moves to 

higher intensity activities, the contribution of self-efficacy to performance is minimal. 

Further, the SF-36 results indicate that it is physical not mental issues that impact on function 

in individuals with OA. Physical therapists often play a vital role in optimizing function in 

people with osteoarthritis. Since self-efficacy is a substantive contributor to sub-maximal 

performance, therapy focusing on exercise training at a sub-maximal level in the knee OA 

population should include strategies for enhancing self-efficacy along with the endurance and 

strengthening programs. However, when focusing on higher intensity exercise, a greater 

focus should be given to strengthening muscles and decreasing pain.  Strategies for 

enhancing self-efficacy include identifying and emphasizing a participant’s past and present 

success or achievement, advising the participant to observe successful behaviors of other 

participants, giving positive feedback on participant’s efforts, and encouraging patients to 

adopt healthy behaviors (Bandura, 1997). The other strategies for enhancing self-efficacy in 

the OA population include the: Arthritis Self-Management Program (ASMP), decreasing 

pain through cognitive techniques such as distraction and guided imagery, promoting 

relaxation and exercise and providing strategies for managing anxiety and depression 

(Barlow, Turner & Wright, 1998; Lorig et al., 1989).  Although conventional education 

programs can help to improve function in individuals with OA, specific programs such as the 

ASMP, which incorporates self-efficacy theory, have been proven to be more successful in 

mediating functional outcomes in OA population (Barlow et al., 1998; Lorig et al., 1989; Yip 

et al., 2007).  The Arthritis Self-Management Program consists of exercise training, 
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relaxation, appropriate use of joints, medication and patient physician communication and 

problem solving (Lorig et al., 1989). Self-efficacy can also be enhanced by aerobic and 

resistance training programs (Rejeski et al., 1996). The other clinical implication is that when 

clinicians want to understand physical functional limitations in the OA population, a 

comprehensive examination of physical assessment should involve a sub-maximal and 

maximal performance-based physical function and one self-report questionnaire (WOMAC, 

HAP) inorder to cover a wide range of abilities.   

 

Limitations 

One of the limitations in our study may have been the small sample size, which limited 

the use of variables in the regression model. It is suggested that a minimum of 10-15 subjects 

be recruited for each independent variable used in a regression model (Zar, 1996). In the 

current study, two independent variables (Disease Severity and Arthritis Self-Efficacy) were 

used for each model and our power calculation indicated adequate statistical power with our 

current sample size.  

The primary limitation of our study was the failure to recruit individuals with severe knee 

OA thus limiting the generalizability of the findings to individuals with mild to moderate 

knee OA. Having a broader span of severity of knee OA may have lead to different results 

relative to the contribution of self-efficacy to sub-maximal and maximal physical function at 

mild, moderate, and severe knee OA.   
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Future Directions 

The results of this study demonstrated that in mild to moderate knee OA, sub-

maximal physical function can be substantively influenced by an individual’s belief in his/her 

ability to perform a given task, but not so when the intensity of the activity approaches 

maximal levels. Further, the PCS scores demonstrated that individuals in the current study 

perceived physical health problems to significantly impact on their quality of life, but not 

mental issues.  

In order to advance the knowledge obtained in the current study, future studies need 

to include a larger sample of people with knee OA and over a broader span of OA severity. A 

longitudinal design to evaluate sub-maximal and maximal physical function, following a self-

help intervention to promote self-efficacy versus physical therapy intervention programs will 

help to identify the role of self-efficacy in optimizing function in the OA population.  

Further, studies of factors contributing to maximal physical function such as mechanical 

(muscle strength, balance, limb alignment) and psychosocial factors (anxiety, depression) 

need to be examined in the knee OA population.  
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Recruitment Advertisement 

 79



 

 

 

Do You Have Osteoarthritis?
We are looking for volunteers to participate in a research study.
We invite you to participate in our study which is aiming to  understand the 
factors influencing how you feel about your physical function. Participants 
who have knee osteoarthritis confirmed by your doctor, but have not had 
surgery are invited.

This study will involve a single visit which will take place at School 
of Rehabilitation Therapy, Queen’s University (George and Stuart streets). 
You will be asked to fill out questionnaires about your health, physical 
dysfunction, physical activity, quality of life.
If you have questions, please contact Jafar Sadiq at
(613) 549-3929 or 5ja2@qlink.queensu.ca

 
 

 

 

 

 

 

 

 

 

 80



 

 

 

 

 

 

 

 

 
APPENDIX- II 

Demographic Information Form 

 81



PARTICIPANT DEMOGRAPHIC INFORMATION 

 

Participant Code:_______________     Date:____________ 

 

 

Age:__________(yrs)   Date of Birth: ______________ Gender: M      F    circle one 

 

Height: ________(ft)_______(in)   Weight_______(Ibs)_______(Kg) 

 

 _________(cm) 

 

Highest Completed Level of Education: 

 □ Elementary School 

 □ Secondary School 

 □ Post-Secondary School 

 □ Post-Secondary School- Graduate (Masters/Doctoral) 

 □ Others: _________________________ 

 

Employment Situation: 

□ I am employed 

 □ Full time 

 □ Part-time 

□ Retired 
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□ I am self-employed 

□ I am unemployed 

□ I am on disability 

 □ Short term 

 □ Long term 

□ Insurance involvement (i.e. WSIB, liability etc) 

Marital Status: 

 □ I am single 

□ I am divorced 

□ I am separated 

□ I am widowed 

□ I am Married 

□ I am living in a common law situation 

□ I am single but share accommodation 
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Research Ethics Approval 
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Informed Consent Form 
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       INFORMED CONSENT FORM 

 

Physical Function and Self-efficacy across Mild, Moderate and Severe Knee 

Osteoarthritis 

 

 Invitation to Participate: 

You are invited to participate in a research study, in which you will be asked to complete 

questionnaires regarding physical function, physical activity, quality of life and self-efficacy 

and will also participate in two walking tests. 

Basis for Subject Selection: 

The reason you are being asked to take part in this study is because you have been diagnosed 

with OA of the knee by your doctor, but have not had surgery.  

Purpose of the Study: 

The purpose of the current study is to examine the contribution of self-efficacy to physical 

function and quality of life across disease severity in knee OA. 
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Explanation of Procedure: 

You will be asked to complete 4 questionnaires describing confidence, walking, daily 

activities and symptoms. You will be asked to perform 2 walk tests; one at your own pace 

and the other at a pace increased each minute. Before and after each walk test, resting blood 

pressure, heart rate and rating of perceived exertion will be measured. It is anticipated that 

the entire experimental procedure will take approximately 2 hours. Data collection will take 

place at the School of Rehabilitation Therapy, Queen’s University. 

 

Potential Risks and Discomfort: 

During the visit, you may experience some leg discomfort and/or muscle tiredness 

following the walk tests.  All soreness or fatigue should settle within 24 hours of your visit. If 

you have any unusual symptoms or an injury related to the study, please contact Jafar Sadiq 

at (613) (549-3929).  

 

Potential Benefits 

 You will not benefit directly from the study. The study may help us understand which 

factors are most important in determining daily function in individuals with OA and also help 

clinicians to identify those factors that need to be addressed during treatment.  

 

Financial Obligation 

There are no financial obligation on your part for participating in the study. Parking will be 

provided. 
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Assurance of Confidentiality 

 All information obtained during this study will be strictly confidential. Your 

anonymity will be protected at all times. Each participant will receive a participant code, 

known only to the investigators. The database containing your results from the questionnaires 

will be available  on an excel spreadsheet using only your partcipant code. Any identifying 

information (i.e. the code sheet listing participant names and associated code) will be kept in 

a locked file cabinet in the Principal Investigator’s laboratory. Only the investigators of this 

study will have acess to this information.   

 

Withdrawal from the  study 

Your  participation is voluntary. You may withdraw at any time for any reason.    

  

Offer to Answer Questions 

If you have any questions, please do not hesitate to contact one of the investigators listed 

below, or Dr. Patrick Costigan of the study at 613-533-6603 (office). 

If you have any concerns regarding the graduate student’s authorization to perform this study 

you may contact Dr. Elsie Culham, Acting Director, School of Rehabilitation Therapy at 

613-533-6727. 

If you have any concerns regarding the rights of research subjects, you may contact  

Dr. Albert Clark, Queen’s University Research Ethics Board (REB) at 613-533-6081 
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YOU ARE VOLUNTARILY MAKING A DECISION WHETHER OR NOT TO 
PARTICIPATE IN THIS RESEARCH STUDY. YOUR SIGNATURE CERTIFIES THAT 
YOU HAVE DECIDED TO PARTICIPATE HAVING READ AND UNDERSTOOD THE 
INFORMATION PRESENTED. YOUR SIGNATURE ALSO CERTIFIES THAT YOU 
HAVE HAD AN ADEQUATE OPPORTUNITY TO DISCUSS THIS STUDY WITH THE 
INVESTIGATORS AND YOU HAVE HAD ALL YOUR QUESTIONS ANSWERED TO 
YOUR SATISFACTION. YOU WILL BE GIVEN A COPY OF THIS CONSENT FORM 
TO KEEP 
 
 
 
_______________________     _________________ 
Signature of Participant     Date 
 
MY SIGNATURE AS WITNESS CERTIFIES THAT THE SUBJECT SIGNED THIS 
CONSENT FORM IN MY PRESENCE AS HIS/HER VOLUNTRY ACT AND DEED. 
 
 
 
______________________               _________________ 
Signature of Witness      Date 
 
 
IN MY JUDGEMNT, THE SUBJECT IS VOLUNTARILY AND KNOWINGLY GIVING 
INFORMED CONSENT AND POSSESSES THE LEGAL CAPACITY TO GIVE 
INFORMED CONSENT TO PARTICIPATE IN THIS RESEARCH STUDY. 
 
 
 ___________________________                                    _________________________ 
 Signature of Investigator     Date 
                     
Co-Investigator      Co-Investigator 
Dr. Patrick Costigan  Dr. C. King-Van Vlack 
School of Kinesiology and Health Studies   School of Rehabilitation Therapy 
Queen’s University     Queen’s University 
Kingston, ON  K7L 3N6    Kingston, ON K7L 3N6 
Phone:(613) 533- 6603    Phone:(613) 533-6341 
Email: 3pac13@post.queensu.ca   Email: kingce@post.queensu.ca 
 
 
Student Investigator 
Jafar Sadiq, MSc RHBS Candidate 
School of Rehabilitation Therapy 
Phone: 613-5493929 
Email: 5ja2@qlink.queensu.ca 
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APPENDIX-V 

Multiple Correlation Matrix Outcome Measures 

 

 

 

 

 

 

 

 

 

 

 

 
 



Variables W 

P   

W 

S  

W 

PF  

T 

 W  

MAS AAS PSE  FSE 

 

OSE  SE  T  SF-36 

PF 

SF-

36 

RP 

SF36 

BP 

SF36 

GH 

SF36 

V 

SF36 

SF 

SF36 

RE 

SF36 

MH 

PCS MCS 6MWT 

(m) 

ISWT 

(m) 

W P 1 0.58** 0.49* 0.80** -0.12 -0.07 -0.23 -0.35 -0.21 -0.37 -0.19 0.12 -0.45* -0.04 -0.13 -0.19 0.26 0.06 -0.26 0.20 -0.39 -0.20 

W S  1 0.35 0.85** -0.35 -0.28 -0.49* -0.49* -0.32 -0.55* -0.18 0.03 -.59** 0.01 -0.23 -0.27 0.49* 0.09 -0.37 0.34 -0.57** -0.35 

W PF   1 0.75** -0.18 -0.18 -0.26 -0.37 -0.25 -0.39 -0.20 0.06 -0.30 -0.28 -0.14 -0.37 0.37 0.22 -0.33 0.26 -0.36 -0.27 

T W     1 -0.30 -0.25 -0.44 -0.52** -0.34 -0.56** -0.24 0.08 -.57** -0.13 -0.22 -0.36 0.49* 0.16 -0.41 0.36 -0.57** -0.36 

MAS     1 0.92** 0.46* 0.59** 0.51** 0.59** 0.62** 0.20 0.50** 0.26 0.30 0.32 0.04 -0.16 0.59** -0.17 0.69** 0.68** 

AAS      1 0.39 0.70** 0.55** 0.60** 0.74** 0.35 0.43 0.29 0.28 0.46* 0.01 -0.23 0.72** -0.23 0.69** 0.69** 

PSE        1 0.57** 0.72** 0.92** 0.12 0.14 0.56** 0.04 0.37 0.45* 0.06 0.07 0.26 0.15 0.53** 0.35 

FSE        1 0.52** 0.77** 0.50** 0.17 0.45* -0.05 0.15 0.49* -0.30 -0.15 0.52** -0.30 0.62** 0.59** 

OSE         1 0.88** 0.29 0.48* 0.41 0.29 0.58** 0.64** 0.07 0.02 0.52** 0.13 0.65** 0.26 

SE T           1 0.31 0.30 0.56** 0.11 0.44 0.60** -0.03 0.00 0.51* 0.04 0.70** 0.45* 

SF_36 

 PF 

          1 0.32 0.32 0.43 0.33 0.41 0.11 -0.18 0.79** -0.21 0.36 0.49 

SF-36  

  RP 

           1 0.27 0.63** 0.63** 0.65** 0.46* 0.34 0.68** 0.43 0.12 -0.04 

SF-36 BP             1 0.34 0.32 0.65** 0.10 0.00 0.61** 0.06 0.46 0.33 

SF36 GH              1 0.58** 0.60** 0.43 0.26 0.66** 0.39 0.14 -0.07 

SF36 V               1 0.48* 0.38 0.46* 0.51* 0.51** 0.34 0.10 

SF36 SF                1 0.16 0.21 0.73** 0.27 0.46* 0.19 

SF 36 RE                 1 0.42 0.09 0.78** -0.29 -0.16 

SF36  MH                  1 -0.13 0.84** -0.11 -0.18 

PCS                   1 -0.11 0.47* 0.34 

MCS                    1 -0.21 -0.26 

6MWT                     1 0.75** 

ISWT                      1 

W P, WOMAC Pain; W S, WOMAC Stiffness; W PF, WOMAC Physical Function; T W, Total WOMAC; ASE, Arthritis Self-Efficacy, ASE P, Pain; ASE F, Function; ASE O, Other Symptoms; ASE 
T, Total; SF-36 PF, Physical Function;  SF-36 RP, Role Physical; SF-36 BP, Bodily Pain; SF-36 GH, General Health; SF-36 SF, Social Function; SF-36 RE, Role Emotion; SF-36 V, Vitality; SF-36 
MH, Mental Health; PCS, Physical Component Summary Score; MCS, Mental Component Summary Score (*) represents significant relationship at p<0.05.  (**) represents significant relationship at 
p<0.01. 
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