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ABSTRACT 

Knee osteoarthritis (OA) is a degenerative joint condition characterized by 

progressive joint pain, swelling, and loss of muscle and joint function for which there is 

no known cure (Rogers & Wilder, 2008). Current research indicates that the most 

important modifiable risk factor for the development and progression of knee OA is 

obesity (Messier et al., 2005), a condition that is increasingly common in older adults 

(Miller et al., 2006). Established treatment guidelines for knee OA recommend regular 

exercise for disease management (Zhang et al., 2008). However, for obese patients 

weight-bearing exercise elicits large joint forces that can exacerbate symptoms and 

influence disease progression (Rogind et al., 1998). Using a new anti-gravity treadmill 

capable of generating a lifting force called lower body positive pressure (LBPP), obese 

patients with knee OA can engage in regular physical activity while minimizing joint 

loading (Eastlack et al., 2005; Grabowski & Kram, 2008). The aim of this study was to 

assess the effect of a 12-week, anti-gravity treadmill walking (AGTW) program on knee 

pain and function in obese older adults with knee OA. The alternate hypothesis was that 

there would be a difference between Knee Injury and Osteoarthritis Outcome Score 

(KOOS) results before and after the anti-gravity treadmill walking program. 

A group of 25 participants with a mean (SD) age of 64.2 (6.1) years and BMI of 

33.0 (6.8) kg/m2 completed AGTW twice per week for 12 weeks at a body weight 

percentage that minimized knee pain. Knee symptoms and function (KOOS), knee pain 

during full weight-bearing treadmill walking (FTW), isokinetic quadriceps and hamstring 
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muscle strength, cardiovascular fitness (YMCA submaximal cycle ergometer test), 

general health status (SF-12), and activity level (average daily pedometer readings) were 

assessed at baseline and following the completion of the 12-week program using paired t-

tests and Wilcoxon signed rank sum tests (α = 0.05). Improvements between baseline and 

outtake were found in all KOOS subscales, as well as hamstring and quadriceps thigh 

muscle strength. Knee pain during full FWB and AGTW decreased following the 12-

week program. No significant differences were found in cardiovascular fitness, SF-12 

scores, or average daily pedometer readings. 

The results of this study suggest that anti-gravity treadmill walking increases 

thigh muscle strength, reduces knee pain, and increases functional capacity during daily 

activities, including FTW in older, obese individuals with knee OA. Anti-gravity 

treadmill technology has the potential to improve the health and functional capacity of at-

risk knee OA individuals, and advance current methods of rehabilitation and long-term 

management of chronic symptomatic knee OA. 
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1. INTRODUCTION 

Osteoarthritis (OA) is term used to describe a range of pathologic disorders that 

occur in synovial joints and result in a degradation of the structural integrity and 

functional capacity of the joint (Nuki, 1999). OA has the potential to result in significant 

joint pain and functional impairment. There is currently no known cure (Health Canada, 

2003).  OA is a widespread disease, affecting 25 million people in Canada and the United 

States combined. It is expected that by 2026, as the population ages, one in five 

Canadians will have OA (Badley & DesMeules, 2003).  

The functional impact of symptomatic OA can be extensive, especially when it 

occurs in weight-bearing joints, such as the knees. OA causes more difficulty with 

walking and stair climbing than any other disease (Zhang & Jordan, 2008). In older 

adults, knee OA represents a risk of disability equivalent to cardiac disease and greater 

than any other medical condition (Jordan et al., 2003).  

Two classification systems are currently in use for diagnosing knee OA, based on 

the presence of radiographic evidence alone (Radiographic OA) or the presence of joint 

symptoms (i.e. pain) in addition to radiographic evidence (Symptomatic OA) (Arden & 

Nevitt, 2006). Radiographic OA relies on the use of x-ray imaging to determine the 

presence of joint space narrowing and osteophyte formation, as well as cysts, sclerosis, 

and joint deformity (Zhang & Jordan, 2008). Symptomatic OA is defined by the presence 

of symptoms, including pain and stiffness, during most days of the previous month 

(Arden & Nevitt, 2006). The correlation between radiographic and symptomatic knee OA 
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is unclear and believed to be fairly modest (Neogi et al., 2009), indicating that factors 

other than radiographic changes influence joint symptoms.  

The development of knee OA can be described as a disruption of the equilibrium 

between the breakdown and repair of joint tissues (Hunter, McDougall, & Keefe, 2008). 

However, the exact cause of this disruption is unknown and believed to be related to 

multiple risk factors, both systemic and mechanical (Zhang & Jordan, 2008). Systemic 

risk factors include age, gender, hormones, and genetics (Arden & Nevitt, 2006; Zhang & 

Jordan, 2008). Mechanical factors include previous joint injury/surgery, leg mal-

alignment, muscle weakness, and obesity (Reijman et al., 2007; Zhang & Jordan, 2008). 

Current research focuses on the role of modifiable risk factors in the prevention 

and treatment of knee OA (Hunter & Lo, 2008). Specifically, there is a large demand 

from patients and doctors for non-pharmacologic, conservative strategies that address the 

prevention and reduction of the functional impairment that is consistent with the 

progression of knee OA (Hunter & Lo, 2008).  

Muscle weakness, specifically in the quadriceps muscle group, is one of the 

earliest and most common symptoms reported by patients with knee OA and has been 

shown to be a better predictor of disability (i.e. loss of joint function) and joint pain than 

radiographic changes alone (Hurley, 1999). The use of quadriceps strengthening 

programs for the management of knee OA has been shown to result in decreased pain and 

increased function (Hunter & Lo, 2008; Jenkinson et al., 2009; Messier, Thompson, & 

Ettinger, 1997; Penninx et al., 2001; Roddy, Zhang, & Doherty, 2005). However, these 

strengthening exercises increase compressive joint loads and have the potential to worsen 
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disease progression and symptoms (Rogind et al., 1998). Additionally, if the affected 

joint has a structural malalignment or excessive laxity, then an increase in quadriceps 

muscle strength may have harmful effects and contribute to further progression of knee 

OA. In a longitudinal study by Sharma et al., 2003, patients with mal-aligned knees and 

high muscle strength showed an increased likelihood of disease progression (Sharma et 

al., 2003).  

Current research indicates that the most important modifiable risk factor for the 

development and progression of knee OA is obesity (Messier, Gutekunst, Davis, & 

DeVita, 2005). Obesity level is determined using a body mass index (BMI), which is a 

ratio of weight in kilograms to height in metres squared. Obesity is defined as a BMI >30 

kg/m2 (Pi-Sunyer et al., 1998). Being obese quadruples the risk of developing knee OA 

for both genders (Felson, 1996). For older adults obesity has become a significant risk 

factor, with the incidence of obesity in adults aged 65-74 having increased by 70% in the 

last 20 years (Miller et. al, 2006). Weight loss interventions using low calorie diets have 

been shown to improve function and decrease pain in subjects with knee OA 

(Christensen, Astrup, & Bliddal, 2005; Christensen, Bartels, Astrup, & Bliddal, 2007; 

Messier et al., 2004), with a 5% decrease in body weight resulting in symptomatic 

improvements (Christensen et al., 2007). However, with dietary interventions a follow-up 

program is required to maintain the weight loss and subsequent symptomatic relief 

(Christensen et al., 2005).  

There appears to be a strong link between physical fitness (muscle strength and 

body composition) and the development and progression of knee OA. Therefore, 

treatment strategies that focus on improving physical fitness have the potential to provide 
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symptomatic relief to patients while avoiding the potential side effects of pharmacologic 

interventions and invasive surgical procedures. As a result, both the American College of 

Rheumatology and the European League Against Rheumatism recommend exercise and 

weight loss for obese patients with knee OA (Messier et al., 2005). 

While exercise and weight loss interventions have the potential to decrease pain 

and improve function in patients with knee OA, they have important limitations. Exercise 

interventions are based on activities that increase joint loading, which can worsen 

symptoms including pain and swelling (Rogind et al., 1998). Weight loss interventions 

use extreme low calorie diets and require long-term follow-up programs in order to 

maintain improvements (Christensen et al., 2005). An intervention that can allow 

individuals to decrease their body weight and increase their muscle strength without 

using extreme diets and minimizing compressive joint loads at the knee would have the 

potential to improve functional abilities and decrease pain while avoiding negative side 

effects. Improved physical fitness (i.e. weight loss and/or strength gains) can potentially 

be accomplished using on a newly designed “anti-gravity” treadmill called the G-trainer 

(Alter-G Inc., Fremont, CA). The treadmill utilizes an enclosed air chamber that can be 

inflated and/or deflated to modify body weight during exercise. When the air chamber 

inflates, there is an increase in air pressure that lifts the participant upwards at the hips, 

opposing the downward force of gravity (“anti-gravity” force). This “anti-gravity” force 

can be used to reduce body weight by as much as 80% thereby significantly decreasing 

joint loads about the knee while walking (Eastlack et al., 2005; Grabowski & Kram, 

2008) and has the potential to significantly reduce ground reaction forces at the knee 
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without compromising normal joint mechanics, muscle activation, and/or cardiovascular 

function (Quigley et al., 2000). 

In this study, the G-trainer treadmill was used for a 12-week walking intervention 

with overweight and obese older adults with mild-to-moderate knee OA to determine the 

effects of an exercise intervention using body weight supported walking on knee pain and 

function. 

 

2. REVIEW OF THE LITERATURE 

2.1 Knee OA- Structure and Function 

2.1.1 Introduction 

The tibio-femoral joint (the knee) is the largest joint in the body, and is created by 

the articulation of the two longest lever arms in the body, the femur and tibia (Nordin & 

Frankel, 2001). There are multiple tissues that contribute to the joint, including ligaments, 

meniscus, cartilage, bone, and muscle. It is the smooth integration of all of these 

structural components that maintains the structural and functional integrity of the joint 

(Welsh, 1980). Knee OA represents the failure of a synovial joint, where any of the 

tissues of the joint can be the first to fail (Brandt, Dieppe, & Radin, 2008). Therefore, in 

order to understand the dysfunction of knee OA, it is important to understand the function 

of all aspects of the joint. 
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2.1.2 The Role of Ligaments 

 Ligaments are dense bands of collagen fibers that are anchored on the ends of 

articulating bones in a joint. These rigid bands help to provide passive stability to the 

joint, guide the joint through a normal range of motion, and contribute to joint 

proprioception (Frank, 2004). The four primary ligaments of the knee joint are the 

anterior cruciate ligament (ACL), the posterior cruciate ligament (PCL), the medial 

collateral ligament (MCL), and the lateral collateral ligament (LCL). The ACL and PCL 

restrict anterior and posterior tibial displacement, as well as internal and external rotation 

of the knee. The MCL and LCL restrict valgus and varus angulation, respectively (Fu et 

al., 1993; Nordin & Frankel, 2001). When a ligament is injured, the motion that it served 

to restrict will occur to a greater degree and disrupt the mechanics of joint motion. For 

example, when the PCL is damaged there is an increase in posterior tibial translation. 

This translation will result in increased contact stress in the anterior portion of the tibio-

femoral joint, increasing wear on the anterior portion of the joint and decreasing the 

ability of the posterior portion of the joint structures to assist in attenuating joint loads 

(Bartz & Laudicina, 2005). The resulting joint dysfunction from ligament injury is a 

significant risk factor for the development of knee OA. A complete tear of any of the 

primary knee ligaments (ACL, PCL, MCL, LCL) has been shown to result in a 50% 

chance of developing knee OA (Kannus, 1988; Kannus, 1989; Lohmander, Englund, 

Dahl & Roos, 2007; Von Porat, Roos, & Roos, 2004). There are multiple factors that can 

determine the cause of OA following ligament injury, including: primary damage to joint 

structures at the time of initial injury; secondary damage from injuries that occur as a 

result of the instability from the initial injury; and chronic injury due to altered joint 
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mechanics (Louboutin et al., 2009). It is unclear if there is any protective effect of 

reconstructive surgery for preventing the development of OA. Multiple studies 

comparing patients with reconstructed and non-reconstructed ACL injuries have been 

unable to demonstrate a protective effect of surgery, and have shown that regardless of 

treatment there is an increased risk of knee OA compared to uninjured patients 

(Lohmander, et al., 2007; Louboutin et al., 2008; Neuman et al., 2008). The role of 

ligaments in restricting joint motion is essential to joint function, and damage to these 

structures has been shown to be a strong risk factor for the development of knee OA.   

2.1.3 The Role of Meniscus 

The menisci are c-shaped fibrocartilaginous discs found between the articulating 

surfaces of the femur and tibia. The medial meniscus is found in the medial compartment 

of the joint and the lateral meniscus is found in the lateral compartment, with both 

spanning approximately two thirds of the articular surface of the tibia (Englund, 2009). 

The matrix of meniscal tissue is porous-permeable which allows fluid flow during 

compression and has a low stiffness to allow deformation under load. This fluid flow is 

also believed to contribute to joint lubrication (Fithian, Kelly, & Mow, 1990). During 

compression, the combination of frictional drag from fluid flow and deformation make 

the meniscus capable of effective shock absorption. The structure of the matrix also 

allows the molecules to slide over one another when subject to shear force which 

maximizes congruity of the joint throughout the range of motion (Fithian et al., 1990). 

The structure of the meniscus allows it to contribute to load transmission and shock 

absorption, as well as contributing to joint stability, lubrication, and proprioception 
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(Englund, 2008). Without the menisci, forces transmitted through the joint would be three 

times higher (Nordin & Frankel, 2001) and result in five times more compressive stress 

on the subchondral bone (Fukuda et al., 2000; Nordin & Frankel, 2001). While a large 

emphasis has been put on articular cartilage in the development of knee OA, the menisci 

appear to play a larger role in attenuating and distributing joint forces than articular 

cartilage (Fukuda et al., 2000). In the absence of cartilage damage, meniscal lesions are a 

strong risk factor for the development of knee OA, indicating that in the development of 

OA meniscal damage may occur prior to any visible change in the articular cartilage 

(Englund, 2008). Meniscal lesions are typically treated by removing the affected portion 

of the meniscus, with an emphasis on keeping as much intact as possible. Even when torn 

or partially removed, the menisci have demonstrated shock-absorbing capabilities 

(Hoshino & Wallace, 1987). Unfortunately, there is a high risk for the development of 

knee OA after surgical resection, and it appears that even when not treated surgically, 

meniscal tears are still a significant risk factor for knee OA (Englund, 2009). Due to the 

importance of the menisci for attenuating joint forces, any tears that compromise their 

structure and function are likely to contribute to the development of knee OA.  

2.1.4 The Role of Cartilage and Bone 

Articular cartilage is an aneural, avascular, alymphatic, and hypocellular 

connective tissue that covers the articulating ends of bone in synovial joints. In 

conjunction with synovial fluid, articular cartilage facilitates nearly frictionless 

movement between the articulating bones and contributes to dissipation and distribution 

of joint loads (Huber et al., 2000). Articular cartilage is a composite material, comprised 
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of interstitial water and solid matrix containing type II collagen and proteoglycans. The 

stiffness of the solid matrix alone is insufficient to sustain normal joint loads (Imhof, 

2000). Instead, the low permeability of the matrix prevents the interstitial water from 

escaping, creating a fluid pressure that makes the dynamic stiffness of cartilage ten times 

greater than that of the solid matrix alone (Arokoski et al., 2000). However, even with 

this increased stiffness, articular cartilage only attenuates 1-3% of joint loads (Imhof et 

al., 2000). It is the integration of articular cartilage into subchondral bone that is the key 

to the role of cartilage in load distribution. At its base, cartilage is linked to the 

underlying subchondral bone in an area called the ‘tide-mark’. This link allows the less 

stiff cartilage to dissipate joint forces by converting them into compressive and tensile 

loads which are transferred to the subchondral bone, which is 10 times stiffer than 

articular cartilage (Brandt et al., 2008). The subchondral bone is able to absorb a higher 

proportion of the loads than articular cartilage and is responsible for attenuating 30-50% 

of the total joint forces (Imhof et al., 2000; Brandt et al., 2008). Therefore, the 

subchondral bone protects the cartilage, which is too thin to effectively function as a 

shock absorber (Brandt et al., 2008). The coupling of the cartilage and subchondral bone 

is essential for efficient load distribution. Therefore, it has been suggested that the impact 

absorbing properties of cartilage and subchondral bone should only be studied as a 

composite material, rather than two separate entities (Hoshino & Wallace, 1987).  

As a response to joint loading, bone will undergo a remodeling process as an 

adaptation to loading and to repair damaged areas. This process is mediated by the 

coupling of osteoclast cells, which function in bone resorption, and osteoblast cells, 

which function in bone formation. Having a balance between these cells maintains bone 
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mass while enabling to constant adaptation and remodeling under different stresses 

(Goldring, 2009). In osteoarthritic joints this remodeling process is activated at the joint 

margins, resulting in the formation of osteophytes. These osteophytes can result in joint 

pain and when they occur at the tide-mark they contribute to the thinning of the articular 

cartilage (Goldring, 2009). However, while osteophytes are implicated as negative 

outcomes of OA, it is suspected that the formation is an adaptive response to mechanical 

load that positively contributes to joint function and stability (Goldring, 2009).  

2.1.5 The Role of Muscle 

Periarticular muscle is an essential component to joint motion and force 

distribution. As opposed to passive joint stabilizers such as ligaments and joint capsule, 

muscles function as dynamic stabilizers with contributions to proprioception as well as 

playing a large role in shock absorption (Hurley, 1999). While muscle contraction is 

necessary to accelerate joint motion, most of the muscle activity generated during 

dynamic movement functions to decelerate joint motion by absorbing energy (Hill, 

1960). As a muscle is stretched during joint motion energy is stored in the tissue, either to 

be stored temporarily and used for elastic recoil or to be dissipated as heat energy (Hill, 

1960; Lindstedt et al., 2001). These capabilities allow periarticular muscles to act as 

springs and/or shock absorbers (Lindstedt et al., 2001). However, when a muscle is 

weakened, either by atrophy of neurological inhibition (i.e. pain), its capacity for force 

attenuation is diminished. For patients with knee OA, quadriceps weakness is a common 

finding, with relative strength scores that are 20-40% weaker than those of healthy 

controls (Bennell, Hunt, Wrigley, Lim, & Hinman, 2008). Therefore, for these patients 
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the ability to provide active stability to the knee joint is diminished, placing a greater 

demand on the passive stabilizers to maintain joint function. 

2.1.6 Osteoarthritis of the Tibio-femoral Joint 

Knee OA occurs when there is a loss of equilibrium between the breakdown and 

repair of synovial joint tissues (Hunter et al., 2008). This loss of equilibrium can be the 

result of a number of systemic and/or mechanical risk factors (Zhang & Jordan, 2008) 

and can occur in any of the synovial joint tissues. The end result is an increase in intra-

articular stress, either from an increase or abnormality in joint loading and/or a decrease 

in the load-bearing area of the joint surface (Brandt et al., 2008). While each tissue type 

in the joint provides a unique contribution to joint function, it is important to understand 

the interrelationship between these tissues as a whole complex rather than an isolated 

entity (Welsh, 1980).  

2.2 Diagnosis of Knee OA 

2.2.1 Primary and Secondary OA 

In the past, OA has been classified based on the underlying cause as either 

primary or secondary OA. Primary OA describes the development of OA without any 

obvious predisposing cause, whereas secondary OA is a result of a predisposing 

condition, such as traumatic injury (Nuki, 1999). However, with an increased 

understanding of the potential risk factors for the development of OA, such as genetic 
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predisposition, congenital or developmental joint abnormality, age, and obesity, the 

concept of idiopathic development of OA is less applicable and the distinction between 

primary and secondary OA is less meaningful (Brandt et al., 2008).  

2.2.2 Classification of OA Diagnosis 

The criteria for diagnosing knee OA vary depending upon the classification 

system used. Radiographic OA is diagnosed based on the use of x-rays to determine the 

presence of structural changes such as joint space narrowing, osteophyte formation, cysts, 

sclerosis, and joint deformity and is commonly used for patient inclusion in 

epidemiological studies (Zhang & Jordan, 2008). Symptomatic OA is diagnosed based on 

the presence of symptoms affecting joint function, such as pain, stiffness, reduced 

movement, swelling, and crepitus and is commonly used in clinical settings (Hunter & 

Lo, 2008; Zhang & Jordan, 2008). The correlation between the structural changes 

evaluated in radiographic OA and the functional changes evaluated in symptomatic knee 

OA is unclear and believed to be fairly modest (Neogi et al 2009), indicating that factors 

other than radiographic changes influence joint symptoms. It is important to note the 

differences between these classification systems, because each set of criteria may yield 

different subject groups diagnosed with OA (Zhang & Jordan, 2008). 

2.2.3 Radiographic OA 

While there are multiple grading scales for determining the presence and severity 

of radiographic OA, the Empire Rheumatism Council scale by Kellgren and Lawrence is 



13 
 

the most commonly used (Arden & Nevitt, 2006; Kellgren & Lawrence, 1957; Zhang & 

Jordan, 2008). Disease severity is scored on a scale from 0 to 4, with 0 indicating no 

signs of OA and 4 indicating severe OA, based upon the presence of osteophytes, joint 

space narrowing, cysts, and sclerosis (Arden & Nevitt, 2006; Kellgren & Lawrence, 

1957; Zhang & Jordan, 2008). This scale has been found to be reliable and valid for the 

detection of OA (Arden & Nevitt, 2006; Kijowski, et al., 2006). However, the limitation 

of classifying OA by structural changes alone is the potential absence of clinical 

relevance, given that not all patients with radiographic OA have symptoms (Zhang & 

Jordan, 2008). It can be argued that the real problem is symptomatic OA, not OA in 

general (Brandt et al., 2008). 

2.2.4 Symptomatic OA 

The most common symptoms that suggest the presence of OA are pain, stiffness, 

decreased range of motion, crepitus, swelling, and joint instability (Arden & Nevitt, 

2006; Hunter & Lo, 2008; Hunter et al., 2008; Jinks, Jordan, & Croft, 2007). Symptoms 

of knee OA are often exacerbated by weight-bearing activity and relieved by rest, but in 

more severe stages can result in pain at rest as well (Hunter & Lo, 2008). The onset and 

severity of these symptoms is closely linked with declines in physical function and 

subsequently loss of functional autonomy (Jinks et al., 2007). As patients become more 

sedentary, either due to avoidance of painful activity and/or inability to engage in 

physical activity, physical de-conditioning can develop and result in disuse atrophy of the 

musculoskeletal system and a potential increase in body weight. As the muscles weaken 

they are less capable of attenuating joint loads, which increase proportionately with body 
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weight. Increased joint forces can potentially accelerate disease progression and/or 

worsen symptoms, resulting in a continuous cycle of worsening symptoms and functional 

loss (Hurley, 1999).  

The source of painful joint symptoms is not well understood. While the role of 

cartilage in OA has been studied in detail, it is important to note that cartilage is aneural 

and therefore unlikely to be a source of pain. Other structures that contain nerve endings, 

such as bone, synovial membrane, and joint capsule are more likely to be the source of 

joint pain secondary to conditions such as bone marrow lesions and/or synovitis (Hunter 

et al., 2008). However, such structural changes would not be detectable using 

radiographs, but could be monitored using magnetic resonance imaging (MRI) (Guermazi 

et al., 2008). Using MRI, Felson et al. monitored patients at risk for knee OA and found a 

strong association between the development of bone marrow lesions and knee pain 

(Felson et al. 2007). When participants with the same severity of radiographic OA were 

compared using MRI, moderate and large effusions and synovial thickening were more 

common in the participants that had knee pain (Hill et al., 2001). Furthermore, in a 

longitudinal study by Hill et al., an increase in synovitis was associated with an increase 

in knee pain but not a decrease in cartilage (Hill et al., 2007). Similarly, Bhattacharyya et 

al. used MRI to determine the association between meniscal tears and joint symptoms but 

found that there was no significant difference in pain and function between patients with 

and without a meniscal lesion (Bhattacharyya et al., 2003). Therefore, the poor 

correlation between radiographic and symptomatic OA may be a result of the inability of 

x-ray imaging to detect structural changes such as bone marrow lesions, effusions, 

synovial thickening, or synovitis, which all show a relationship with knee pain.  
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The cause of the poor correlation between radiographic and symptomatic OA may 

also be influenced by individual differences in the method that each patient experiences 

and quantifies pain. There are multiple factors that interact and contribute to the 

experience of pain, including previous experience, patient expectations (i.e. placebo 

effect), sociocultural environment, etc. (Hunter & Lo, 2008; Neogi et al., 2009). These 

are factors unique to the individual that are typically not controlled for in studies 

examining the relationship between radiographic and symptomatic OA. However, when 

comparing both knees of a patient to each other this issue of individual differences can be 

avoided. One such study by Neogi et al. compared the radiographic and symptomatic 

findings between the knees of patients with unilateral knee pain (i.e. pain in one knee but 

not the other). They found a strong association between the severity of radiographic knee 

OA and pain, even in mild stages and determined that joint space narrowing had a 

stronger association with symptoms than osteophyte formation (Neogi et al, 2009).  

2.2.5 Diagnosis of OA 

Each system for classifying OA has its limitations, but there is potential for them 

to be used in combination as tools for the diagnosis of OA. The American College of 

Rehumatology (ACR) has developed criteria for diagnosing OA that incorporate both 

radiographic and symptomatic findings. These criteria include joint pain, the radiographic 

presence of osteophytes, and a minimum of one of the following: Age older than 50 

years; Crepitus; Stiffness lasting >30 minutes (Altman et al., 1990; Altman et al., 1991). 

These criteria have a sensitivity of 91% and a specificity of 86% for the classification of 
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knee OA (Hunter & Lo, 2008). These guidelines outlined by the ACR have since become 

the most widely used for the diagnosis of OA (Arden & Nevitt, 2006). 

 

2.3 Risk Factors for Knee OA 

The etiology of OA is related to multiple risk factors, both systemic and 

mechanical (Arden & Nevitt, 2006; Zhang & Jordan, 2008). Systemic risk factors result 

in an increased susceptibility of the joint to degeneration and include age, sex, and 

genetics (Arden & Nevitt, 2006; Zhang & Jordan, 2008). Mechanical risk factors are 

considered more ‘wear and tear’ variables that affect the loading of the joint, such as 

previous joint injury/surgery, leg mal-alignment, muscle weakness, and obesity (Arden & 

Nevitt, 2006; Reijman et al., 2007; Zhang & Jordan, 2008). When determining the cause 

of OA, it is important to consider the interaction between systemic and mechanical 

factors and the individual and complimentary roles that they play in the development of 

joint dysfunction (Zhang & Jordan, 2008). 

 2.3.1 Systemic Risk Factors 

The prevalence of OA increases significantly with age, and is considered one of 

the strongest risk factors for OA (Arden & Nevitt, 2006; Zhang & Jordan, 2008). This is 

likely a result of cumulative exposure to the risk factors of OA, which over time have an 

additive effect on the probability of OA development (Zhang & Jordan, 2008). 

Additionally, the structural integrity and healing capacity of the joint tissues decrease 
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with age, resulting in a joint that is more vulnerable to dysfunction. For example, a 

reduced response to growth factors and loss of chondrocytes with age impairs the 

reparative capacity and resilience of articular cartilage (Arden & Nevitt, 2006).     

Sex is also a determining factor in the development of OA, with females having a 

greater risk of developing knee OA and a greater likelihood of severe knee OA. These 

risks were found to be even higher in post-menopausal women. While the mechanism is 

not fully understood, changes in estrogen levels after menopause are theorized to be a 

contributing factor (Srikanth et al., 2005). Current findings demonstrate that estrogen 

supplementation may have a mild protective effect for the development of radiographic 

OA but not symptomatic OA (Blagojevic, Jinks, Jeffery, & Jordan, 2010; Zhang & 

Jordan, 2008). 

The risk for developing OA appears to be inherited. While the heritable risk can 

range from 50-65%, it is variable between different joint sites, with the largest risks being 

associated with hip and hand OA (Zhang & Jordan, 2008). Multiple OA susceptibility 

genes have been identified that could be responsible for both the development and 

progression of OA (Bos, Slagboom, & Meulenbelt, 2008). Additionally, the contributing 

role of ethnicity has been demonstrated in African American patients, who have more 

severe radiographic features of OA as well as higher levels of pain and functional 

impairment (Felson, 2004; Sims, et al., 2009).   
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2.3.2 Mechanical Risk Factors 

2.3.2.i. Previous Joint Injury/Surgery 

 Since OA is a result of the structural and functional failure of a synovial joint 

(Hunter et al., 2008) it would be intuitive to expect that direct structural damage to the 

joint tissue(s) via traumatic injury would contribute to overall joint dysfunction and OA 

development. Indeed, previous traumatic injury to the knee such as ligament and 

meniscal tearing, fracture, or dislocation result in a very high risk in developing knee OA 

(Arden & Nevitt, 2006; Felson, 2004). In a recent meta-analysis by Blagojevic et al. 16 

studies were reviewed that investigated the role of previous knee injury in developing 

knee OA, with 14 concluding that it was an important risk factor (Blagojevic et al., 

2010). The development of OA post-injury can either be a primary causative factor from 

direct destruction of the joint surface, or a secondary factor by disrupting joint mechanics 

and/or load distribution (Arden & Nevitt, 2006; Sharma, Kapoor, & Issa, 2006).  

 Even when the damaged structures are repaired surgically, the risk of developing 

OA post-injury remains elevated. Neither surgical repair of ACL injuries nor the partial 

removal of torn meniscus has a notable effect on the odds of developing OA (Englund, 

2009; Lohmander et al., 2007). With or without surgery, an average of 50% of 

individuals will develop symptomatic OA within 10-20 years post-injury (Lohmander et 

al., 2007). Depending on the age of the patient when the injury occurs, traumatic injury 

can result in early onset OA (i.e. between 30-50 years old) compared to the average age 

of patients with OA (57 years old) (Lohmander et al, 2007; Gelber et al., 2000).  
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 However, not all patients will develop post-traumatic OA. Multiple factors will 

determine the subsequent risk of OA, including joint alignment, muscle strength, and 

BMI level (i.e. obesity) (Felson, 2004; Lohmander et al., 2007). 

2.3.2.ii. Joint Alignment  

The alignment of the knee joint is a representation of the angle created between 

the midpoints of the hip, knee, and ankle and is a key factor for load distribution at the 

knee (Sharma et al., 2001; Zhang & Jordan, 2008). Knee joint alignment is classified as 

either neutral, varus (bow-legged), or valgus (knock-kneed). A neutral knee is considered 

normally aligned, while varus and valgus knees are considered mal-aligned (Sharma et 

al., 2006). Joint alignment will determine the load bearing axis, which is visualized by 

drawing a line from the midpoint of the femoral head to the midpoint of the ankle. When 

this line does not pass through the joint a moment arm is created, which increases the 

load on an individual compartment. In valgus knees this line is positioned lateral to the 

joint, increasing the load in the lateral compartment and in varus knees the line is medial 

to the joint, increasing the medial compartment load (Sharma et al., 2001).  In a neutral 

knee, joint loads are distributed more medially, with 60-70% transmitted through the 

medial compartment (Arden & Nevitt, 2006). Therefore, a varus knee would transmit 

joint loads to the medial compartment that exceed 70% of the overall joint load, placing 

greater strain on the joint tissues of the medial compartment. The presence of mal-

alignment has been shown to be strongly associated with the development and 

progression of OA in the joint compartment that is subject to increased compressive 

stress (Arden & Nevitt, 2006; Niu et al., 2009; Sharma et al., 2006; Zhang & Jordan, 
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2008). Varus mal-alignment results in a four-fold increase in the risk of OA progression 

in the medial compartment, and valgus mal-alignment represents nearly a five-fold risk 

increase in the lateral compartment (Sharma et al., 2001). 

2.3.2.iii. Muscle Weakness and Activation Patterns 

Muscle weakness is considered to be a well-accepted impairment in patients with 

knee OA (Bennell et al., 2008) and is one of the earliest and most common symptoms 

reported by patients with knee OA (Hurley, 1999). Additionally, muscle weakness, 

specifically in the quadriceps muscle group, has been shown to be a better predictor of 

functional impairment and joint pain than radiographic changes (Hurley, 1999). The 

relationship between muscle weakness and knee OA is complex and not entirely 

understood. One theory is that the development of muscle weakness is secondary to 

avoidance of painful activities, resulting in disuse atrophy (Hurley, 1999; Zhang & 

Jordan, 2008). However, multiple studies have noted quadriceps weakness in patients 

with asymptomatic knee OA compared to healthy controls, indicating that muscle 

weakness can be a risk factor for the onset of knee pain as opposed to a consequence of it 

(Slemenda et al., 1997; Slemenda et al., 1998; Zhang & Jordan, 2008). This risk factor is 

especially important in older adults, due to the onset of age-related strength losses and 

decreases in muscle function (Hurley, 1999). 

Muscle weakness can significantly affect knee joint function by decreasing the 

proportion of joint loads attenuated by periarticular muscles, resulting in an increase in 

forces transmitted to passive knee structures. During ambulation the quadriceps muscle 
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contracts eccentrically to minimize impact forces at heel strike. Since quadriceps muscle 

weakness is common in knee OA patients, impact forces during ambulation are higher for 

these individuals (Brandt et al., 2008). Periarticular muscles also play a role in reducing 

compressive forces in the medial compartment of the knee created by external knee 

adduction moments (Shelburne, Torry & Pandy, 2006). External adduction moments 

occur when ground reaction forces pass medial to the joint center and a moment arm is 

created. External adduction moments are suspected to play a contributing role in the 

onset, severity, and progression of knee OA (Bennell et al., 2008). The primary muscles 

responsible for reducing adduction moments are the quadriceps and the gastrocnemius, 

which work in conjunction with the ligaments of the posterior lateral corner of the knee 

(Shelburne et al., 2006). Therefore, patients with quadriceps weakness have diminished 

ability to decelerate the leg and reduce adduction moments, potentially resulting in large 

impulse forces transferred to the knee with a higher proportion of these forces transferred 

to the medial compartment.   

2.3.2.iv. Obesity 

Of all of the risk factors for knee OA, obesity has the strongest link to the 

development and progression of knee OA (Arden & Nevitt, 2006). Multiple studies have 

demonstrated that obesity precedes the development of knee OA and influences disease 

onset (Arden & Nevitt, 2006; Blagojevic et al., 2010; Felson, 1996; Sharma et al., 2006; 

Zhang & Jordan, 2008). Being obese quadruples the risk of developing knee OA for both 

genders (Felson, 1996). Additionally, following the onset of OA, obesity has been shown 

to promote disease progression such as joint space narrowing and osteophyte formation, 
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as well as increasing the risk of developing OA in the contralateral knee (Arden & Nevitt, 

2006; Segal, Yack, & Khole, 2009). For patients with radiographic OA, obesity also 

increases the likelihood of developing symptomatic OA (Rogers & Wilder, 2008). There 

is evidence to suggest that these risks are even higher in women, with the odds of knee 

replacement in obese women elevated to 6.4–10.5 times that of women with a BMI <25 

kg/m2 (Jordan et al., 2000; Segal, Yack, & Khole, 2009). The distribution of body weight 

does not seem to influence the risks related to obesity. Lohmander, de Verdier, Rollof, 

Nilsson, and Engstrom (2009) compared the relative risks of BMI, waist circumference, 

waist–hip ratio (WHR), weight, and percentage of body fat (BF%) for the development of 

severe OA and found that while all measures were associated with OA development, the 

strongest association was found with BMI. Similarly, Segal, Yack, and Khole (2009) 

found that excess weight, regardless of fat distribution (i.e. thigh or abdomen), increases 

the external knee adduction moment and medial compartment loading which is associated 

with the development of knee OA. 

2.3.2.v. Occupation and Recreational Activities 

 Individuals who engage in an occupation that requires repetitive joint loading are 

at an increased risk for the development of OA (Zhang & Jordan, 2008). For jobs that 

require repetitive kneeling and/or squatting there is an increased risk of knee OA, and 

when combined with carrying loads this risk is more than double compared to 

occupations that do not require these activities (Bosomworth, 2009; Zhang & Jordan, 

2008). Furthermore, these risks increase for overweight individuals (Zhang & Jordan, 

2008). The role of exercise and recreational activities as risk factors for knee OA is still 



23 
 

unclear, however current findings indicate that moderate exercise levels, especially for 

running activities, do not accelerate knee OA development (Bosomworth, 2009). 

However, participation in elite level activities such as wrestling and soccer that apply 

high-impact forces and torsional joint loads results an increased risk of knee OA, with 

higher risks in individuals who sustain traumatic joint injuries (Arden & Nevitt, 2006; 

Bosomworth, 2009; Zhang & Jordan, 2008). However, according to a meta-analysis by 

Bosomworth, the increased risk of knee OA in elite athletes does not lead to an increased 

risk of functional limitation secondary to OA (Bosomworth, 2009).        

2.4 Treatment of Knee OA 

 Due to the absence of a known cure for knee OA, treatment strategies are focused 

on the management of symptoms in an effort to improve functional capacity of the joint 

(Gross & Hillstrom, 2008; Hunter & Lo, 2008). The existing guidelines for the 

management of knee OA from the American College of Rheumatology (ACR), the 

European League Against Rheumatism (EULAR) and Osteoarthritis Research Society 

International (OARSI) all recommend the combined use of pharmacologic and 

nonpharmacologic treatment modalities (Altman et al., 2000; Jordan et al., 2003; Zhang 

et al., 2008).  



24 
 

2.4.1. Pharmacologic Treatments 

2.4.1.i. Acetaminophen and Non-Steroidal Anti-Inflammatory Drugs ( NSAIDs) 

 When initiating pharmacologic therapy for symptom management, acetaminophen 

has been recommended by ACR, OARSI, and EULAR for mild to moderate knee 

osteoarthritis. Acetaminophen is more cost effective and less toxic than NSAIDs and is 

effective for relieving symptoms for some patients (Altman et al., 2000; Jordan et al., 

2003; Zhang et al., 2008). A meta-analysis by Zhang et al. found that the safety profile of 

acetaminophen was similar to placebo (Zhang, Jones, & Doherty, 2004). If 

acetaminophen proves to be ineffective for the patient, NSAIDs are commonly chosen as 

the alternative (Jordan et al., 2000; Jordan et al., 2003). 

 The most frequent users of NSAIDs are patients with arthritis (Health Canada, 

2003). There are two categories of NSAIDs, conventional and COX-2 inhibitors. Both 

are designed to reduce pain and inflammation caused by arthritis, but COX-2 inhibitors 

are 50% less likely to cause upper gastrointestinal (GI) complications (Health Canada, 

2003; Haq, Murphy, & Dacre, 2003). However, the use of COX-2 inhibitors may increase 

the risk of cardiovascular incidents, especially at high doses (Mukherjee, Nissen, & 

Topol, 2001; Ray et al., 2002). NSAIDs have a high rate of adverse effects and result in 

16,500 deaths and 103,000 hospitalizations per year in the United States alone (Gross & 

Hillstrom, 2008). The potential side effects from NSAID use, in addition to upper GI 

damage and heart failure, include renal and liver damage, and reproductive complications 

(Health Canada, 2003). The use of NSAIDs for relieving symptoms from OA has been 
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shown to result in approximately a 30% reduction in pain and 15% improvement in 

function (Haq et al., 2003).  

 It is clear that there are drawbacks to the use of either acetaminophen or NSAIDs. 

Acetaminophen has a lower risk of side effects but is less effective for reducing 

symptoms, and NSAIDs are more effective but have a higher risk of side effects. These 

limitations are reflected in a study by Williams et al. which compared the use of 

acetaminophen and NSAIDs in a double-blind, randomized controlled trial over two 

years. The authors found that subjects in the acetaminophen group withdrew from the 

study more frequently than the NSAID group because of lack of treatment efficacy, and 

subjects in the NSAID group withdrew more frequently than the acetaminophen group 

because of adverse drug effects. The authors concluded that the limitations of each drug, 

reflected in the withdrawal rate, suggested that neither drug was a satisfactory treatment 

for knee OA (Williams et al., 1993). 

 2.3.1.ii Hyaluronic Acid (HA) 

HA is a compound naturally found in synovial joint fluid that contributes to joint 

lubrication, shock absorption, and protection of articular cartilage (Bannuru et al., 2009). 

Recently, HA has been used as a treatment for knee OA via an intra-articular injection. 

Current evidence supports the use of HA for reducing pain and improving function in 

patients with knee OA. However, HA has not demonstrated any role in disease 

modification in the affected joint. Additionally, the effectiveness of HA is limited to 
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roughly six months, making it a costly source of limited symptomatic relief (Jordan et al., 

2003; Bannaru et al., 2009). 

 2.3.1.iii Glucosamine and Chondroitin Sulphate 

 Glucosamine sulphate and chondroitin sulphate are both constituents of articular 

cartilage proteogylcans. Both can be purchased as an over the counter supplement and are 

marketed as a therapy for OA (Chard & Dieppe, 2001; Zhang et al., 2008). 

Supplementation of these compounds is believed to alter chondrocyte metabolism, which 

can in turn improve the health of atricular cartilage (Chard & Dieppe, 2001). The clinical 

findings for the efficacy of these supplements remain controversial, with six of the ten 

existing guidelines for the management of knee or hip OA recommending glucosamine 

sulphate, and only two recommending chondroitin sulphate (Zhang et al., 2008). Recently 

the use of chondroitin sulphate has been criticized in a meta-analysis by Reichenbach et 

al. who reviewed multiple large-scale randomized controlled trials and found a minimal 

or non-existent symptomatic benefit and concluded that the clinical use of chondroitin 

should be discouraged (Reichenbach et al., 2007). However, due to the lack of any known 

serious adverse effects, trial use of glucosamine and/or chondroitin sulphate has been 

recommended for the treatment of knee OA symptoms (Zhang et al., 2008).  

 2.4.1.iv. Limitations of Pharmacologic Treatment of Knee OA 

 The primary goal of pharmacological therapy for knee OA is pain management, 

and there are multiple modalities available that have demonstrated success in achieving 
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this goal. However, by targeting pain, pharmacological therapies only address the 

symptoms of the disease, as opposed to the risk factors for disease progression, such as 

leg mal-alignment, muscle weakness, and obesity (Reijman et al., 2007; Zhang & Jordan, 

2008). Knee OA patients who are using pharmacological treatments are placed at risk for 

negative side effects (i.e. upper GI damage and heart failure) from a therapy that only 

masks their symptoms. Furthermore, these therapies override the protective function of 

joint pain to reduce loading of the diseased joint. Studies by Schnitzer et al. (1993) and 

Shrader et al. (2004) have found that patients who experience decreased pain from the 

use of NSAIDs and analgesics demonstrate increased loading of the knee joint during 

gait, resulting in an increase in the compressive forces that result in joint degeneration. 

Given the high risk of complications, the limited ability of pharmacological treatments to 

manage OA symptoms, and the failure to address risk factors for disease progression, it is 

understandable why all international recommendations emphasize non-pharmacological 

modalities as the preferred treatment strategy for OA (Jenkinson et al., 2009).  

2.4.2 Unloader Bracing 

The use of unloader bracing for patients with knee OA aims to reduce 

compressive loads on a single joint compartment, typically in the medial compartment. 

Unloader braces are designed to provide a corrective force for a mal-aligned tibio-

femoral joint, creating a valgus force for a varus aligned knee or a varus force for a 

valgus aligned knee. This corrective force is achieved via an external, three-point bending 

force (Ramsey, Briem, Axe, & Snyder-Mackler, 2007). The use of unloader bracing for 

varus aligned knees in randomized trials has demonstrated a 50% reduction in pain and 
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functional impairment (Hunter & Lo, 2008). The use of unloader bracing has been shown 

to increase walking capacity (i.e. duration and distance) in patients wearing unloader 

braces have been shown to increase compared to non-braced controls (Gross & Hillstrom, 

2008; Kirkley et al., 1999). Additionally, the benefits of unloader bracing appear to 

exceed the use of neoprene sleeves, and custom fit braces provide additional 

improvement in pain and function compared to off-the-shelf versions (Kirkley et al., 

1999; Draganich et al., 2006). BMI does not appear to affect brace effectiveness, with 

multiple studies reporting improvements in pain and function for obese participants 

(Draganich et al., 2006; Ramsey et al., 2007). It is important to note that the use of 

unloader bracing for re-alignment therapy is limited to unicompartmental knee OA, and 

by shifting joint loads laterally from the medial compartment, these braces may place 

added loads on the lateral compartment (Gross & Hillstrom, 2008). However, while the 

benefits of unloader bracing are believed to result from improved joint alignment, 

findings from Ramsey et al. (2007) suggest that bracing in neutral alignment can reduce 

pain, functional impairment, and medial compartment compression as well as or better 

than in valgus alignment. The authors suggested that symptomatic relief occurred as a 

result of reduced muscle cocontractions as opposed to medial compartment unloading. 

Based on these findings it is possible that neutral bracing may provide symptomatic 

benefits for patients with OA in multiple joint compartments without placing additional 

loads on a single compartment. 

While unloader bracing can be effective in reducing pain and improving function, 

these benefits are limited to when the patient is wearing the brace. With discontinued use, 

patients rapidly return to a state of joint instability and functional impairment (Ramsey et 
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al., 2007). Additionally, continued use can result in skin irritations and frustration in 

older adults who struggle with proper strapping technique and bulkiness of the brace 

(Gross & Hillstrom, 2008). Furthermore, patients with limited range of motion, cognitive 

deficits, or limited hand strength may find it challenging to properly secure the brace to 

the limb in order to receive any therapeutic benefit.  

2.4.3. Weight Loss     

Obesity is the strongest risk factor for the onset of knee OA (Arden & Nevitt, 

2006; Blagojevic et al., 2010; Jordan et al., 2000; Sharma et al., 2006; Zhang & Jordan, 

2008). Following the onset of OA, obesity accelerates disease progression (i.e. joint space 

narrowing and osteophyte formation), and increases the risk of developing OA in the 

contralateral knee (Arden & Nevitt, 2006; Jordan et al., 2000). BMI is an effective tool 

for identifying at-risk obese patients. When compared to waist circumference, waist–hip 

ratio (WHR), weight, and percentage of body fat (BF%), BMI has the strongest relative 

risk for the development of severe OA (Lohmander et al., 2009). Obesity is an 

increasingly important risk factor for older adults, with the incidence of obesity 

increasing 70% in the last 20 years in the 65-74 years age group (Miller, et al., 2006). 

If high body weight (obesity) results in an increased risk in the onset and 

progression of knee OA, then decreasing body weight may have preventative effects. 

Results from the Framingham Study found that for women a decrease in BMI by 2 points 

or more (~5.1 kg) reduced the risk of developing symptomatic OA by 50%. Additionally, 

based on a case-controlled study of individuals on a waiting list for knee surgery, Coggon 
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et al. (2001) concluded that 24% of surgical cases of knee OA could be avoided if all 

overweight (BMI 25-29.9 kg/m2) and obese people reduced their weight by 5 kg or until 

their BMI was within a normal range (18.5–24.9 kg/m2) (Coggon et al, 2001; Pi-Sunyer 

et al., 1998). Following the onset of knee OA, weight loss has the potential to play a 

beneficial role. Weight loss has been shown to decrease joints loads in patients with OA, 

with each pound of weight loss resulting in a four pound decrease in knee joint loads 

during walking exercises (Messier et al., 2005). Weight loss interventions have 

demonstrated improvements in function and decreases in pain in patients with 

symptomatic knee OA (Christensen et al., 2005; Messier et al., 2004). Results from the 

Arthritis, Diet, and Activity Promotion Trial demonstrated that weight loss combined 

with moderate exercise was more effective in improving pain and function in obese older 

adults than either weight loss or exercise alone (Messier et al., 2004). Furthermore, a 

meta-analysis by Christensen et al. concluded that a 5% reduction in body weight over a 

20-week period can result in significant improvements in functional abilities for obese 

patients with knee OA (Christensen et al., 2007). Subsequently, the ACR, EULAR, and 

OARSI all recommend weight loss as treatment strategies for obese patients with knee 

OA (Messier et al., 2005; Zhang et al., 2008). 

While weight loss can have a significant effect on knee OA, reducing body weight 

in obese older adults with OA is challenging. To date, low calorie diets have been the 

most common intervention for achieving weight loss and often use meal replacement 

formulas to restrict caloric intake (Christensen et al., 2005; Miller et al., 2006). The intent 

of low calorie diets is to reduce body weight through the loss of fat mass, however fat-

free mass (i.e. muscle) is also lost. For older adults who are already at risk for disability 
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due to the combination of sarcopenia (age-related muscle loss) and obesity, further loss of 

appendicular skeletal muscle is a concern (Miller et al., 2006). However, Miller et al. 

found that after a 6-month intervention of diet and exercise in obese adults over age 60, 

physical function was significantly improved despite losses of fat free muscle mass. 

However, since the dietary intervention was combined with an exercise intervention, it is 

difficult to determine if weight loss alone would have similar functional improvements. It 

is also important to note that simply prescribing a low calorie diet is not sufficient to 

achieve favorable outcomes. Regular supervision from a dietician is essential to assess 

individual dietary needs and promote adherence (Christensen et al., 2005; Jenkinson et 

al., 2009; Miller et al., 2006). Furthermore, follow-up programs are necessary to stabilize 

body weight and maintain weight loss (Christensen et al., 2005). However, for 

participants that are able to complete a diet-induced weight loss trial, evidence from 

previous studies indicate that long-term weight loss can be achieved. In a meta-analysis 

by Franz et al. (2007), 80 studies were reviewed that used meal-planning strategies for 

weight loss with a minimum one year follow-up. The authors concluded that an average 

of 4.5-7.5 kg weight loss was consistently maintained at 24, 36, and 48 months following 

a diet intervention, with none of the groups returning to baseline weight levels.   

2.4.4 Exercise  

 Knee OA is the most common cause of mobility dependency and represents a risk 

of disability equivalent to cardiac disease and greater than any other medical condition 

(Hunter & Lo, 2008; Jordan et al., 2003). As functional impairment worsens, knee OA 

patients become increasingly inactive, resulting in a decline in aerobic fitness and an 
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increased risk for obesity, cardiovascular disease, and other co-morbidities. Furthermore, 

the consequences of inactivity such as muscle de-conditioning and inadequate joint 

motion may increase the severity of the signs and symptoms of knee OA (Jordan et al., 

2000). As a result, maintaining regular joint mobility via strengthening and aerobic 

exercise has been included as an essential recommendation in most published guidelines 

(Zhang et al., 2008). 

2.4.4.i. Strength Training 

 Muscle weakness is one of the earliest and most common symptoms reported by 

patients with knee OA (Hurley, 1999). Additionally, muscle weakness, specifically in the 

quadriceps muscle groups, has been shown to be a better predictor of functional 

impairment and joint pain than radiographic changes (Hurley, 1999). However, when 

treating muscle weakness in knee OA patients, it is important to determine whether the 

weakness is a result of disuse atrophy, muscle inhibition due to pain, or both. For cases of 

disuse atrophy, direct strengthening can be an effective approach. For weakness due to 

muscle inhibition, the removal of the inhibitory sources is required for improving muscle 

strength (Bennell et al., 2008). The prescription of muscle strengthening exercises may 

not be appropriate for all knee OA patients. If the affected joint has a structural mal-

alignment or excessive laxity then an increase in quadriceps muscle strength may have 

harmful effects and contribute to further progression of knee OA (Sharma et al., 2003). 

There are multiple types of exercises to consider when recommending strengthening 

exercises to knee OA patients, including isometric, isotonic, and isokinetic training. 

However, there is currently no evidence that the type of training has a significant impact 



33 
 

on program efficacy (Pelland et al., 2004). Therefore, the physician or therapist can 

choose the most appropriate type of training for the patient (i.e. isometric, isotonic, or 

isokinetic) and expect positive outcomes.  

2.4.4.ii. Walking 

Walking is the most common form of physical activity in adults, therefore exercise 

interventions using walking programs are highly applicable to adult populations 

(Rafferty, Reeves, McGee, & Pivarnik, 2002). Short-term walking programs ranging 

from 8-12 weeks have demonstrated a significant beneficial effect for knee OA patients, 

including reduced pain, improved function and walking mechanics, increased quality of 

life, and a decreased reliance on analgesic medication (Evcik & Sonel, 2002; Kovar et al., 

1992; Messier et al., 1997; Talbot, Gaines, Huynh, & Metter, 2003). Furthermore, long-

term walking programs also demonstrate a beneficial effect for knee OA patients. The 

Fitness and Arthritis in Seniors Trial (FAST) was an 18-month intervention for 

symptomatic knee OA patients over age 60 involving three months of supervised walking 

sessions and 15 months of home-based sessions. Results from 144 subjects (50% were 

obese) demonstrated a reduction in pain and an improvement in functional performance 

(Ettinger et al., 1997). In addition, a secondary group of 88 asymptomatic subjects (45% 

were obese) with radiographic OA participated in the walking protocol of FAST. For this 

group, participation in the 18-month walking exercise intervention was found to reduce 

the risk of developing functional impairment secondary to radiographic knee OA 

(Penninx et al., 2001). Regular walking exercise programs demonstrate a significant 

benefit to knee OA patients both in the prevention and reduction of knee OA symptoms 



34 
 

and functional impairment. While long-term walking exercise programs appear to have a 

beneficial effect for knee OA patients in general, it is important to note that both studies 

reported some adverse effects from exercise including musculoskeletal injuries and 

worsening of knee OA symptoms (Ettinger et al., 1997; Penninx et al., 2001).     

2.4.4.iii. Walking vs. Strength Training 

Multiple studies have compared the effects of aerobic walking programs to 

strength training as a treatment for knee OA. Both forms of training were found to be 

equally effective for improving function and reducing pain in a wide range of knee OA 

patients (Ettinger et al. 1997; Evcik & Sonel, 2002; Messier et al., 1997; Messier, 2008; 

Pelland et al., 2004; Penninx et al., 2001; Roddy et al., 2005). The beneficial effects of 

exercise interventions on pain and physical function have been demonstrated in both 

short-term and long-term training programs (Messier, 2008). In addition to improving 

pain and function in symptomatic knee OA patients, walking and strength training 

programs have the potential to prevent functional impairment in asymptomatic patients. 

A study by Penninx et al. recruited 250 subjects over 60 years old with radiographically 

confirmed knee OA who did not have any disability with activities of daily living (ADL) 

and randomized them into three groups: strength training, aerobic walking program, or 

control. Over an 18-month follow-up they found that individuals assigned to either 

exercise group had a 43% lower risk of developing functional limitations with ADL 

compared to control (Penninx et al., 2001). 
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 While strength training can be equally effective as aerobic training for improving 

function and reducing pain for knee OA patients, the specificity of walking programs 

may offer more potential benefits. In a study by Messier et al. (1997), 103 adults over 65 

years of age with knee OA were enrolled into an 18-month intervention and randomized 

into a walking program, strengthening program, or health education control. In addition 

to monitoring changes in knee pain, the authors evaluated changes in walking mechanics 

for each group. While both the strength and walking programs resulted in significantly 

less knee pain than the control, the walking group showed the greatest improvements in 

walking mechanics. The authors surmised that this improvement could be attributable to 

some degree to the specificity of the training, suggesting that the most effective method 

for improving walking in knee OA patients is walking programs (Messier et al., 1997). 

Since walking is the most common form of physical activity in adults (Rafferty et al., 

2002), programs aimed at improving walking in knee OA have great potential to improve 

physical activity levels and quality of life (QOL) by facilitating participation in the most 

popular form of physical activity. The results from Messier et al. (1997) provide insight 

into the results in a similar study by Evcik and Sonel (2002), who found equal 

improvements in pain and function for walking and strengthening programs but 

significantly larger improvements in QOL for the walking group. Additionally, according 

to a meta-analysis of 22 randomized controlled trials using strengthening exercises as an 

intervention for knee OA patients, incorporating aerobic exercise into a training program 

can help maximize the beneficial effects of strengthening interventions (Pelland et al., 

2004). 
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2.4.4.iv. Cycling 

 Cycling is a popular low-impact recreational activity in North America, with 49 

million people cycling at least once per month (Breugem et al., 2011). Rehabilitation 

programs using cycling following total hip arthroplasty can be effective in patient 

function and quality of life, however, these beneficial effects have not been observed for 

patients following total knee arthroplasty (Liebs et al., 2010). Additionally, few studies to 

date have evaluated the use of a cycling exercise intervention for knee OA patients prior 

to requiring knee arthroplasty. Mangione et al. compared the effect of ten weeks of either 

high and low-intensity cycling programs on thirty-nine older adults with symptomatic 

knee OA. They found that both groups significantly improved their aerobic fitness and 

functional capacity, and showed a reduction in overall knee pain levels (Mangione et al., 

1999). Additionally, Rawiworrakul et al. found that 12 weeks of bi-weekly cycling 

reduced knee symptoms and improved knee range of motion in 25 Thai women with 

symptomatic knee OA compared to controls (Rawiworrakul et al., 2007). Overall, it 

appears that short-term cycling interventions have the potential to reduce symptoms and 

improve functional capabilities of knee OA patients, however further research is needed.  

2.4.4.v. Aquatic Exercise 

 Aquatic exercise, also known as pool therapy, involves exercises performed in 

water such as aerobic, range of motion, and/or strengthening activities (Bartels et al., 

2007). The buoyant force of water is believed to provide a low-impact environment for 

individuals with lower body injuries, where they can exercise without exacerbating 
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symptoms (Lim, Tchai, & Jang, 2010). This has led to the belief that aquatic exercise 

may be superior to land-based exercises (i.e. walking) for patients with knee OA. 

However, there is a lack of evidence to support this assertion, and the findings of the few 

available studies are inconsistent. In a randomized trial comparing aquatic and land-based 

exercise for knee OA patients, Wyatt et al., found that both groups significantly improved 

in pain, range of motion, and knee function, however there was no difference between the 

two groups (Wyatt, Milam, Manske, & Deere, 2001). Lim et al. reported similar results 

for obese knee OA patients, where both exercise groups significantly improved compared 

to the control group, however the aquatic group showed a greater improvement in knee 

pain than the land-based group (Lim et al., 2010). Conversely, a similar study by Lund et 

al. found that no improvements were seen for the aquatic group, while the land-based 

group showed a slight improvement in knee pain and strength levels. However, the 

authors did note that adverse effects (i.e. pain and/or swelling) were more common in the 

land-based group compared to the aquatic group (Lund et al., 2008). While reported 

findings are inconsistent, there does appear to be a potential benefit to aquatic exercise 

for knee OA patients. A meta-analysis by Bartels et al. of six trials and a total of 800 

participants reported a small-to-moderate effect on function and quality of life, and a 

6.6% reduction in relative pain levels. The authors concluded that while there is a lack of 

high-quality studies evaluating aquatic exercise, there appears to be some short-term 

benefit for patients with knee OA (Bartels et al., 2007).     
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2.4.4.vi. Exercise Concerns 

 There is some concern that exercise may be contra-indicated due to a risk of 

worsening disease symptoms (Lim et al., 2010). However, these concerns are not 

supported by findings in current research on the subject. In a meta-analysis by 

Bosomworth, the author concluded that low to moderate exercise, when applied in a 

progressive manner, showed a demonstrated benefit to patients with knee OA, with no 

indications that exercise interventions increased knee pain or joint dysfunction. 

Furthermore, they concluded that none of the currently used exercise modalities for obese 

subjects demonstrated adverse effects (Bosomworth, 2009). These conclusions are 

supported by another meta-analysis by Bennell and Hinman who concluded that exercise 

is safe for individuals with knee OA, including those with severe OA. In addition, they 

advised that while some individuals may experience discomfort during exercise, they 

should be informed that these symptoms are normal and do not indicate further OA 

progression (Bennell & Hinman, 2011). In order to minimize the risk of adverse 

reactions, relevant risk factors should be considered such as previous injury, joint mal-

alignment, and obesity, and exercise should be appropriately tailored to the individual 

with these factors in mind (Bosomworth, 2009). For individuals with multiple risk 

factors, such as obesity combined with joint mal-alignment, the risks of adverse effects 

may be higher. Therefore, alternative exercise strategies should be considered in order to 

minimize excessive joint stress. 
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2.4.5 Surgery 

 Surgical procedures are considered as a last resort therapy when conservative 

treatment fails to provide pain relief and/or functional improvement (Jordan et al., 2000; 

Zhang et al., 2008). Rather than restoring or healing diseased tissue, surgical techniques 

remove the affected tissues and replace them with prosthetics. Four types of surgical 

procedures are considered for knee OA patients: arthroscopy, osteotomy, arthroplasty, 

and arthrodesis (Jordan et al, 2000). Each successive procedure is increasingly aggressive 

and involves further removal of joint tissues and modification to joint mechanics. 

Arthroscopy is used for the removal of cartilage meniscal fragments or osteophytes that 

are limiting joint mobility (Richmond, 2008). Osteotomy is used for unicompartmental 

OA and involves the removal of a wedge of bone in the affected compartment to shift 

joint stress to the unaffected compartment. This technique is recommended for younger 

and physically active patients, and can last for 10 years before arthroplasty is required 

(Zhang et al., 2008). Arthroplasty (i.e. knee replacement) is the removal of the 

articulating bony surfaces and replacement with artificial components. Arthroplasty can 

reduce pain and restore near-normal function (Jordan et al., 2000; Jordan et al., 2003). If 

high-impact activities are avoided, knee arthroplasty can be expected to last up to 20 

years, but after 10 years failure is three times more likely in adults under 55 as compared 

to adults over 70, likely due to higher demands placed on the joint (Jordan et al., 2000; 

Richmond, 2008). Following the failure of knee arthroplasty, arthrodesis (joint fusion) is 

used as a last resort. Patients who undergo arthrodesis can have a stable, pain-free joint, 

but do experience functional limitations and up to 50% of patients may experience 
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complications such as thrombophlebitis, peroneal nerve palsy, and non-union (Zhang et 

al., 2008).  

 In the U.S.A. over 300,000 knee replacements are performed annually, with the 

frequency expected to increase 525% by 2030. The rise in frequency of knee and hip 

replacement surgery places an enormous economic burden on the health care system and 

the economy, and is expected to reach $62.5 billion annually by 2015 (Gross & 

Hillstrom, 2008; Richmond, 2008). The main reason individuals undergo knee and hip 

replacements is osteoarthritis (Felson, 2004). Therefore, developing therapies for OA that 

reduce the need for surgical intervention has the potential to save the health care system 

billions of dollars. 

2.4.6 Emerging Treatment Strategies 

 An emerging therapy for patients with lower extremity disorders is treadmill 

walking with body weight support. Walking with body weight support enables patients 

who have symptom- limited walking abilities to exercise with reduced body weight and 

joint loads. Weight-supporting treadmill systems have been used for rehabilitation of 

people with neurological disorders such as spinal cord injuries and stroke, as well as 

those with orthopaedic conditions such as lower extremity surgery, intervertebral disc 

herniations, and amputations (Fritz, Erhard, & Vignovic, 1997; Ruckstuhl et al., 2009; 

Thomas, de Vito, & Macaluso, 2007).  

Water immersion treadmills and overhead suspension harness systems are widely 

used weight-supporting systems (Cutuk et al., 2006). However, both systems have 
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distinct disadvantages as rehabilitation tools. Water immersion is not recommended for 

postoperative patients with healing surgical wounds due to the risk of complications such 

as infection or dehiscence, which can delay rehabilitation. Additionally, the fluid drag 

forces experienced by the patient directly oppose underwater movement, resulting in 

altered joint kinematics and kinetics, gait timing, and muscle activity (Cutuk et al., 2006; 

Grabowski, 2010; Macias et al., 2005). The primary disadvantages of harness-based 

treadmill systems are patient discomfort and altered gait mechanics (Eastlack et al., 

2005). The harness system requires the use of multiple straps around the chest, upper 

extremity, hips, and pelvis making it impractical for patients with injuries to these areas. 

As the amount of body weight support increases, the pressure exerted by the straps 

increases, resulting in patient discomfort when supporting larger percentages of body 

weight and a potential risk to blood circulation. Furthermore, the positioning of the 

harness around the hips limits walking stride length and alters hip motion (Eastlack et al., 

2005; Grabowski, 2010; Quigley et al., 2000).  

Upon review of the limitations of the available partial weight bearing modalities, 

Eastlack et al. concluded that none of the current methods are ideally suited for at-risk 

patients who are de-conditioned, elderly, overweight, or obese (Eastlack et al., 2005). The 

limitations of current weight-supporting treadmill systems creates the need for partial 

weight bearing technology that maintains normal gait mechanics without compromising 

patient comfort and is suitable for at-risk patients.  
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2.4.6.i Lower Body Positive Pressure (LBPP) 

An emerging technology called the G-trainer (Alter-G, Menlo Park, CA, USA) 

utilizes a waist-high air chamber that can be inflated to modify body weight while 

walking (Figure 1). The subject wears a pair of neoprene shorts with a kayak-style skirt 

that zips into the air chamber, creating an airtight seal (Figure 2). When the air chamber 

inflates, there is an increase in air pressure around the lower body that lifts the subject 

upwards at the hips (LBPP) (Eastlack et al., 2005; Quigley et al., 2000). The amount of 

LBPP used is highly adjustable, and can accurately provide pressure adjustments as small 

as 1% body weight and as large as 80% body weight (Cutuk et al., 2006). Additionally, 

since the air pressure is applied uniformly over the lower body, it reduces the formation 

of pressure points on the perineum that are common with harness-based systems (Kurz et 

al., 2011; Ruckstuhl et al., 2009). In a direct comparison with a harness-based system for 

three body weight settings (100%, 66%, and 33% body weight), the G-trainer was equally 

effective in providing body weight support and more comfortable than the harness system 

for all 12 subjects, especially as unloading increased (Ruckstuhl et al., 2009). Multiple 

studies examining the effect of LBPP on joint kinematics during walking and running 

have found that muscle activation levels and knee range of motion decrease with 

increasing LBPP, but normal gait and muscle activation patterns are still maintained 

(Grabowski, 2010; Liebenberg et al., 2011; Quigley et al., 2000). Furthermore, LBPP 

treadmill walking has no adverse effects on blood pressure, heart rate, or brain 

oxygenation and blood flow and is considered safe for healthy individuals as well as 

those with cardiovascular co-morbidities (Cutuk et al., 2006; Mangione, Axen, & Haas, 

1996). When compared to other weight-supporting treadmill systems, LBPP treadmills 
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should be considered the preferred choice for walking rehabilitation due to their ability to 

significantly reduce ground reaction forces at the knee without compromising normal 

joint mechanics, muscle activation, cardiovascular function, and/or patient safety and 

comfort. 

There are multiple potential applications of LBPP treadmill technology, and 

clinical testing with patient populations is still in its infancy. To date, walking 

rehabilitation programs using an LBPP treadmill have been effectively used for 

individuals with lower extremity fractures, morbidly obese patients, children with 

cerebral palsy, and for post-surgical rehab of the ACL and Achilles tendon (Eastlack et 

al., 2005; Kurz et al., 2011; Saxena & Granot, 2011; Simonson, Shimon, Long, & Lester, 

2011; Takacs, Leiter, & Peeler, 2011). To our knowledge, only two studies have been 

conducted evaluating the use of body weight supporting treadmills for patients with knee 

OA. Mangione et al. evaluated the effect of body-weight supported walking on knee pain 

in subjects with knee OA using a harness-based treadmill. In the study, 27 subjects with 

knee OA performed a single modified Naughton treadmill test under three different body 

weight conditions (100%, 80%, and 60% body weight). Pain was recorded using a visual 

analog scale (VAS). The authors concluded that un-weighting did not decrease knee pain 

during treadmill walking (Mangione et al., 1996). However, the severity of knee OA was 

not reported, which may affect the variability of pain measurements. Additionally, the 

average BMI of 26.1 kg/m2 indicates that the patient population was in the lower end of 

the overweight category (25.0-29.9 kg/m2). Patients who are obese may show increased 

pain relief in response to bodyweight unloading. Using a G-trainer treadmill Takacs and 

colleagues (2011) evaluated the effect of LBPP on knee pain and tibial acceleration in 
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obese/overweight patients with knee OA. Twenty-two participants walked on the 

treadmill for 25 minutes with and without LBPP support while knee pain and acceleration 

were monitored using VAS and accelerometry. For their study population, an average of 

12.3% LBPP was required to significantly reduce knee pain during walking. The authors 

concluded that LBPP was effective for reducing pain and joint forces in overweight/obese 

patients with mild to moderate knee OA (Takacs, 2011).      

Initial studies have demonstrated a potential benefit of LBPP treadmill walking 

for patients with lower extremity dysfunction. The application of LBPP for knee OA 

patients requires further study in order to determine the potential for providing pain relief 

and use as a treatment intervention modality. 

2.5 Outcome Measures 

 In order to evaluate the efficacy of novel treatment strategies for knee OA, valid 

and reliable outcome measures are needed to provide researchers and clinicians with 

reproducible, comparable and meaningful data. Current research indicates that there are 

multiple available outcome measures appropriate for use with knee OA patients. These 

outcome measures can allow researchers to evaluate important patient outcomes, such as 

perceived dysfunction, knee pain, cardiovascular and muscular fitness, general health, 

and physical activity levels.    
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2.5.1 Knee injury and Osteoarthritis Outcome Score (KOOS)  

 While clinical examination and medical imaging can be used to evaluate joint 

injury and structural deficits, patients are normally most concerned with their perceived 

symptoms and function (Roos, Roos, Lohmander, Ekdahl, & Beynnon, 1998). The Knee 

Injury and Osteoarthritis Outcome Score (KOOS) is a knee-specific questionnaire 

completed by the patient, designed to measure their perceived knee problems over the 

previous seven-day period (Roos et al., 1998; Roos & Lohmander, 2003). The 

questionnaire contains 42 questions assessing five separate categories, including: 

Symptoms (seven questions); Pain (nine questions); Function: Daily Living (ADL) (17 

questions); Function: Sports and Recreational Activities (Sport/Rec) (five questions); and 

Quality of Life (QOL) (4 questions). Each question uses a Likert scale from 0 (no 

problems) to 4 (extreme problems), which is added to calculate a sum score for the entire 

category. Sum scores for each category are transformed to a 0-100 scale, representing a 

percentage of the total possible score achieved, with zero indicating extreme knee 

problems and 100 indicating no knee problems (Roos, et al., 1998). The Western Ontario 

and McMaster Universities Osteoarthrtis Index (WOMAC), which is the most commonly 

used measure of patient evaluated treatment effects for OA (Roos & Toksvig-Larsen, 

2003), is contained within the KOOS questionnaire. The additional subscales “Function: 

Sports and Recreational Activities” and “Quality of Life” make the KOOS more sensitive 

and discriminative towards recreational limitations and the individual’s perception of 

how their knee affects their daily life, and shows improved content validity compared to 

the WOMAC (Roos, Roos, & Lohmander, 1999; Roos & Toksvig-Larsen, 2003). Clinical 

testing indicates that the KOOS is a responsive, valid, and reliable instrument for 
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measuring knee OA disability (Roos et al., 1998; Roos & Toksvig-Larsen, 2003; Roos, 

Roos, & Lohmander, 1999). The KOOS has been used to evaluate the effectiveness of 

multiple treatment interventions, including glucosamine supplements, valgus knee 

bracing, and exercise interventions, and has been used to assess long-term outcomes of 

ACL and meniscus injuries that have received operative and non-operative treatment 

(Braham, Dawson, & Goodman, 2003; Lohmander et al., 2007; Neuman et al., 2008; von 

Porat et al., 2004; Ramsey et al., 2007; Thorstensson, Roos, Petersson, & Ekdahl, 2005). 

Since knee pain and physical function are the most important outcomes regarding knee 

OA, the KOOS questionnaire was used as the primary outcome measure for this study 

because it is valid and reliable for the study population and incorporates the most widely 

used tool for patient reporting of treatment effects.    

2.5.2 Numeric Rating Scale (NRS) 

 Pain is a complex, personal, and subjective experience influenced by multiple 

personal factors. Measuring pain using a rating scale is a simple, minimally-invasive 

method for efficiently evaluating a change in pain (Katz & Melzack, 1999). The NRS is a 

tool designed to measure pain intensity in patient populations, which consists of an 11-

point scale ranging from zero to ten, with zero indicating “No Pain” and ten indicating 

“Worst Possible Pain”. Patients verbally report the number that best describes the 

intensity of their pain (Katz & Melzack, 1999). The NRS is a sensitive, valid, and reliable 

scale appropriate for clinical use that provides data suitable for parametric statistical 

analysis (Williamson & Hoggart, 2004). The NRS shows strong agreement to the 

commonly used visual analog scale (VAS) through correlation and regression analysis 
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(Bijur, Latimer, & Gallagher, 2003; DeLoach, Higgins, Caplan, & Stiff, 1998). In a meta-

analysis by Williamson and Hoggart (2004) comparing the NRS, VAS, and verbal rating 

scale (VRS), they found that patients preferred the sensitivity of the NRS while the VAS 

was considered the most difficult scale to use with the highest failure rate. The authors 

concluded that the NRS was likely more useful than the VAS and VRS for pain 

assessment in both clinical and research settings (Williamson & Hoggart, 2004). 

2.5.3 YMCA Submaximal Cycle Test (YMCA) 

 VO2 max is the maximum amount of oxygen that a person can consume per 

minute at a maximum work rate and is considered the best measure of cardiovascular 

(CV) fitness (Dabney & Butler, 2006). Direct measurement of VO2 max requires 

expiratory gas analysis through spirometry while patients exercise to maximal exertion, 

which may place some older individuals at an unacceptable health risk. Therefore, it can 

be useful to employ procedures to estimate VO2 max from sub-maximal exercise for at-

risk populations (Akalan, Robergs, & Kravitz, 2008; Ritchie, Trost, Brown, & Armit, 

2005). The YMCA sub-maximal cycle test is a three stage test involving workloads of 

increasing intensity, designed to obtain two sub-maximal heart rates for the purpose of 

estimating maximum volume of oxygen uptake (VO2 max) (Kaminsky, 2010). The 

YMCA test appears to effectively predict VO2 max, has been cross-validated with 

another sub-maximal test (Bruce treadmill test), and is reliable for adults 55-70 years old 

(Beekley et al., 2004; Ritchie et al., 2005). Additionally, the YMCA test has been used to 

evaluate the cardiovascular effect of exercise interventions for a variety of patients, 

including primary care patients and men seropositive with the human immunodeficiency 
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virus (HIV) (Grandes et al., 2009; Rigsby, Dishman, Jackson, Maclean, and Raven, 

1992). For this study, the YMCA test was used to measure the effect of a 12-week LBPP 

walking program on CV fitness and the potential effect of a change in CV fitness on 

KOOS scores. 

2.5.4 Isokinetic Strength 

 Isokinetic testing is a commonly used method for evaluating muscular strength in 

clinical research because it provides reliable measurements that can be used to assess 

strength deficits in patient populations (Rothstein, Lamb & Mayhew, 1987). Isokinetic 

strength testing involves the contraction of a muscle or group of muscles against an 

accommodating resistance, designed to result in limb movement at a desired constant 

velocity (Dvir, 2004).  Muscle force measurements exerted against the force sensor are 

calculated and stored on computer software for strength analysis, allowing the 

measurement of muscular force in dynamic conditions (Baltzopoulos & Brodie, 1989; 

Dvir, 2004). The Biodex System 3 (Biodex Medical Systems, Shirley, New York, USA) 

is a reliable and valid isokinetic dynamometer used in both research and clinical settings 

(Drouin, Valovich-McLeod, Shultz, Gansneder, & Perrin, 2004). Previous research has 

demonstrated that Biodex systems consistently provide valid and accurate measures of 

peak torque with demonstrated test-retest reliability (Feiring, Ellenbecker, & Derscheid, 

1990; Taylor, Sanders, Howick, & Stanley, 1991). Isokinetic strength testing is widely 

used in the research community and has been the subject of over 2,500 published articles 

(Dvir, 2004). Isokinetic testing to examine strength levels in knee OA patients is 

commonly used for both longitudinal and clinical studies. Multiple studies have used 
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isokinetic testing to examine the relationship between thigh muscle strength and knee OA 

(Emrani et al., 2006; Miller, Rejeski, Messier, & Loeser, 2001; Segal et al., 2009; Segal 

et al., 2010; Slemenda et al., 1997). Isokinetic testing has also been used to examine the 

effect of exercise interventions on patients with knee OA (Diracoglu, Aydin, Baskent, & 

Celik, 2005; Rogind et al., 1998).   

2.5.5 12-Item Short-Form Health Survey (SF-12) 

 While measurement tools designed for specific diseases/disabilities are useful for 

studying a specific subset of the population, the measurement of general health status is 

beneficial for comparing health across a range of different groups (Brazier et al., 1992). 

The SF-12 is a 12-item questionnaire used to measure general health status and health 

related quality of life (QOL). Responses from the 12 questions are used to calculate 

physical and mental component summary scores (PCS-12 and MCS-12) which range 

from 0-100, with zero indicating the worst health rating and 100 indicating the best health 

rating (Gandek et al., 1998). The questionnaire was developed as a shorter alternative to 

the SF-36, one of the most common measurement tools for patient QOL (Wee, Davis, & 

Hamel, 2008). When compared to the SF-36, the SF-12 was found to be equally accurate 

and sensitive to change (Jenkinson et al 1997; Riddle, Lee, & Stratford, 2001). The SF-12 

has shown good construct validity when compared across nine countries, as well as high 

test-retest reliability (Gandek et al., 1998; Ware, Kosinski, & Keller, 1996). The use of 

the SF-12 with patient populations has demonstrated that it is a useful tool for describing 

overall health status (Burdine, Felix, Abel, Wiltraut, & Musselman, 2000). Furthermore, 

the SF-12 has been found to be reliable and valid for patients who are older adults, obese, 
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and/or have osteoarthritis (Gandhi et al., 2001; Resnick & Nahm, 2001; Wee et al., 2008). 

2.5.6 Pedometry: NL-2000 

 Physical activity levels are an important factor for the development of chronic 

disease, and for older adults the primary mode of physical activity is walking (Marsh, 

Vance, Frederick, Hesselmann, & Rekeski, 2007). In field settings, self-report methods 

such as surveys and diaries are commonly used to monitor physical activity levels. 

However, for older adults these methods are insensitive to minor daily walking behaviors 

and are subject to recall bias (Cyarto, Myers, & Tudor-Locke, 2004). Pedometers are a 

useful tool for objective measurement, they are worn at the waist and do not require 

patient input. Simple pedometer models measure steps using a spring-loaded lever arm, 

which is displaced vertically is response to ground reaction forces transferred to the hip. 

With each step the lever arm opens and closes the circuit which is recorded as a step 

(Crouter, Schneider, Karabulut, & Bassett, 2003). Piezoelectric pedometers use a 

weighted beam, which when subject to acceleration compresses a piezoelectric crystal, 

which generates voltage proportional to the magnitude of acceleration. Once the voltage 

reaches a pre-determined threshold a step is recorded (Crouter, Schneider, & Bassett, 

2005; Crouter et al., 2003). Piezoelectric pedometers are thought to be more accurate than 

simple pedometers because they can differentiate between different levels of acceleration. 

The NL-2000 (New-Lifestyles Inc, Lee`s Summit, MO) is a piezoelectric pedometer that 

has been the subject of multiple studies in the last decade. When compared to nine other 

pedometers in a 400 meter walk, and to 12 other pedometers in a 24 hr free-living period, 

the NL-2000 was found to be the most accurate pedometer in both settings (Schneider, 
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Crouter, Lukajic, & Bassett, 2003; Schneider, Crouter, & Bassett, 2004). Additionally, 

out of 10 pedometers compared at five different speeds on a treadmill, the NL-2000 was 

among the most accurate and was recommended by the authors as a good choice for use 

in research studies (Crouter et at., 2003). Using simple pedometers to obtain pedometry 

readings from older adults and obese patients tends to result in underestimation of steps 

due to slower walking speeds and tilting of the pedometer in patients with high 

abdominal adiposity (Crouter et al., 2005; Marsh et al., 2007). However, when compared 

to a simple pedometer, Marsh et al. found that the NL-2000 provided valid step 

measurement in a sample of older adults with a slower preferred walking speed (Marsh et 

al., 2007). Additionally, in a direct comparison to a popular simple pedometer, Crouter et 

al. found the NL-2000 to be more accurate for counting steps in overweight and obese 

individuals, especially at slower walking speeds. For this sample there was no effect of 

waist circumference, BMI, or pedometer tilting on the accuracy of the NL-2000 (Crouter 

et al., 2005). In summary, the NL-2000 appears to be the preferred pedometer for obese 

and/or older adults in treadmill and free-living periods. 

 

3. HYPOTHESIS AND OBJECTIVES 

3.1 Hypothesis 

A mechanistic study by Takacs et al. has demonstrated that the body weight support from 

a lower body positive pressure (LBPP) treadmill can provide a reduced-pain environment 

for patients with knee OA to exercise with reduced joint forces (Takacs et al., 2011). 

Therefore, LBPP treadmill technology has the potential to be applied as a rehabilitation 
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tool for knee OA patients with excess body weight, who have a limited exercise capacity 

due to joint symptoms and unhealthy joint loads. The null hypothesis states that there will 

be no significant difference between KOOS results when comparing scores before and 

after a 12-week LBPP treadmill physical activity program for an obese, older adult knee 

OA population.  

3.2 Objectives 

The purpose of this study was to use a LBPP treadmill to determine the effect of a 12-

week body weight supported walking program on joint pain and physical function, and to 

explore how this novel and innovative technology could be used to promote healthy and 

active lifestyles which support the functional autonomy of an at-risk population suffering 

from chronic symptomatic knee OA. Specifically, the study had the following objectives: 

1. Quantify the effect of a 12-week body weight supported walking program on knee 

joint symptoms and functional limitations by comparing KOOS results before and after 

the 12-week body weight supported walking program. 

2. Quantify the effect of a 12-week body weight supported walking program on knee pain 

during full weight-bearing and partial weight-bearing treadmill walking by comparing 

numeric rating scale (NRS) results before and after the 12-week body weight supported 

walking program. 

3. Quantify the effect of a 12-week body weight supported walking program on physical 

fitness and activity levels by comparing isokinetic strength, cardiovascular fitness, and 

pedometer results before and after the 12-week body weight supported walking program. 
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4. MATERIALS AND METHODS 

4.1 Sample Size 

Previous KOOS research indicates that 10 points is the minimum clinically 

significant difference (Roos & Toksvig-Larsen, 2003). Research examining functional 

limitations showed a standard deviation of 16 on the KOOS (Roos & Toksvig-Larsen, 

2003). Using an α = 0.05 (two-tailed) and 80% power level, as well as a sample size 

increase of 20% to account for withdrawal from the study, the estimated sample size is:  

N = 1{(1.96+0.84)16/10}² x 1.20 = 24 total participants required for this study.  

4.2 Patient Population 

 Twenty-five subjects were recruited for the study. Prior to the study initiation 

ethics approval was obtained from the University of Manitoba and research access to 

participant health information was approved by the Winnipeg Regional Health Authority. 

The following inclusion criteria were used for participant selection: 1) Age: 50-75; 2) 

Body mass index of >25 kg/m2 (Pi-Sunyer et al, 1998); 3) Radiographic confirmation of 

mild to moderate tibio-femoral OA in one or both knees (i.e. Kellgren & Lawrence Grade 

2-3) (Kellgren & Lawrence, 1957); 4) Knee pain during activities of daily living such as 

walking, squatting or kneeling (Altman et al., 1991). Exclusion criteria included: 1) 

Radiographic evidence of severe knee OA (Kellgren & Lawrence Grade 4) that requires 

the use of crutches or a walking aid (Kellgren & Lawrence, 1957; Neogi et al., 2009); 2) 
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Radiographic evidence of patellofemoral OA in the absence of tibio-femoral OA 

(Hinman & Crossley, 2007) 3) previous joint replacement surgery in the lower extremity; 

4) A recent history (within the last year) of traumatic hip, knee or ankle injury or surgery; 

5) History of cardiovascular disease or other medical conditions that prevent the 

individual from performing physical activity; 6) Presence of rheumatic diseases other 

than OA, including rheumatoid arthritis, psoriatic arthritis, chronic reactive arthritis, or 

ankylosing spondylitis (Neogi et al., 2009); 7) Unable to provide consent due to language 

barrier or mental status; 8) Any major medical condition, in the opinion of the principal 

investigator, that would affect quality of life and adversely affect results of the study; 9) 

Unwillingness or inability to return for follow-up appointments. While the use of non-

steroidal anti-inflammatories (NSAIDs) was not part of the exclusion criteria, any 

participants using prescription NSAIDs were instructed to maintain their usage 

consistently for the duration of the study, so that any changes in measured outcomes 

would not be secondary to changes in NSAID usage. A convenience sample of 

participants was collected through an advertisement in a community newspaper with 

circulation throughout the entire city of Winnipeg. Those who responded to the ad were 

contacted by phone and/or e-mail to determine eligibility for the study based on the 

aforementioned inclusion and exclusion criteria. Those deemed eligible and willing were 

then scheduled for an intake session.   
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4.3 Study Design 

 The study is a prospective, intervention-based, repeated measures design. A two-

part data collection session occurred prior to the 12-week intervention, which was 

repeated following the intervention. 

4.3.1 Part 1: Intake Session 

 The intake session consisted of five testing sections: 1) Initial forms; 2) 

Anthropometric measurements; 3) Measurement of cardiovascular (CV) fitness; 4) 

Isokinetic strength testing; 5) Bilateral radiographic imaging of the tibio-femoral joint.  

4.3.1.i. Initial Forms 

 Prior to the initiation of any testing procedures participants read and signed the 

informed consent form. Participants then completed the following forms: 1. Participant 

Information Form; 2. Knee Demographic Form; and 3. SF-12. The Participant 

Information Form provided contact information such as name, phone number, and 

address, as well as demographic information including age, lower limb dominance, and 

affected knee. For participants with bilateral knee OA, the knee reported as the most 

severe knee was considered the affected knee for the duration of the study. The Knee 

Demographic form provided a detailed history of the OA knee, such as previous history 

of injury or surgery, previous and current treatment methods such as bracing, injections 

and anti-inflammatories. In addition, the form was used to describe knee symptoms, knee 



56 
 

function, and activities that initiate knee symptoms. The Knee Demographic Form also 

provided information relevant to the inclusion/exclusion criteria such as pain with daily 

activities, any health conditions, and any recent injuries/surgeries. The SF-12 

questionnaire was used to assess general health status for both physical and mental 

health. 

4.3.1.ii. Anthropometric Measurements 

 Anthropometric measurements were collected in the same orthopaedic setting 

using the same equipment for all participants. Patient height (kilograms) and weight 

(meters) were measured using a Seca 700 Beam Scale (Seca, Birmingham, UK) equipped 

with a standiometer. Measurements were taken with shoes off and participant height was 

measured at the peak of inhalation. Height and weight measurements were used to 

calculate BMI (weight (kg)/height squared (m2)), which is significantly correlated with 

total body fat content and used to assess obesity status (Pi-Sunyer et al., 1998). Waist 

circumference was measured using a tape measure (Almedic, Saint-Laurent, QC, Canada) 

and the revised Canadian Physical Activity, Fitness and Lifestlye Approach (CPAFLA) 

protocol (McGuire & Ross, 2011). Waist circumference is a clinically acceptable method 

for measuring abdominal fat content and can be used in combination with BMI to assess 

relative disease risks (Pi-Sunyer et al., 1998). Leg circumference measurements were 

taken based on previously described methodologies for both the involved and uninvolved 

leg at the following four locations: 1) Six inches superior to tibio-femoral joint line 

(TFJL); 2) Three inches superior to TFJL; 3) At TFJL; and 4) Six inches inferior TFJL 

(Soderberg, Ballantyne, & Kestel, 1996). During leg circumference measurements, 
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subjects were lying supine with the knee in full extension with the tape measure pulled 

tight enough to remove the slack without compressing the tissue (Ross & Worrell, 1998; 

Soderberg et al., 1996).  

4.3.1.iii. Measurement of Cardiovascuar (CV) Fitness 

 CV fitness was measured using the YMCA Submaximal Cycle Test using the 

Monark Ergomedic 828E bicycle ergometer (Monark, Varberg, Sweden), which was 

calibrated before the intake and outtake testing sessions. Guidelines from the American 

College of Sport Medicine (ACSM) were followed for calibration and testing procedure 

(Kaminsky, 2010). The YMCA sub-maximal cycle test is a 3 stage test involving 

workloads of increasing intensity, designed to obtain two sub-maximal heart rates 

between 110 beats/minute and a heart rate (HR) near 85% of the subject’s age-predicted 

maximum HR for the purpose of estimating maximum volume of oxygen uptake (VO2 

max) (Kaminsky, 2010). HR was measured using a Garmin Forerunner 405 HR monitor 

(Garmin, Kansas, USA) with the chest strap receiver worn by the subject and the 

wristband receiver worn by the experimenter. The first stage was used to determine the 

appropriate workload for stage two and three to obtain two steady-state HR readings in 

the desired HR range. HR was recorded during the last 15 seconds of each minute. When 

two consecutive HR readings were within five beats of each other a steady state was 

achieved and that stage of the test was complete. The average of the two steady-state HR 

readings was considered the HR level for that stage. The two HR levels from the stage 

two and three workloads were used in the formula to predict VO2 max (Kaminsky, 

2010).   
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4.3.1.iv. Isokinetic Strength Testing 

 Isokinetic strength was measured using the Biodex System 3 (Biodex 

Corporation, Shirley, NY, USA). Participants were positioned in the chair with the chair 

back at an 85° angle and were secured to the chair using torso, pelvic, and thigh straps to 

minimize extraneous movement (Lephart, Ferris, Riemann, Myers, & Fu, 2002; Segal et 

al., 2009). Seat position was adjusted to align the lateral tibio-femoral joint line with the 

axis of rotation of the dynamometer arm. The isokinetic testing protocol included four 

repetitions of knee flexion and extension at three increasing speeds (60, 180, and 240 

°/second), with a 30-second rest period between each speed (Diracoglu et al., 2005). 

Based on previously described methodologies participants were instructed to perform the 

protocol at 50% effort as a warm-up period and to familiarize them with the equipment 

and testing protocol (Segal et al., 2009). Following the warm-up trial participants 

performed the protocol under the instruction to demonstrate maximum force by exerting 

as hard as they could. Both limbs were tested using the same protocol. The peak torque 

achieved over the four repetitions was measured in Newton-meters (N-m). Peak torque is 

considered the most valid method for evaluating muscle strength capacity (Diracoglu et 

al., 2005). In order to obtain a relative strength score for comparison between subjects 

peak torque (N-m) was divided by body weight (kg) to obtain a strength ratio (N-m/kg). 

Following the recommendations of Maly et al., the results were windowed to minimize 

the effect of limb acceleration and deceleration using the windowing function in the 

Biodex software in order to maximize the validity and reliability of strength measures 

(Maly, Costigan, & Olney, 2006). 
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4.3.1.v. Radiographic Imaging 

 Antero-posterior radiographs were taken for all subjects in a weight-bearing 

position with both knees in 5º of flexion. A Basic Radiographic System (Siemens, 

Erlangen, Germany) set at 70 KV and 10 mA was used to obtain x-ray images, with a 

film focus distance of 1.4 m. Each radiograph was reviewed by a radiologist (M.D.) in 

the Pan Am sport medicine clinic within a five-day period and reported on the presence 

of tibio-femoral joint space narrowing, osteophyte formation, cysts, and sclerosis. Using 

the Kellgren/Lawrence scale (Kellgren & Lawrence, 1957) disease severity was scored 

on a scale from 0 to 4, with 0 indicating no signs of OA and 4 indicating severe OA 

(Kellgren & Lawrence, 1957; Zhang & Jordan, 2008). 

 In addition to determining severity of knee OA, radiographs were also used to 

measure tibio-femoral joint alignment. Limb alignment was measured according to 

previous methods presented by Kraus et al., where two lines were drawn that originated 

from points bisecting the femur and tibia, respectively, that met at the midpoint between 

the tips of the tibial spines. The angle created between these two lines was used to assess 

alignment (>180° = valgus; 178.5-180° = normal; and < 178.5° = varus) (Kraus, Vail, 

Worrell, & McDaniel, 2005). 

4.3.2 Part 2: Full Weight-Bearing (FWB) Treadmill Walking- Initial 

 Prior to walking on the treadmill participants completed a KOOS questionnaire, 

were weighed, fit with the HR monitor, and instructions were provided for using the NRS 

to rate their pain throughout the walk. Next, participants were fit with a pair of neoprene 
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shorts, worn over their clothing, which zip into the G-trainer to create an airtight seal. 

Once on the treadmill, the bars supporting the walls of the air chamber were fixed at a 

point level with the greater trochanter of the subject, and the neoprene shorts were zipped 

into the aperture of the chamber. Once the airtight seal was established, the treadmill was 

calibrated to the weight of each participant using a built-in computer. Participants walked 

on the treadmill for 25 minutes at full body weight at a speed of 3.1 mph (1.4 m/s) with a 

0° incline (Browning & Kram, 2007). Heart rate was monitored and speed was adjusted if 

necessary to stay within the target HR zone (65-85% of HR max). Throughout the 

walking session the participants were allowed to hold onto the front or sides of the 

treadmill frame if required. NRS knee pain levels were taken at five-minute intervals (i.e. 

minute 5, 10, 15, 20, and 25), to obtain five pain scores that were then averaged to obtain 

an overall average pain score. The NRS scale was placed on the treadmill display screen 

for participants to reference and to prevent the subjects from viewing the treadmill 

settings. 

 Following the FWB walking session participants were issued a pedometer (NL-

2000, New Lifestyles, Lees Summit, MO, USA) to be worn during all waking hours. 

Participants were instructed to wear the pedometer on their waistband at the midpoint 

between the umbilicus and anterior superior iliac spine. All pedometers were tested prior 

to use with a short walking test. Each pedometer was tested twice using a 100-step walk 

test, which involved wearing the pedometer and walking 100 steps (Tudor-Locke & 

Myers, 2001). The number of steps recorded by the pedometer for both trials was 

recorded. The average percent error was 0.5% and none of the pedometers exceeded 2% 

error (i.e. 2 steps out of 100).  
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4.3.3 12-Week LBPP Treadmill Walking Program 

 The procedure for the LBPP treadmill walking sessions followed the same 

protocol as the FWB walking session, with the exception of the use of LBPP. Once the 

target walking speed was reached (within two minutes) knee pain was evaluated using the 

NRS and LBPP was systematically increased in 5% body weight increments each minute 

until one of the following criteria were met: 1. Pain level reached 0/10; 2. No further 

decreases in pain were achieved; 3. LBPP support reached 40%. NRS pain levels and the 

amount of LBPP support used were recorded at five-minute intervals to obtain five pain 

scores and five LBPP scores that were then averaged to obtain overall average scores. 

Subjects were blinded to the amount of LBPP used during each walking session.  

 Pedometer data was recorded prior to every LBPP treadmill walking session. 

After the data was recorded, the memory on the pedometer was cleared to avoid double-

counting step totals. 

4.3.4 Part 2 Re-test: Full Weight-Bearing (FWB) Treadmill Walking- Final 

 The procedure for the final FWB treadmill walking session was identical to the 

initial FB treadmill walking session. Pedometers were returned prior to the start of the 

walking session. 
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4.3.5 Part 1 Re-test: Outtake Session 

 Participants completed the SF-12 questionnaire, followed by anthropometric, 

cardiovascular fitness, and isokinetic strength measurement using the same protocol as 

the intake session. 

4.4 Statistical Analysis 

 Microsoft Office Excel 2007 with the Analysis ToolPak add-in, StatPlus:Mac 2009, 

and SPSS v.20 were used for data analysis. Descriptive statistics (i.e. mean, range, 

standard error, and standard deviation) for patient age, BMI, waist circumference, and 

tibio-femoral joint alignment were calculated for the study group. Parametric statistics 

(paired t-tests) were used to compare pre and post-test results for interval and ratio data 

including anthropometric measurements, cardiovascular fitness, isokinetic strength, and 

average daily pedometer steps . Non-parametric statistics were used for ordinal data 

including scores from KOOS, SF-12, and NRS pain scales, and LBPP. Wilcoxon signed 

rank sum tests were used to compare initial and final scores. Friedman’s tests and post-

hoc Mann-Whitney U tests organized by parameters including BMI and OA severity 

were used to detect differences between groups/subjects in KOOS scores. Spearman 

coefficient of correlation testing was used to examine the relationship between scoring on 

the KOOS, SF-12, and NRS during FWB treadmill walking. Differences were considered 

statistically significant if p < 0.05 and a Bonferroni correction was used when 

appropriate.   

5. RESULTS 
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5.1 Patient Population 

 Thirty-eight participants were scheduled for the intake session. Five subjects 

failed to meet inclusion criteria, and were excluded from the study because of: 1. 

Radiographic evidence of severe tibio-femoral OA (two subjects); 2. Absence of 

radiographic evidence of tibio-femoral OA (one subject); 3. Recent intra-articular 

injection (one subject); 4. Absence of symptoms affecting ADL’s (one subject). The 

remaining 33 participants were enrolled in the 12-week LBPP walking program. Over the 

course of the study, a total of eight participants withdrew from participation for the 

following reasons: 1. Inability or unwillingness to attend walking sessions (four subjects); 

2. Injury from a motor vehicle accident or fall (two subjects); 3. Severe inflammatory 

episode in unaffected knee (two subjects). Data analysis was carried out on a total of 25 

participants that completed the full 12-week walking program. 

 After participant exclusion and dropout, a total of 25 participants successfully 

completed all of the testing sessions. Participant demographics for this group are 

summarized in Table 1. The average age of the participant population was 64.2 years, 

with an average height of 1.65 m, weight of 90.0 kg, and BMI of 33.0 kg/m2. Tibio-

femoral joint alignment was typically varus (19 subjects) with an equal number of valgus 

and normally aligned knees (3 subjects respectively). All but two subjects demonstrated 

radiographically confirmed OA bilaterally. For subjects with bilateral knee OA, the more 

symptomatic knee indicated by the subject was used for evaluation (Maly et al. 2006). 

With one exception, all of the participants were right-limb dominant. For 15 of the 

participants, their dominant limb was that of their affected knee, and for the remaining 

10, their non-dominant limb was that of their affected knee. All but one of the 
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participants had radiographic evidence of medial compartment OA, with nine subjects 

having unicompartmental medial OA and 15 having OA in multiple compartments. In 

addition to tibio-femoral OA, 13 participants also had radiographic findings of 

patellofemoral OA. 

 On average, participants reported experiencing knee problems for 5.9 ± 4.7 years 

prior to the initiation of the study (ranging from one year to twenty years between 

subjects). Seven participants reported a previous injury to the knee, which in most cases 

was a result of a traumatic fall. Stair climbing was the most commonly reported activity 

that worsened knee symptoms (80%), followed by walking (68%), kneeling (68%), 

squatting (60%), and prolonged sitting (48%). Seven participants reported previous knee 

surgery and one reported previous ankle surgery. With regard to previous treatment 

strategies, 72% participants reported having physiotherapy, 42% used knee bracing, 32% 

had used anti-inflammatory medication, and 12% had received intra-articular injections 

for knee OA management. Two participants were using prescription NSAID’s at the time 

of the intake session and both chose to continue taking their medication consistently for 

the duration of their participation in the study. 

5.2 Anthropometric Measurements  

Anthropometric measurements for the study population at baseline and outtake 

are presented in Table 2. No significant changes were found for body weight, BMI, or 

waist circumference. Paired t-tests showed no significant difference between the affected 

and unaffected limb values for all limb measurement sites both at intake and outtake. 

Therefore, only the affected limb was selected for further statistical analysis (Emrani et 
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al., 2006). No significant changes were found in circumference measurements three 

inches above or below the tibio-femoral joint line (TFJL). However, there was a 

significant decrease in the outtake circumference measures for six inches above TFJL (p 

= 0.016) and at TFJL (p < 0.001). 

5.3 General Health Status, Cardiovascular (CV) Fitness, and Physical Activity Levels 

 General health status was measured using the SF-12 questionnaire to calculate 

physical and mental component summary measures (PCS-12 and MCS-12). Average 

PCS-12 and MCS-12 results are presented in Table 3. No significant differences were 

found between baseline and outtake component summary scores for physical (p = 0.139) 

or mental health (p = 0.677). 

The YMCA submaximal cycle test uses heart rate values measured during sub-

maximal aerobic exercise to estimate VO2 max. Therefore, any participants taking 

medications that affected heart rate, such as beta-blockers, were not included for 

statistical analysis. This is because HR reducing medication would produce a below-

average heart rate readings resulting in an over-estimation of VO2 max. As a result, 

YMCA data from five participants was omitted. VO2 max levels at intake and outtake for 

the remaining 20 subjects are presented in Table 3. No significant difference was found 

between intake and outtake test results for CV fitness (p = 0.474).  

Physical activity levels for the study population were measured using pedometer 

step readings. Baseline activity level was measured by calculating the average daily step 

total for the week prior to the 12-week walking program. Outtake activity level was 
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measured by calculating the average daily step total for the week following the 12-week 

walking program. Baseline and outtake average daily step totals are presented in Table 3. 

No significant difference was found between baseline and outtake average daily steps 

totals (p = 0.467). In order to determine the presence of a seasonal effect on physical 

activity levels, the study population was separated into two groups, spring and fall 

participants. Spring participants started participating in the study in May and finished in 

August (n = 9), while fall participants started in September and finished in December (n 

= 16). While the spring group showed a significant increase in average daily step counts 

(p = 0.016), no significant difference was found for the fall group (p = 0.425). On 

average, the spring group increased by 1609 steps/day while the fall group decreased by 

535 steps/day. In total, 77% of the fall group subjects showed a reduction in average 

daily steps compared to only 11% in the spring group. In summary, while there was no 

significant change in overall average daily step totals, these results were strongly 

influenced by seasonal changes.   

5.4 Isokinetic Strength 

 Paired t-tests comparing isokinetic strength between the affected and unaffected 

limb showed no significant difference in peak torque to body weight. Therefore only the 

affected knee was chosen for statistical analysis (Emrani et al., 2006). Isokinetic muscle 

strength values are presented in Figures 3 and 4. Isokinetic strength was measured as a 

ratio of peak torque in Newton-meters to body weight in kilograms (N-m/kg). Expressing 

isokinetic strength as peak torque relative to body weight allows comparison between 

subjects despite differences in body size and reduces the strength differences between 
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males and females (Perrin, 1993). Significant strength increases in both quadriceps and 

hamstring muscle groups were seen from baseline to outtake at all three speed settings. 

Since there was no significant difference between baseline and outtake body weight, it 

can be assumed that the change was due to an increase in absolute strength levels (peak 

torque in N-m) as opposed to decreasing body weight (kg) levels. The 

hamstring:quadriceps isokinetic strength ratios (H:Q) for baseline and outtake testing 

sessions are presented in Table 4. The H:Q was calculated by dividing peak concentric 

hamstring torque levels by peak concentric quadriceps torque levels. No significant 

differences were found between baseline and outtake muscle strength ratios.   

5.5 Knee OA Symptoms 

 Subjective measurement of knee OA symptoms was achieved using the KOOS 

questionnaire. The KOOS questionnaire evaluates the impact of OA symptoms for five 

separate categories over the past week, including: Symptoms; Pain; Function in Daily 

Living (ADL); Sports and Recreational Activities (Sport/Rec); and Quality of Life 

(QOL). Scores for each category can range from 0-100, representing a percentage of the 

total possible score achieved, with zero indicating extreme knee problems and 100 

indicating no knee problems. KOOS scores from the baseline and outtake FWB treadmill 

walking sessions are presented in Table 5. Significant improvements were found in all 

KOOS subscales at outtake, with the largest improvements in participant QOL. 

Since the Sport/Rec subscale evaluated activities that were not applicable to all of 

the participants, such as running, jumping, squatting, pivoting, and kneeling, an 

additional option of “Not Applicable” was provided. Each answer that was indicated as 
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“Not Applicable” was treated as missing data, and in instances where more than two 

questions in a subscale had missing data, a subscale score was not calculated (Roos & 

Toksvig-Larsen, 2003). Seven participants omitted more than two questions for the 

Sport/Rec subscale, therefore only 18 subjects provided usable data for statistical analysis 

of that subscale. 

Figure 5 shows a significant, moderate negative correlation between BMI levels 

and baseline KOOS QOL scores (p = 0.018; r = -0.47), with higher BMI levels 

correlating with lower KOOS QOL scores. A moderate negative correlation between 

BMI and Sport/Rec scores was also found, but the correlation was not statistically 

significant (p = 0.077; r = -0.43). 

Results from a correlation analysis between the change in KOOS and SF-12 

scores are presented in Table 6. Changes in scores were determined by computing the 

difference between intake and outtake scores. Significant moderate to strong positive 

correlations were found between all KOOS subscales and the SF-12 physical composite 

score, with the exception of Sport/Rec, indicating that increased physical health ratings 

on the SF-12 correlate with decreased pain and symptoms from knee OA and improved 

QOL and ADL function ratings on the KOOS.  

To identify the effect of radiographic knee OA severity on KOOS scores, 

participants were grouped based on the grade of OA using the Kellgren-Lawrence scale 

into either a grade 2 or grade 3 category. Ten subjects were categorized with grade 2 OA 

and fifteen subjects with grade 3. The two groups were compared for differences in 

KOOS subscale scores using a Mann-Whitney U Test. Due to an insufficient number of 
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results in the grade 2 group no statistical analysis was performed for the Sport/Rec 

subscale. No significant differences were found between the two groups for any of the 

KOOS subscales.  

To determine the impact of BMI on KOOS scores, subject data was subdivided 

into three groups: 1. Overweight (BMI 25-29.9 kg/m2); 2. Obese 1 (30.0-34.5 kg/m2); 3. 

Obese 2+ (≥35.0 kg/m2) (Pi-Sunyer et al., 1998). Nine subjects were grouped into the 

overweight category and eight were grouped in both the obese 1 and obese 2+ categories 

respectively. No significant differences were found between the groups for baseline or 

outtake KOOS scores in any subscale. Therefore, for this sample there were no 

significant differences in KOOS scores in subjects with a BMI > 25.0 kg/m2, regardless 

of the magnitude to which BMI exceeded this threshold.  

5.6 Knee Pain and LBPP  

 Knee pain during treadmill walking was measured verbally using an 11-point 

numeric rating scale (NRS) ranging from zero to ten, with zero indicating “No Pain” and 

ten indicating “Worst Possible Pain”. Pain measurements were recorded every five 

minutes during each 25-minute walking session, resulting in five pain measures for each 

session. These five measures were averaged to determine an average knee pain level for 

each walking session. Average knee pain levels during initial and final FWB walking 

sessions are presented for each participant in Figure 7. Average knee pain for participants 

during initial and final FWB walking sessions was 3.4 ± 2.1 (range: 0.0-7.0) and 2.0 ± 2.2 

(range: 0.0-8.0) respectively, with significantly decreased knee pain levels in the final 

FWB session (p = 0.002). Furthermore, five of the subjects went from experiencing knee 
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pain during the initial FWB walking session to being able to walk pain free during the 

final FWB session. However, while average knee pain decreased after the 12-week 

program, three participants experienced an increase in knee pain levels. 

 During LBPP walking sessions, LBPP was added in 5% body weight (BW) 

increments each minute until one of the following criteria were met: 1. Pain levels 

reached 0/10; 2. No further decreases in pain were achieved; 3. LBPP support reached 

40%. For statistical analysis, initial and final LBPP walking sessions were compared. The 

initial LBPP session (ILS) was the first session that occurred in week one, and the final 

LBPP session (FLS) was the last session that occurred in week 12. Average knee pain 

and LBPP percentage used for the ILS for each participant is presented in Figure 8. In the 

ILS participants required an average of 17.9% ± 9.4% (range: 3-35%) BW lifting force to 

reach an average NRS pain level of 2.6 ± 1.8 (range: 0.1-6.6). A moderate positive 

correlation between the percentage of LBPP used and knee pain was found for the ILS (p 

= 0.014; r = 0.48), indicating that higher knee pain levels required higher percentages of 

LBPP support. Average knee pain and LBPP percentage used for the FLS for each 

participant is presented in Figure 9. In the FLS participants required an average of 8.5% ± 

8.3% (range: 0-40%) BW lifting force to reach an average NRS pain level of 1.8 ± 2.0 

(range: 0.0-8.0). A significant reduction in the required percentage of LBPP (p = 0.002) 

and average knee pain (p = 0.023) was seen in the FLS compared to ILS. There was also 

a stronger positive correlation between the percentage of LBPP used and knee pain for 

the FLS (p < 0.000; r = 0.82), indicating that smaller percentages of LBPP were required 

to minimize knee pain. After removing a large outlier, there was little effect on the 
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strength of the correlation (p < 0.000; r = 0.79). In summary, at the end of the 12-week 

program average pain levels were lower and less LBPP was required to minimize pain. 

 Initial and final knee pain levels were compared between FWB and LBPP 

walking sessions to determine the effect of LBPP on knee pain during walking before and 

after the 12-week program. Results from this comparison are presented in Figure 10. For 

the initial walking sessions, pain during initial LBPP session was significantly less than 

during initial FWB session (p = 0.012). This indicates that LBPP was effective in 

providing pain relief during initial walking sessions. However, for the final walking 

sessions knee pain during LBBP was lower than FWB, but this difference was not 

significant (p = 0.209). This indicates that the decrease in knee pain during walking 

following the 12-week program was large enough to minimize the requirement for LBPP 

support in order to achieve minimal knee pain during walking.  

 Results from a correlation analysis between NRS pain levels during FWB walking 

and KOOS scores are presented in Table 7. Moderate correlations were found between 

knee pain measured by NRS and by the KOOS Pain Subscale for initial scores (r = -0.53; 

p = 0.007) and final scores (r= -0.55; p = 0.004;). This correlation indicates that as KOOS 

Pain scores increase (i.e. improve), NRS pain levels decrease. A significant negative 

correlation was found between initial ADL and NRS scores (p = 0.013; r = -.49) but not 

between final scores (p = 0.055; r = -0.388). This correlation indicates that higher KOOS 

ADL scores were related to lower NRS pain scores initially, but not following the 12-

week program. 
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6. TABLES AND FIGURES  

Table 1. Participant Demographics (Mean ± SD (Range)) 

Demographic Male Female Total 

Number of Subjects 8 17 25 

Age (Years) 66.3 ± 6.3 (59-75) 63.2 ± 6.0 (53-72) 64.2 ± 6.1 (53.0-

75.0) 

Height (m) 1.73 ± 0.07 (1.63-

1.85) 

1.62 ± 0.06 (1.50-

1.76) 

1.65 ± .083 (1.50-

1.85) 

Weight (kg) 91.5 ± 17.7 (74.4-

125.6) 

89.3 ± 19.1 (62.7-

129.5) 

90.0 ± 18.3 (62.7-

129.5) 

BMI (kg/m2) 30.4 ± 4.4 (25.7-

38.3) 

34.3 ± 7.4 (26.1-

51.4) 

33.0 ± 6.8 (25.7-

51.4) 

Varus:Valgus:Normal 8:0:0 11:3:3 19:3:3 

 

Demographics of the participant population are presented. Values are presented 

individually for each gender and for the total population. The demographics illustrate an 

obese, older adult population that typically demonstrated a valgus tibio-femoral joint mal-

alignment. 
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Table 2. Anthropometric Measurements (Mean ± SD (Range)) 

Anthropometry Intake Session Outtake Session p-value 

Weight (kg) 90.0 ± 18.3 (62.7-129.5) 89.3 ± 18.8 (61.8-128.7) 0.053 

BMI (kg/m2) 33.0 ± 6.8 (25.7-51.4) 32.8 ± 6.9 (24.6-51.2)  0.065 

Waist Circumference 

(cm) 

105.5 ± 13.6 (86.5-

140.0) 

105.5 ± 14.0 (81.5-136.5) 0.956 

6" Superior to TFJL  (cm) 52.2 ± 7.1 (41.5-70) 51.4 ± 7.2 (40.5-70) 0.016* 

3" Superior to TFJL  (cm) 46.4 ± 6.3 (38.0-64.5) 45.9 ± 6.1 (37.0-63.5) 0.200 

Tibio-Femoral Joint Line 

(cm) 

41.1 ± 2.9 (37.0-49.0) 40.3 ± 2.5 (37-47.5) <0.000*** 

6" Inferior to TFJL  (cm) 38.8 ± 4.2 (33.0-50.0) 38.4 ± 3.7 (32.5-44.5) 0.325 

*p<0.05 
***p<0.0001 

Anthropometric measurements for the participant population are presented for the intake 

session prior to the 12-week walking program and for the outtake session following the 

12-week program. Leg circumference measurements are presented for the affected leg. P-

values are presented for mean score comparisons between intake and outtake measures.  
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Table 3. General Health and Fitness Measures (Mean ± SD (Range)) 

  Baseline  Outtake  p-value 

SF-12: PCS 32.8 ± 7.2 (23.6-53.4) 35.5 ± 7.3 (23.8-50.3) 0.139 

SF-12: MCS 56.6 ± 7.4 (41.6-68.2) 55.5 ± 9.1 (33.9-65.4) 0.677 

VO2 Max 

(mL/kg/min) 

24.06 ± 4.76 (17.64-37.35) 24.55 ± 4.43 (18.48-34.75) 0.474 

Pedometer 

(steps/day) 

6325 ± 3189 (2483-13238) 6667 ± 3591 (1748-15115) 0.467 

 

Initial and final general health and fitness measures are presented for the participant 

population. Pedometer data is presented as the average daily step count for the first week 

(intake) and last week (outtake) of the study. P-values are presented for mean score 

comparisons between baseline and outtake measures. VO2 Max- the maximum volume of 

oxygen consumed per kilogram body weight in one minute; SF-12- 12-Item Short-Form 

Health Survey; PCS- physical component summary score; MCS- mental component 

summary score    
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Table 4. Hamstring to Quadriceps Isokinetic Strength Ratio (Mean ± SD 

(Range)) 

Angular Velocity (°/sec) Baseline Outtake p-value 

60 0.70 ± 0.23 (0.40-1.30) 0.76 ± 0.16 (0.30-1.10) 0.763 

180 0.94 ± 0.37 (0.20-1.80) 0.90 ± 0.20 (0.4-1.3) 0.627 

240 1.08 ± 0.72 (0.10-4.0) 0.97 ± 0.26 (0.3-1.4) 0.422 

 

Average hamstring to quadriceps strength ratios are presented from the baseline and 

outtake isokinetic testing sessions for all three speed settings. P-values are presented for 

mean score comparisons between baseline and outtake ratios. No significant differences 

were found between baseline and outtake muscle strength ratios.
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Table 5. KOOS Scores (Mean ± SD (Range))  

KOOS Subscale   Baseline  Outtake  p-value 

Pain (n = 25) 53 ± 12 (33-78) 61 ± 15 (28-83) 0.020* 

Symptoms (n = 25) 56 ± 13 (32-89) 65 ± 17 (29-93) 0.004** 

ADL (n = 25)  59 ± 15 (34-87) 68 ± 16 (34-91) 0.010* 

Sport/Rec (n = 17) 28 ± 12 (0-60) 42 ± 12 (0-75) 0.011* 

QOL (n = 25) 31 ± 12 (6-50) 47 ± 12 (0-69) 0.002** 

*p<0.05 
**p<0.001 
 
Average KOOS scores for each subscale are presented from the baseline and outtake full 

weight-bearing treadmill walking sessions. P-values are presented for mean score 

comparisons between baseline and outtake measures. ADL- Function is Daily Living; 

Sport/Rec- Sports and Recreational Activities; QOL- Quality of Life 
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Table 6. Correlation Between Change in KOOS and SF-12 

 Pain Symptom ADL Sport/Rec QOL 

SF-12: PCS 0.652 0.534 0.523 0.699 0.292 

p-value <0.000*** 0.006** 0.007** <0.000*** 0.240 

SF-12: MCS 0.160 0.255 0.291 0.118 0.036 

p-value 0.444 0.219 0.159 0.574 0.886 

**p<0.001 
***p<0.0001 

Spearman’s correlation coefficients determined when comparing the change in KOOS 

subscale scores to the change in SF-12 subscale scores. Significant moderate to strong 

correlations were found between the physical component summary score (PCS) of the 

SF-12 and the KOOS subscales with the exception of Sport/Rec. ADL- Function is Daily 

Living; Sport/Rec- Sports and Recreational Activities; QOL- Quality of Life; MCS- 

mental component summary score    

 

 

 

 



78 
 

 

Table 7. Correlation Between FWB NRS and KOOS Scores 

 Pain-I Symptom-I ADL-I  Sport/Rec-I QOL-I 

NRS-I -0.53 -0.25 -0.49 -0.32 -0.14 

p-value 0.007** 0.223 0.013* 0.212 0.504 

 Pain-F Symptom-F ADL-F Sport/Rec-F QOL-F 

NRS-F -0.55 -0.47 -0.39 -0.26 -0.14 

p-value 0.004** 0.018* 0.055 0.300 0.505 

*p<0.05 
**p<0.01 

Spearman’s correlation coefficients determined when comparing Numeric Rating Scale 

(NRS) knee pain scores during FWB walking and KOOS subscale scores. Significant 

moderate negative correlations were found between pain measured by NRS and KOOS 

for both initial and final scores. I- initial scores; F- final scores; ADL- Function is Daily 

Living; Sport/Rec- Sports and Recreational Activities; QOL- Quality of Life 
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Figure 1. G-trainer LBPP Treadmill 

 

Figure 1: Subject walking on the G-trainer treadmill 
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Figure 2. Neoprene Shorts for G-trainer Treadmill 

  

Figure 2: Subject wearing a pair of neoprene shorts with a built in kayak-type skirt to 

create an airtight seal within the air chamber of the treadmill. 
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Figure 3. Isokinetic Quadriceps Strength 

 

Figure 3: Mean (95% CI) isokinetic strength in the quadriceps muscle group for the 

affected knee at three angular velocities. Strength increased significantly from baseline 

values at all three speeds. ** indicates significance increase at 60 degrees/second 

(p<0.01). *** indicates significant increase at 180 and 240 degrees/second (P<0.001).   



82 
 

 

Figure 4. Isokinetic Hamstring Strength 

 

Figure 4: Mean (95% CI) isokinetic strength in the hamstring muscle group for the 

affected knee at three angular velocities. Strength increased significantly from baseline 

values at all three speeds. *** indicates a significant strength increase at 60, 180, and 240 

degrees/second (P<0.001).   
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Figure 5.  BMI vs. KOOS Quality of Life Scores 

 

Figure 5: There was a significant moderate negative correlation between baseline 

KOOS quality of life (QOL) scores and body mass index (BMI) with r = -0.47 (p = 

0.018). Higher BMI levels were indicative of lower baseline QOL scores on the KOOS 

questionnaire. R2 value indicates that 22% of the variability in KOOS QOL was due to 

changes in BMI. BMI- body mass index; KOOS- Knee Injury and Osteoarthritis 

Outcome Score 
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Figure 6.  Radiographic OA Severity vs. KOOS Quality of Life Scores  

 
* p < 0.05 
** p < 0.01 

Figure 6: Comparisons of mean (95% CI) KOOS quality of life (QOL) scores between 

groups with less severe (K-L Grade 2) and more severe (K-L Grade 3) radiographic knee 

OA at baseline and outtake testing sessions. Changes in KOOS QOL scores were 

determined as the average difference between outtake and baseline scores. K-L- 

Kellgren-Lawrence; KOOS- Knee Injury and Osteoarthritis Outcome Score 
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Figure 7. Knee Pain During FWB Walking Sessions  

   

 

 

 

 

 

 

 

Figure 7: Mean NRS pain levels during initial and final FWB walking sessions for each 

participant. NRS- Numeric Rating Scale; FWB- Full Weight Bearing 

Mean ± SD (Range):  

Initial: 3.4 ± 2.1 (0.0-7.0) 

Final: 2.0 ± 2.2 (0.0-8.0) 
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Figure 8. ILS: Average Knee Pain vs. LBPP Percentage 

 

Figure 8: Average knee pain and LBPP levels used are presented for each participant 

for the initial LBPP walking session (ILS). A moderate positive correlation between the 

percentage of LBPP used and knee pain was found for the ILS (p = 0.014; r = 0.48), 

indicating that higher knee pain levels required higher percentages of LBPP support. R2 

value indicates that 23% of the variability in LBPP was due to changes in knee pain 

(NRS). NRS- Numeric Rating Scale; LBPP- lower body positive pressure 
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Figure 9.  FLS: Average Knee Pain vs LBPP Percentage 

 

Figure 9: Average knee pain and LBPP levels used are presented for each participant 

for the final LBPP walking session (FLS). Despite the presence of a single outlier, a 

strong positive correlation between the percentage of LBPP used and knee pain was 

found for the FLS (p < 0.000; r = 0.82), indicating that small changes in percentages of 

LBPP were capable of minimizing knee pain. One outlier is notable from a participant 

with high pain levels that were unchanged by maximal LBPP. R2 value indicates that 

67% of the variability in LBPP was due to changes in knee pain (NRS). NRS- Numeric 

Rating Scale; LBPP- lower body positive pressure 
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Figure 10.  Knee Pain During FWB and LBPP Treadmill Walking 

 

Figure 10: Comparisons of mean (95% CI) knee pain levels during full weight bearing 

(FWB) and lower body positive pressure (LBPP) treadmill walking sessions. * indicates 

that pain during initial LBPP session was significantly less than during initial FWB 

session (p = 0.012); ^ indicates that pain was significantly lower during the final FWB 

session compared to the initial FWB session (p = 0.002); + indicates that pain was 

significantly lower during the final LBPP session compared to the initial LBPP session (p 

= 0.023) 
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7. DISCUSSION 

 The results of this study are, to our knowledge, the first to demonstrate the effects 

of a LBPP treadmill exercise program for a symptomatic knee OA population. A prior 

study by Takacs (2011) reported results from a methodological analysis examining the 

potential application of LBPP for an overweight/obese early-onset (age 35-59) knee OA 

population (Takacs, 2011). The objectives of the current study were to quantify the effect 

of a 12-week body weight supported walking program on the following variables: 1. 

Knee joint symptoms and functional limitations (KOOS scores); 2. Knee pain during full 

weight-bearing and partial weight-bearing treadmill walking (NRS scores); 3. Physical 

fitness and activity levels (isokinetic strength, cardiovascular fitness, and pedometer 

results). Our sample population consisted of overweight and obese (BMI >25 kg/m2) 

older adults who typically had bilateral medial compartment OA and varus deformities. 

Significant improvements in knee joint symptoms and functional capacity were measured 

by the KOOS questionnaire. With the exception of the QOL subscale, variations in BMI 

had little effect on KOOS results. This is consistent with previous findings, which have 

reported the QOL subscale as the most responsive to change (Roos & Toksvig-Larsen, 

2003). Knee pain during walking was significantly reduced following the 12-week 

program and in some participants knee pain was completely eliminated. Furthermore, the 

decrease in knee pain during walking following the 12-week program was large enough 

to minimize/eliminate the requirement for LBPP support in order to achieve minimal 

knee pain during walking. Significant improvements were also seen in hamstring and 

quadriceps muscle group strength levels, which have been shown to help reduce pain and 
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improve function in OA populations (Pelland et al., 2004). The use of an LBPP treadmill 

to facilitate walking exercises may serve as an effective means for reducing symptoms 

and improving physical function for symptomatic knee OA populations with excess body 

weight.    

7.1 Patient Population 

 The population addressed in this study is older adults with a high BMI living with 

symptomatic knee OA. The purpose of selecting this demographic was to test an 

intervention with individuals most at risk for developing functional impairment 

secondary to knee OA. The average age of our study population was 64.2 years. The 

prevalence of OA increases significantly with age, which is considered one of the 

strongest risk factors for OA (Arden & Nevitt, 2006; Zhang & Jordan, 2008). This is 

likely a result of cumulative exposure to the risk factors of OA, combined with a decrease 

in the structural integrity and healing capacity of the joint tissues (Arden & Nevitt, 2006; 

Zhang & Jordan, 2008). The average BMI of our population was 33.0 kg/m2, which is 

considered obese. Obesity has been established as the strongest risk factor for knee OA 

(Arden & Nevitt, 2006) and of all of the measures of body composition, the strongest 

association was found with BMI (Lohmander et al., 2009). The majority of our 

population was female (68%) which is consistent with previous findings from Srikanth et 

al., who reported that females have a greater risk of developing knee OA, especially post-

menopausal women (Srikanth et al., 2005). Tibio-femoral joint alignment was typically 

varus (76%) with an equal number of valgus and normally aligned knees (12% 

respectively). The presence of mal-alignment has been shown to be strongly associated 
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with the development and progression of OA in the joint compartment that is subject to 

increased compressive stress, with varus mal-alignment results in a four-fold increase in 

the risk of OA progression in the medial compartment, and valgus mal-alignment 

represents nearly a five-fold risk increase in the lateral compartment (Arden & Nevitt, 

2006; Sharma et al., 2001; Zhang & Jordan, 2008). This is consistent with our findings, 

where all subjects with valgus mal-alignment had medial compartment OA. 

Demographics from our study population reinforce previous reports of the known risk 

factors for knee OA, including age, gender, obesity, and mal-alignment and confirm that 

our findings are valid and generalizable to this patient population. 

7.2 Anthropometric Measurements 

 For this study, participants were classified as obese based upon BMI. However, 

BMI is unable to distinguish between fat and fat-free mass. Therefore, BMI can 

potentially provide misleading information for participants with high levels of fat-free 

mass (i.e. muscle) (Garn, Leonard, & Hawthorne, 1986). In order to avoid misinterpreting 

BMI data, waist circumference was also measured. Waist circumference (WC) can be 

used to confirm obesity status and identify relative risk levels for the development of risk 

factors related to obesity (Pi-Sunyer et al., 1998). The WC levels associated with obesity 

are circumferences that exceed 101 cm for males and 87 cm for females (Pi-Sunyer et al., 

1998). For the study population, the average waist circumference was 106.6 cm for males 

and 105.1 cm for females, with both averages exceeding the gender-specific cutoffs. 

Therefore, due to high levels of abdominal adiposity, we can reasonably conclude that the 

study population was obese. 
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 A significant decrease in circumference at the tibio-femoral joint line was found 

following the 12-week program. Previous studies have considered circumference 

measures at knee joint line to be an indicator of intra-articular swelling (Soderberg et al., 

1996). Therefore, the decrease in joint line circumference appears to indicate a reduction 

in joint swelling. Eastlack et al. suggested that LBPP had the potential to reduce effusion 

following ACL surgery, however they did not study the use of LBPP as a rehabilitation 

modality (Eastlack et al., 2005). In a case study by Takacs et al. (2011) the effects of a 

six-month LBPP rehabilitation program for a patient with multiple lower extremity 

fractures was evaluated with foot and ankle circumference as an outcome measure. The 

authors noted a decrease in circumferences, but indicated that they were not statistically 

significant (Takacs et al., 2011). However, as a case study, their findings are limited in 

their ability to assess the impact of LBPP exercise on effusion.  

 A significant decrease was also seen in thigh circumference six inches above 

tibio-femoral joint line. Previous studies have considered thigh circumference 

measurement as an indirect indicator of thigh muscle function and to identify the 

presence of atrophy following knee surgery (Cooper, Dodds, Adams, De Dombal & 

Steele, 1981; Soderberg et al., 1996). Considering the significant increase in both 

quadriceps and hamstring muscle strength demonstrated by the study population, it is 

likely that the decrease was secondary to a reduction in thigh adiposity, as opposed to 

muscle atrophy. In this case, having pre and post skinfold thickness measurements using 

a skinfold caliper would have been useful to determine if the circumference change was 

isolated to the adipose layer, because muscle thickness is not considered in skinfold 

assessment.    
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7.3 General Health Status, Cardiovascular (CV) Fitness, and Physical Activity Levels 

 General health status was measured using the SF-12 questionnaire to calculate 

physical and mental component summary measures (PCS-12 and MCS-12). Average 

scores for the study population were very similar to findings by Gandhi et al., who 

collected data from 592 subjects with arthritis, indicating that the findings from this study 

sample are consistent with a larger population (Gandhi et al., 2001). An increase was 

found in the mean physical component score but it was not statistically significant. These 

findings conflict with a study by Jenkinson et al., who evaluated the effect of a 24-month 

home strengthening program on SF-36 scores in overweight older adults with knee pain. 

They found that the strengthening program resulted in significant improvement in 

physical composite scores (Jenkinson et al., 2009). It is possible that the extended 

duration of the intervention may have increased the effect on SF-12 scores. Perhaps if the 

current study was extended over a longer duration, SF-12: MCS scores could continue to 

improve to a level comparable to previous findings. 

 In order to evaluate cardiovascular (CV) fitness levels before and after the 12-

week program, VO2 max was estimated using the YMCA submaximal cycle test. When 

baseline VO2 max values were compared to normative data presented by Heyward the 

study participants were ranked on a five-point scale as either poor, fair, good, excellent, 

or superior for their age and gender (Heyward, 2006). Two subjects received a good 

rating, and all others were ranked as either poor or fair. Grandes et al. reported similar 

baseline findings for a sample of 4317 physically inactive adults with an average VO2 

max of 24.52 mL/kg/min compared to the current study where the average baseline VO2 

max was 24.06 mL/kg/min (Grandes et al., 2009). Therefore the results of the current 



94 
 

study indicate that the sample population had a cardiovascular fitness level consistent 

with other physically inactive adults.  

No significant difference was found between pre and post VO2 max levels for the 

study population, indicating that overall the 12-week walking program did not affect CV 

fitness. These results are consistent with previous findings by Roos and Dahlberg, who 

found no significant difference in VO2 max measures estimated by a submaximal cycle 

test following a four month exercise intervention where subjects at a high risk for knee 

OA underwent supervised exercise three times per week (Roos & Dahlberg, 2005). The 

lack of change in CV fitness for both studies may be related to the frequency and 

intensity of aerobic exercise for each intervention. Guidelines published in 2007 by the 

American College of Sport Medicine (ACSM) and the American Heart Association 

(AHA) recommend a minimum of 30 minutes of moderate-intensity aerobic exercise for 

five days each week in order to maintain CV fitness levels (Haskell et al., 2007). The 

interventions from both the current study and the study by Roos and Dahlberg fail to 

meet these guidelines. However, for both studies the primary purpose was not to increase 

CV fitness, and the measurement of VO2 max served solely as a secondary outcome 

measure. Based upon these findings, future studies aimed to improve CV fitness in knee 

OA patients should consider increasing the frequency of aerobic activity to the levels 

recommended by the ACSM and AHA. 

In order to measure weekly physical activity levels for this study, participants 

wore a pedometer during waking hours that was capable of storing activity data for up to 

seven days. Daily step totals were averaged over the seven-day period to obtain an 

average daily activity level for the week. No significant difference was found between 
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average daily activity levels for the intake and outtake week. However, after accounting 

for seasonal differences, the results indicate that subjects who completed the program in 

the summer increased their daily activity levels whereas subjects who completed the 

program in the winter decreased their activity levels. This decrease is likely the result of 

exercise avoidance due to a fear of falling while walking on ice and/or snow, with 

multiple participants reporting anecdotally that they avoided walking outdoors. Similar 

findings were reported in a longitudinal study by Tudor-Locke et al., where pedometer 

data was collected for 365 consecutive days to evaluate the natural variability of physical 

activity levels. They reported a significant decrease in step counts during the winter 

months and concluded that in order to accurately estimate average daily step totals per 

year, data should be collected during the spring or fall, or a correction factor should be 

used for the winter data (Tudor-Locke et al., 2004). Therefore, for the current study it is 

difficult to conclude whether the overall lack of a significant difference between average 

daily activity levels for the intake and outtake week was a result of a lack of effect from 

the intervention, seasonal factors, or both. 

Furthermore, it is possible that making the subjects aware that they were wearing 

a pedometer had an impact on physical activity habits, and subsequent pedometer results. 

Previous research has demonstrated that participants increase their daily step totals when 

they are aware that they are being measured, without any instruction to change their 

movement habits (Clemes & Parker, 2009). Since pedometers were issued at the outset of 

the study, activity levels were not measured prior to using the pedometer. Therefore, it 

could not be determined for this study if initial activity levels were higher than normal for 

the participants because of pedometer use. While it was not the purpose of the present 
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study to increase daily activity levels through pedometer use, previous studies have 

shown that when given instruction to increase their daily step counts, pedometers can be 

effective in increasing activity levels in older adults with symptomatic knee OA (Talbot 

et al., 2003). 

7.4 Isokinetic Strength 

 Muscle weakness is one of the earliest and most common symptoms reported by 

patients with knee OA (Hurley, 1999). Weakness in periarticular muscles limits 

functional abilities and the capacity to reduce compressive joint forces (Shelburne et al. 

2006). Multiple studies using strengthening interventions to improve muscle strength in 

the quadriceps and hamstrings muscle groups in knee OA patients have reported 

increases in isokinetic strength (Diracoglu et al., 2005; Rogind et al., 1998). However, 

isokinetic strength changes following walking exercise interventions are rarely reported. 

In the Fitness Arthritis Seniors Trial, 439 adults over age 60 with knee OA were 

randomized into a strength training, aerobic training, or education group for an 18-month 

period. Increases in isokinetic knee flexion strength were reported for both the aerobic 

and strength training group (Ettinger et al., 1997). The results of the current study also 

report significant improvements in isokinetic strength for knee flexion as well as knee 

extension. These findings suggest that walking exercise programs play a functional role 

in improving thigh muscle strength and provide insight into the mechanism for reducing 

pain and improving functional capacity in individuals with knee OA.   

 When compared with normative data presented by Freedson et al. for healthy 

adults, initial strength levels for the study population were in the lowest percentile based 
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on age and gender. However, following the 12-week program, isokinetic strength levels 

had a closer approximation to normative levels, with more individuals scoring in the 50th 

percentile and some reaching the 90th percentile (Freedson, Gilliam, Mahoney, 

Maliszweski, & Kastango, 1993). In a study of 54 subjects over age 50 with radiographic 

knee OA, Maly et al. reported average peak torque levels of 63.8 ± 29.0 Nm for the 

quadriceps and 34.0 ± 20.5 Nm for the hamstrings at 60 degrees/second (Maly et al., 

2006). In the current study, initial strength was similar with 55.6 ± 30.1 Nm and 40.1 ± 

18.7 Nm for the quadriceps and hamstrings respectively. However, following the 12-

week program, strength levels greatly exceeded the findings of Maly et al., with final 

strength levels of 76.7 ± 26.1 Nm for the quadriceps and 59.3 ± 17.6 Nm for the 

hamstrings muscle group. These findings indicate that the study population had initial 

strength levels that were consistent with a knee OA population but below normative 

values for healthy individuals of the same age. However, following the 12-week program, 

strength levels were above average for knee OA patients and deviated less from 

normative levels. Additionally, it is important to consider the effect of obesity when 

comparing relative strength scores. Since relative scores are reported as peak torque/body 

weight (N-m/kg) when two individuals have the same absolute strength levels, the 

individual with more body weight will have a lower relative strength level. Therefore, 

since the study population consists of obese individuals, the relative strength values will 

be lower than relative scores for a normative population with a lower average body 

weight.  

 Relative weakness of the hamstring muscle group can be assessed using a 

hamstring:quadriceps strength ratio (H:Q). In general, a normal H:Q is considered to be ≥ 
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0.6, with lower levels indicating relative hamstring weakness (Segal et al., 2009). For this 

sample population the H:Q was >0.6 for all three speed settings, with an outtake H:Q of 

0.76 ± 0.16, 0.90 ± 0.20, and 0.97 ± 0.26 for the slow, moderate, and fast testing speeds, 

respectively. Since quadriceps weakness is common with knee OA patients (Bennell et 

al., 2008), it is likely that these elevated H:Q scores are due to low relative quadriceps 

strength levels as opposed to high hamstring strength levels. These findings of low 

relative quadriceps strength support the conclusions of a longitudinal study by Segal et 

al., (2009) who found that quadriceps weakness is a better predictor of incident 

symptomatic knee OA than H:Q levels. For this study there was no significant change 

between baseline and outtake H:Q levels. Therefore, since both hamstring and quadriceps 

muscle strength significantly increased, it can be concluded that both muscle groups 

increased equally in strength. These results indicate that participation in a 12-week LBPP 

walking program results in an equal training effect for both hamstring and quadriceps 

muscle strength. 

7.5 Knee OA Symptoms 

 The effect of the 12-week walking program on daily knee symptoms was 

measured using the KOOS questionnaire. The KOOS questionnaire is a widely used 

measure of knee specific complaints that is openly available for public use from the 

website http://www.koos.nu. Instead of determining an overall aggregate score, it is 

recommended to evaluate the scores separately for each of the five subscales (Roos & 

Lohmander, 2003). The KOOS is an extension of the Western Ontario and McMaster 

Universities Osteoarthrtis Index (WOMAC), which is the most commonly used measure 
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of patient evaluated treatment effects for OA (Roos & Toksvig-Larsen, 2003). Since the 

KOOS contains the WOMAC within the questionnaire, studies presenting WOMAC 

results can provide insight into KOOS findings. Multiple studies have evaluated the 

effect of exercise interventions on knee pain and function in patients with knee OA. A 

variety of exercise programs, including physical therapy, quadriceps strengthening, diet 

combined with strengthening exercises, and walking programs have all demonstrated a 

beneficial effect on knee pain and function measured by WOMAC scores (Deyle et al., 

2000; Diracoglu et al., 2009; Evcik & Sonel, 2002; Jenkinson et al., 2009). In the current 

study, significant improvements were recorded for all KOOS subscales following the 12-

week program, indicating that a LBPP walking program is another potential method for 

reducing knee pain and improving knee function. 

 When compared to normative KOOS scores reported by Paradowski et al. (2006) 

the baseline results from the study population are well below average for their age group, 

indicating that the study population experiences more knee pain and symptoms, 

restrictions to ADLs and recreation activities, and a lower perceived QOL than the 

average person in their age group (Paradowski, Bergman, Sunden- Lundius, Lohmander, 

& Roos, 2006). Paradowski et al. presented average KOOS data from 173 subjects 55-74 

years old demonstrating a range of 61.0-88.4 across all KOOS subscales (Paradowski et 

al., 2006). In the current study, average baseline scores across all KOOS subscales ranged 

from only 28-59. This comparison further illustrates the degree of functional impairment 

experienced by obese knee OA population. Even when controlling for age, which is a 

strong risk factor for knee OA severity, obesity has a significant impact on knee-related 

complaints. When comparing the significantly improved outtake scores to the normative 
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data, the KOOS scores for the study population are closer to the norm, but still fall below 

the average scores from the 55-74 age group, with a range of 42-48 across all KOOS 

subscales. 

 It has been reported that functional impairment in older adults increases 

proportionately with BMI (Messier, 2008). For the study population, BMI ranged from 

25.7-51.4 kg/m2. An analysis of the correlation between BMI and KOOS scores revealed 

that QOL was inversely proportional to BMI, but there were no significant relationships 

between the other KOOS subscales and BMI. When the study population was grouped by 

BMI level, no differences were seen in KOOS scores between the groups. These results 

indicate that for an overweight knee OA population, the level of excess body weight has 

little impact on self-reported knee pain and function.  

 The correlation between radiographic and symptomatic knee OA is unclear and 

believed to be fairly modest (Neogi et al., 2009). When the study population was grouped 

by radiographic OA severity comparing Kellgren-Lawrence grade 2 to grade 3 

participants, no difference was found between symptoms measured by the KOOS 

questionnaire. These findings suggest that for obese older adults, there is no perceivable 

relationship between radiographic OA severity and symptom severity. 

 When considering the analysis of the impact of BMI and radiographic OA 

severity on KOOS scores, it is important to note that by subdividing the study population 

into smaller groups, the amount of subjects per group is a fraction of the total sample 

size. This fractioning of the sample size results in a reduction in statistical power for 

these statistical tests, which limits the conclusions that can be drawn from these findings. 
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 Both the KOOS and SF-12 questionnaire collect information relating to physical 

function and pain. Therefore it is expected that there would be a correlation between the 

scores from each questionnaire. For this study sample, significant moderate to strong 

correlations were found between the physical composite score (PCS) of the SF-12 and the 

KOOS subscales with the exception of Sport/Rec. These findings provide further 

evidence for the construct validity of the KOOS questionnaire. These results are 

consistent with the findings of Roos et al., where a moderate correlation was found 

between the KOOS and the SF-36 (Roos et al., 1998). 

7.6 Knee Pain and LBPP 

 In addition to evaluating knee pain using the KOOS questionnaire, acute pain 

levels were measured in response to treadmill walking using the NRS. Knee pain during 

walking was measured with and without LBPP support. Pain during FWB treadmill 

walking was measured to evaluate knee pain levels in a controlled setting without 

augmenting normal compressive joint forces. In order to assess the construct validity of 

this measurement, FWB NRS scores were compared to KOOS pain scores. Significant 

moderate correlations were found between knee pain measured by NRS and by the 

KOOS Pain Subscale for both initial and final scores. Average NRS knee pain for 

participants during FWB walking significantly decreased following the 12-week 

program, with 20% of the study population (five subjects) achieving a pain free status. 

Since none of the participants reported 100% KOOS pain scores, it can be assumed that 

this pain free status was limited to walking, with other activities still causing knee pain. 

Of those five individuals, two had varus, one had valgus, and two had normal joint 
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alignment, indicating that joint alignment was not a predictive factor. However, only one 

of the five subjects had radiographic findings of patellofemoral OA, which may indicate 

that individuals with only tibio-femoral OA are more likely to experience pain free 

walking following an LBPP walking program. These results corroborate findings from 

previous research evaluating the effect of walking interventions on knee pain. A meta-

analysis by Roddy et al. pooled the results from four studies and a total of 449 subjects 

and found a pooled effect size for pain of 0.52 from walking programs (Roddy et al., 

2005). In addition, multiple other studies reported reduced pain scores following a 

walking intervention for knee OA patients (Ettinger et al., 1997; Evcik & Sonel, 2002; 

Messier et al., 1997). 

 For the initial LBPP walking session, an average LBPP level of 17.9% body 

weight was required in order to minimize knee pain. Since the average body weight for 

the study population was 90 kg, 17.9% body weight would be equivalent to 16.1 kg 

reduction in body mass. These results are higher than findings reported by Takacs, where 

an average of 12.3% body weight was required to minimize pain during walking for early 

onset knee OA patients (Takacs, 2011). At the end of the 12-week program, an average 

LBPP level of 8.5% body weight was required in order to minimize knee pain for the 

final LBPP walking session, or an average of 7.7 kg of body weight. These results 

indicate a 47% decrease in the level of LBPP required to minimize knee pain and are 

statistically significant. The decreased requirement for LBPP support was a direct result 

of significantly lower pain levels during walking activities. A strong positive correlation 

between the percentage of LBPP used and knee pain was found for the final LBPP 

session (p < 0.000; r = 0.82), which demonstrates that lower pain levels resulted in lower 
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LBPP requirements. It is possible that the increase in thigh muscle strength reduced the 

requirement for LBPP in order to reduce knee pain during walking. While muscle 

contraction is necessary to accelerate joint motion, most of the muscle activity generated 

during dynamic movement functions to decelerate joint motion by absorbing energy, 

allowing periarticular muscles to act as shock absorbers (Hill, 1960; Lindstedt et al., 

2001). Therefore, an increase in periarticular muscle strength results in an increased 

capacity for dissipation of joint loads, and a reduced requirement for external assistance 

from external forces such as LBPP. Two previous case studies using LBPP percentage as 

an outcome measure have reported a decrease in required LBPP levels by the end of the 

walking intervention for an extremely obese individual and a subject with multiple lower 

leg fractures (Simonson et al., 2011; Takacs et al., 2011). However, no studies to date 

have reported the use of an LBPP walking program for individuals with knee OA.  

 In order to evaluate the effectiveness of LBPP in reducing knee pain during 

walking, pain scores were compared between FWB and LBPP walking sessions. For the 

initial walking sessions, pain during the LBPP session was significantly less than during 

the FWB session. This indicates that at the outset of the study, LBPP was effective for 

providing significant pain relief during walking exercises. This comparison was repeated 

at the end of the 12-week program. Knee pain levels during the final LBPP session were 

lower than during the final FWB session, but this difference was not significant. These 

results indicate that following the 12-week program, LBPP was no longer required to 

minimize knee pain levels during walking. The addition of LBPP had no significant 

effect on pain levels. As a result, these findings suggest that 12 weeks of LBPP walking 
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exercise can improve knee symptoms to a level where obese knee OA patients can walk 

with minimal pain without additional body weight support (i.e. LBPP). 

7.7 Limitations 

 The limitations of this study should be considered when evaluating the significant 

findings and conclusions. Firstly, because the study population was generated from a 

convenience sample of the population there is the potential for sampling bias. Since the 

sample was not randomly selected from the population it may not be representative of the 

target population. However, initial muscle strength levels and average SF-12 scores for 

this sample population were consistent with previous findings for osteoarthritis 

populations (Maly et al., 2006; Gandhi et al., 2001). These findings support the 

assumption that the sample population may be representative of the target population. 

Furthermore, because the study population was restricted to individuals with excess body 

weight, the results are limited in their application to the entire knee OA population. It is 

important to note that individuals with a normal body weight still experience symptoms 

and functional limitations from knee OA. However, it is unknown whether an artificial 

decrease in body weight during walking using LBPP would have any impact on patients 

with a healthy body weight. In addition, the results of this study provide a limited 

explanation of the mechanism for LBPP walking exercise to influence symptom 

improvement. The results indicate that weight loss is not necessary to achieve symptom 

relief and suggest that thigh muscle strength appears to play a role in symptomatic 

benefits. However, the effect of LBPP walking exercise on gait parameters and 

physiological processes within the affected joint tissues is still unclear and requires much 
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further study. Furthermore, this study did not have a true control group for comparison 

with the treatment group. Therefore, the results could have been influenced by a placebo 

effect as a result of the expectations of the participants. However, participants were 

blinded to the amount of LBPP used for each walking session, and each session was 

independent of the prior walking session, so previous pain and LBPP scores did not 

influence future measurements. Also, muscle strength measurements are objective 

evaluations of muscular fitness, and are less likely to be influenced by placebo effects 

compared to subjective measures. However, if there had been a control group there would 

have been additional data that could have been used to provide insight into the CV fitness 

and physical activity (pedometer) findings. While there was no significant change within 

the sample group, it is possible that participation in the 12-week program resulted in 

physical activity and CV fitness levels that would have differed from a control group. For 

example, a control group might experience a larger seasonal effect on pedometer data 

than the intervention group. Lastly, the power analysis for this study indicated a sample 

size of 24 individuals was needed to reach 80% power. The current sample size consisted 

of 25 individuals so we can conclude that there was a 20% chance of committing a type II 

error. It could be argued that 80% power is too low, however nearly all of the outcome 

measures had significant results. Therefore, the risk of reporting no significance when 

there was in fact a difference is not a concern. In addition, in order to increase the power 

and generalizability of these findings, an additional group of subjects are currently 

participating in the study, which will increase the power level to approximately 95%.   
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7.8 Significance and Conclusions 

 The results of this investigation indicate that a walking program using an LBPP 

treadmill can be used to facilitate weight-bearing exercise in an obese knee OA 

population while minimizing knee pain levels. The key findings of this study were as 

follows: 

 A mean level of 17.9% LBPP (i.e. 16.1 kg) was effective in reducing knee joint 

pain during initial walking 

 Regular LBPP walking exercise reduced tibio-femoral joint circumference 

 SF-12 scores were consistent with previous findings for patients with arthritis 

 25 minutes of moderate intensity walking at a frequency of two times per week 

was insufficient for increasing cardiovascular fitness (VO2 max) 

 Strength levels for the quadriceps and hamstring muscle groups increased 

significantly following the 12-week program 

 Significant improvements were found in all KOOS subscales, indicating a 

reduction in knee OA symptoms and improvement in functional abilities 

 Knee pain during walking significantly decreased, with some participants 

experiencing complete pain relief. Pain was reduced to a point where the addition 

of LBPP support was no longer required to reach minimal pain levels 

The G-trainer treadmill has the potential to be a highly effective rehabilitation tool for 

older knee OA patients with excess body weight. Patients can initiate a functional, 

weight-bearing exercise program with minimal pain levels and reduced joint loading. 

LBPP treadmills have a potential application as a tool to gradually progress knee OA 
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patients to full weight-bearing physical activity while minimizing knee pain during 

exercise. 

7.9 Future Directions 

 Currently a follow-up study is underway to determine the long-term effects of 

participation in a 12-week LBPP walking program on knee pain and function. A six-

month follow-up is currently being conducted, with preparations being made for a 12-

month follow-up. In order to gain a more thorough understanding of the applications of 

LBPP treadmill exercise for knee OA patients future research is required to answer the 

following questions: 

 Is LBPP treadmill exercise more effective than other more common low-impact 

exercise tools? Cycle ergometers are easily accessible exercise machines that can 

provide low impact resistance for aerobic exercise. A previous study evaluating 

the use of cycle ergometry for 39 older adults with knee OA found that a ten-

week cycling program reduced knee pain and improved functional performance, 

however thigh muscle strength was not directly measured (Mangione et al., 1999). 

A direct comparison between a cycling and LBPP walking program would 

provide insight for health care practitioners in determining the most effective tool 

for an aerobic exercise intervention in knee OA patients.    

 What is the effect of LBPP treadmill walking on the physiological processes 

within the knee joint? Roos and Dahlberg (2005) reported results of the effect of a 

four-month exercise program on cartilage in patients following a medial meniscus 

resection using MRI imaging. They found that participants in the exercise group 
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exhibited positive adaptive changes in cartilage composition (Roos & Dahlberg, 

2005). Using similar high-resolution MRI technology, we can evaluate the effect 

of LBPP treadmill walking on the pathophysiology of knee OA by measuring 

articular cartilage depth, joint-fluid volume and viscosity, and tissue temperature. 

These results would help provide insight into the effects of exercise on the 

physiological processes within the knee joint and how they influence knee joint 

symptoms.  

 What is the effect of LBPP treadmill exercise on walking mechanics and muscle 

activation patterns for a knee OA population? Both aerobic and strength training 

exercise programs have facilitated improvements in walking mechanics in older 

adults with knee OA (Messier et al., 1997). Furthermore, muscle activation 

patterns during LBPP treadmill exercise do not significantly differ from regular 

land-based exercise (Liebenberg et al., 2011). In order to gain insight into the 

benefits of LBPP walking for knee OA patients, it would be useful to determine 

whether walking mechanics and/or muscle activation patterns are related to 

changes in knee pain during walking exercise. 

 Does LBPP treadmill exercise impact knee symptoms and functional limitations 

in knee OA patients with a healthy body weight? The purpose of LBPP support is 

to facilitate exercise at a fraction of normal body weight. However, for these 

individuals, excess body weight is not a risk factor for eliciting knee OA 

symptoms. It would be important to determine if the beneficial effects of LBPP 

walking exercise carry over to lower risk knee OA individuals.  
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8. APPENDIX 

8.1 Participant Consent Form 

CONSENT TO PARTICIPATE IN RESEARCH STUDY 

 

Title of Study:   The Relationship Between Knee Pain and Body Weight During Walking 
in an At-Risk Population with Knee Osteoarthritis 

 

Principal Investigator:  

   Dr. Jason Peeler PhD., CAT(C) 
Faculty of Medicine, Department of Human Anatomy & Cell Science, 
University of Manitoba, (204) 272-3146 

 

Co-Investigators:       

   Dr. Jeff Leiter M.Sc., PhD. 
   Pan Am Clinic, 75 Poseidon Bay, Winnipeg, (204) 927-2665 
   Dr. Peter MacDonald MD, FRCS(C) 
   Pan Am Clinic, 75 Poseidon Bay, Winnipeg, (204) 925-7480 
 

Date:   January 1, 2011 

 

You are being asked to participate in a research study.  Please take your time to review this 
consent form and discuss any questions you may have with the study staff. You may take your 
time to make your decision about participating in this study and you may discuss it with your 
friends, family or (if applicable) your doctor before you make your decision. This consent form 
may contain words that you do not understand. Please ask the study staff to explain any words or 
information that you do not clearly understand. 

 

1. Purpose of the Study 
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This investigation will examine the relationship between knee pain & body weight in an at-risk 
population with knee osteoarthritis (OA) using a Lower Body Positive-Pressure (LBPP) or “anti 
gravity” treadmill that facilitates unloading of the body during walking. This investigation should 
provide researchers and clinicians with valuable information regarding the role “un-weighted” 
exercise could play in the rehabilitation and long term management of joint pain and deterioration 
associated with mild to moderate knee OA. 

 

2. Time Commitment 

The total time commitment for your participation in the study (outside of your regularly 
scheduled doctors appointments) will be approximately 15 hours. This will include you 
participating in two half hour treadmill walking sessions per week for a total of 12 weeks. 

 

3. Procedures 

For the investigation, approximately 40 participants with “x-ray” confirmed knee OA, aged 35 -
75 years, with a body mass index of greater than 25 kg/m2 will be recruited. Prior to the initiation 
of the treadmill walking program, baseline measurements will be made on: (1) Body 
anthropometry (including height, weight, leg and patellar alignment classification, and calf, knee 
and thigh girth); (2) Cardiovascular (CV) endurance; (3) muscle strength about the knee; and (4) 
knee pain and function associated with full weight bearing treadmill walking. You will then be 
scheduled for 2 treadmill walking sessions per week over a 12 week period (24 sessions total). 
During each treadmill walking session, you will be instructed to walk at a speed of 3.1 miles/hour 
at 0º incline for a period of no longer than 25 minutes. Walking sessions will be done on a newly 
designed “anti gravity” treadmill. The treadmill utilizes an enclosed air chamber that can be 
inflated and/or deflated to modify body weight while walking. When the air chamber inflates, 
there is an increase in air pressure that lifts you upwards at the hips, opposing the downward force 
of gravity (“anti-gravity” force). This “anti-gravity” force can be used to reduce body weight by 
as much as 80% thereby significantly decreasing joint loads about the knee while you walk. The 
amount of “anti-gravity” force used may vary by participant and walking session. Following the 
completion of your 12 week un-weighted walking program, you will have your baseline 
evaluation repeated.  

Administration of initial intake forms, treadmill walking sessions and post treadmill 
questionnaires will be done by a graduate student supervised by the Study Coordinator. 
Participants will be asked to report on their knee pain both during and after the treadmill walking 
sessions. Prior to walking on the treadmill, participants will be asked to complete the following 
forms: 

 Knee x-rays (radiology report to identify the stage of knee OA) 
 Patient Information form 
 Knee Demographic form 
 Knee injury and Osteoarthritis Outcome Score (KOOS) 

Once per week, all participants will be asked to complete the following form: 

 Knee injury and Osteoarthritis Outcome Score (KOOS) 
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In order to measure activity levels, participants will wear an accelerometer for 5-7 consecutive 
days every week during all waking hours, except during water activities, for the duration of the 
study. The accelerometers will be attached to a belt worn around the waist. 

 

4. Discomfort and Risk 

You may feel slight discomfort while walking on the treadmill, but this should be no more painful 
than what you experience during everyday activities such as walking. 

 

5. Benefits 

By participating in this study, you will be providing information to the study doctors that will 
allow them to better understand the role that body weight plays in causing knee pain in an 
osteoarthritic population. Beyond this, there may or may not be direct medical benefit to you 
from participating in this study.  

You are not waiving any of your legal rights by signing this consent form nor releasing the 
investigator(s) or the sponsor(s) from their legal and professional responsibilities. 

 

6. Compensation 

You are participating in this study on a volunteer basis, and all clinic and professional fees, 
diagnostic and laboratory tests that will be performed as part of this study are provided at no cost 
to you. There will be no cost for the study assessment that you will receive. 

 

7. Confidentiality 

Information gathered in this research study may be published or presented in public forums; 
however your name and other identifying information will not be used or revealed. Medical 
records that contain your identity will be treated as confidential in accordance with the Personal 
Health Information Act of Manitoba.  Despite efforts to keep your personal information 
confidential, absolute confidentiality cannot be guaranteed. Your personal information may be 
disclosed if required by law.  All study documents related to you will bear only your assigned 
patient number (or code) and /or initials. 

The University of Manitoba Health Research Ethics Board may review research-related records 
for quality assurance purposes.   

All records will be kept in a locked secure area and only those persons identified will have access 
to these records.  If any of your medical/research records need to be copied to any of the above, 
your name and all identifying information will be removed.  No information revealing any 
personal information such as your name, address or telephone number will leave the Pan Am 
Clinic. 

 



112 
 

8. Voluntary Participation/Withdrawal from the Study 

Your decision to take part in this study is voluntary. You may refuse to participate or you may 
withdraw from the study at any time. Your decision not to participate or to withdraw from the 
study will not affect your care at this centre. If the study staff feel that it is in your best interest to 
withdraw you from the study, they will remove you without your consent. 

We will tell you about any new information that may affect your health, welfare, or willingness to 
stay in this study. 

 

9. Medical Care for Injury Related to the Study 

In the case of injury or illness resulting from this study, necessary medical treatment will be 
available at no additional cost to you. If you should become physically injured as a result of any 
research activity, the study doctor will provide any necessary treatment, at no charge, to help you 
promptly recover from the injury. 

You are not waiving any of your legal rights by signing this consent form nor releasing the 
investigator(s) their legal and professional responsibilities. 

 

10. Questions 

You are free to ask any questions that you may have about your treatment and your rights as a 
research participant. If any questions come up during or after the study or if you have a research-
related injury, contact the study doctor Dr. Jason Peeler at (204) 272-3146 and/or the study 
coordinator Dr. Jeff Leiter at (204) 927-.2665. For questions about your rights as a research 
participant, you may contact The University of Manitoba, Bannatyne Campus Research Ethics 
Board Office at (204) 789-3389  

Do not sign this consent form unless you have had a chance to ask questions and have received 
satisfactory answers to all of your questions. 

 

Results of the Study 

All individuals who participate in this study are eligible to receive information on the outcomes 
of the study, via a 1 page synopsis of the key findings of the research. If you would like to receive 
information on the results of this study please state your mailing address below: 

 

Address: __________________________________________________________ 

City:  __________________________________________________________ 

Postal code:  _________________________________________________________ 

Email:     ______________________________________________________________ 
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Statement of Consent: 

I have read this consent form. I have had the opportunity to discuss this research study with Dr. 
Jason Peeler or Dr. Jeff Leiter and/or his study staff.  I have had my questions answered by them 
in language I understand.  The risks and benefits have been explained to me. I believe that I have 
not been unduly influenced by any study team member to participate in the research study by any 
statements or implied statements.  Any relationship (such as employer, supervisor or family 
member) I may have with the study team has not affected my decision to participate.  I 
understand that I will be given a copy of this consent form after signing it.  I understand that my 
participation in this study is voluntary and that I may choose to withdraw at any time.  I freely 
agree to participate in this research study.   

I understand that information regarding my personal identity will be kept confidential, but that 
confidentiality is not guaranteed.  I authorize the inspection of any of my records that relate to 
this study by The University of Manitoba Research Ethics Board for quality assurance purposes. 

By signing this consent form, I have not waived any of the legal rights that I have as a participant 
in a research study. 

I agree to being contacted in relation to this study. Yes �      No �  

 

Participant signature___________________________ Date _____________ 

                 (day/month/year) 

Participant printed name: _______________________ 

 

I, the undersigned, have fully explained the relevant details of this research study to the 
participant named above and believe that the participant has understood and has knowingly given 
their consent 

 

Printed Name: ________________________ Date ___________________ 

             (day/month/year) 

Signature: ____________________________ 

Role in the study: ____________________________  

Relationship to study team members:_______________________ 
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8.2 12- Item Short-Form Health Survey (SF-12) 

.
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8.3 Knee Injury and Osteoarthritis Outcome Score 

(KOOS)
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8.4 Numeric Rating Scale (NRS) 
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8.5 Research Summary Page for Study Participants  
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