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ABSTRACT 

The knee is the joint which is most affected by osteoarthritis (OA). Knee OA is more 

common in older individuals and occurs more in the medial than the lateral compartment. 

When we stand, walk or climb stairs, our weight is transmitted through our knee joints 

and this is known as load which is higher in individuals with medial knee OA than 

healthy counterparts. Additionally, muscle weakness is a factor in medial knee OA and 

previous work has demonstrated increased muscle co-contraction in these patients. In this 

thesis we assessed the loading on the knee joint and muscle co-contraction after wearing 

an assistive device (a valgus knee brace) which is a common treatment in this disease. 

Whilst previous literature has demonstrated changes in loading with valgus knee braces 

during over-ground walking, no studies (to date) have assessed the effect of valgus knee 

braces on knee loading and muscle co-contraction during ascending and descending stairs 

immediately, and after a period of use. In addition, it is an un-documented opinion that 

knee bracing affects muscle strength and control around the knee and weakens the joint 

so this research also aimed to confirm or refute this theory. To accomplish the research, 

we performed three separate trials; a) a repeatability trial in seven patients to determine 

the reliability of the outcome  measures for the future study; b) a clinical trial of fifteen  

individuals with medial knee OA would wore a valgus knee brace for a period of three 

months with an interim assessment at six weeks for pain and muscle strength/function; c) 

finally, a small pilot study of seven patients investigating combined orthotic treatments  

on biomechanical outcome measures. In summary the results of this thesis have 

demonstrated positive biomechanical and clinical outcomes when wearing a valgus knee 

brace for a sustained period. This was further improved biomechanically with the 

combination treatment with a lateral wedge insole which reduced knee loading more 

during stair ascent and descent, in comparison to the orthotic devices alone in the same 

session. Future studies to find out the effect of a combination of an off-the-shelf valgus 

knee brace and off-the-shelf lateral wedge insole on knee loading, clinical and 

radiological outcomes after a period of longer wear were indicated.



1 

CHAPTER ONE 

INTRODUCTION 

Osteoarthritis (OA) is the most common degenerative joint disease and a leading cause of 

musculoskeletal disability in most developed countries (Jones et al., 2004). In the United 

Kingdom (UK), approximately 8.5 million people have been affected 

(www.nhs.uk/Conditions/Arthritis/Pages/Introduction.aspx). Traditionally, OA has been 

only associated with the elderly, but up to third of the population over the age of 45 years 

complain of symptoms related to OA.  

The knee joint is the most common joint affected by OA, and is perhaps the most 

important site with regards to pain and disability affecting some 30 – 40 % of the 

population by the age of 60 (Felson. 1990, Lawrence et al., 1998). Symptomatic knee OA 

occurs in approximately 6% of adults, 30 years of age and older, and in 11% of adults, 65 

years of age and older (Guccione et al., 1990). In the UK, 20-28% of the population aged 

40 years and above has knee pain of which 50% will develop knee OA (Peat et al., 2001). 

OA of the knee and of the hip probably have a greater social cost and more associated 

disability than osteoarthritis of other joints, with the knee being the greater of the two. 

Knee OA is one of the leading health burdens, given that in the UK; around 25% of the 

populations aged over 65 years have knee osteoarthritic changes resulting in major 

economic costs (Jinks et al., 2004; Bijlsma and Knahr, 2007). 

Knee OA is a widespread disease that contributes significantly to functional limitations 

and disability in older people. Pain, loss of motion, and decreased quadriceps femoris 

muscle strength are physical impairments that accompanying with knee OA (Kelley et al, 

2002). 

The etiology of knee OA is multifactorial and includes both systemic (age, sex, racial 

characteristics, genetics, etc) and local factors (degree of joint loading, joint injury, 

increased WB on account of obesity, joint deformity, etc) affecting the likelihood of OA 

development in a joint. For instance, obesity is very common and widespread in Saudi 

population and this problem may have contributed to the Kingdom of Saudi Arabia 
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(KSA) having one of the highest prevalences of Knee OA in the world (Al-Arfaj, 2002).  

The radiological and clinical changes which are related to OA are more commonly 

observed in the medial compartment than in the lateral compartment of the knee (Thomas 

et al., 1975) with a ratio of up to 4 (Ledingham et al., 1993), five (Felson et al., 2002) and 

ten (Ahlback, 1968) times. Varus alignment increased the risk of medial compartment 

OA progression in knee OA, which suggests that the degree of the external knee 

adduction moment (EKAM) correlates with radiographic joint space narrowing of the 

medial compartment (Sharma et al., 2001). 

One of the reasons for this greater incidence of medial compartment OA is that the loads 

transferred through the medial compartment during walking are substantially higher than 

loads transferred through the lateral compartment. The distribution of loads transferred 

through the medial and lateral compartments during walking can be estimated by EKAM; 

a higher EKAM indicates greater loads in the medial than in the lateral compartment 

(Mündermann et al. 2005). 

During walking, the peak  external knee adduction moment (EKAM) is a strong predictor 

of presence (Baliunas et al., 2002), severity (Henriksen et al., 2010;, Mündermann et al., 

2004; Mündermann et al., 2005), and the rate of progression (Miyazaki et al., 2002) of 

medial knee OA, and can be reliably assessed during walking (Birmingham et al., 2007). 

EKAM was found to be higher in all severities  of knee OA when compared to healthy 

participants during early-stance (Kaufman et al., 2001; Hurwitz et al., 2002; 

Mündermann et al., 2005; Thorp et al., 2006; Rudolph et al., 2007; Huang et al., 2008). 

Stair climbing is a common and frequent activity in daily living and demanding 

locomotor task, compared to walking on level ground, a greater range of motion in the 

lower limbs joints (hip, knee and ankle), increased lower limb muscular activities, and 

around six times more load on the knee joint (Andriacchi et al., 1980). 

Whilst the EKAM represents a single point in time, the  knee adduction angular impulse 

(KAAI) is a frequent outcome measure used in that  it assesses the load on the medial 

compartment during the whole of stance phase (Thorp et al., 2006). The KAAI has been 

found to be a sensitive method in detecting the load on the knee between mild and 
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moderate knee OA, and it significantly higher in moderate knee OA compared to mild 

OA, while the peak of EKAM did not change significantly between mild and moderate 

knee OA during early-stance (Thorp et al., 2006; Kean et al., 2012). 

Another factor which has been attributed to increased loading on the medial compartment 

is the presence of muscle co-activation or co-contraction (as referred to hereafter) which 

is the synchronized activity of synergistic muscles (agonist and antagonist) (Sirin and 

Patla, 1987), which take part in creating moments of force around a joint during dynamic 

tasks (Nigg et al., 2003). Muscle co-contraction has been found to be increased, when 

utilizing electromyography (EMG) in gait studies of knee OA when compared to 

asymptomatic subjects (Childs et al., 2004; Lewek et al., 2004; Hubley-Kozey et al., 

2006). Both medial (Lewek et al., 2004; Lewek et al., 2006) and lateral muscle co-

contraction indices (Schmitt and Rudolph, 2007) have been documented to increase in 

OA patients compared with control subjects. 

Good muscle strength is needed in order to support these excessive loads, Patients with 

knee OA have shown decreases in quadriceps strength and activation (Wessel, 1996; 

Fisher and Pendergast 1997; Hurley et al., 1997; O’Reilly et al., 1998) and impairments 

in knee joint proprioception. However, there is no association between quadriceps 

strength and EKAM even when an increase in strength was seen (Thorp et al. 2010). 

However, these deficits in strength and coordination (Fisher and Pendergast, 1997; Pai et 

al., 1997; Sharma et.al., 1997) are associated with the ageing process and might lead to 

larger impairments in balance compared with age matched healthy group (Hassan et al., 

2001; Hinman et al., 2002). Therefore, assessment of dynamic balance using a method 

such as the Star Excursion Balance Test (SEBT), which is an inexpensive and quick 

method of assessing dynamic balance, with good reliability (Hertel et al., 2000; Kinzey 

and Armstrong, 1998, Al-Khlaifat, 2012), would determine the influence of increases in 

muscle strength. 

Given that mechanical loads (EKAM, muscle co-contraction and muscle strength) play a 

role in the development and progression of medial knee OA, it is important to investigate 

ways of decreasing these loads or redistributing these to relieve stress on the underlying 

articular cartilage.  
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In the management of knee OA, surgical intervention of the condition has a good success 

but is of great expense to the NHS and has a large impact on the individual in terms of 

recovery time and functional independence. There are other surgical options such as High 

Tibial Osteotomy (HTO) and Unicompartmental Knee Replacement (UKR) which other 

than the expense, there are some individuals who may not be suitable for surgery (too 

young) or do not want surgery. Therefore, conservative management should be at a 

forefront of the treatment for individuals with medial knee OA. 

There are different conservative management techniques for medial knee OA ranging 

from pharmacological to exercise based treatments to biomechanical orthotic treatments. 

Non-Steroidal Anti-Inflammatory Drug (NSAID) treatment in patients with knee OA 

results in a reduction in symptomatic pain but there is a paradoxical increase in loading of 

the knee in patients with medial knee OA; therefore, care should be taken in the use of' 

pharmaceuticals directed at reducing pain (Hurwitz et al., 2000, Sum et al., 1997).  

The exercise studies have shown good changes clinically but no changes in EKAM 

(Gaudreault et al., 2001). However, muscle co-contraction between vastus lateralis and 

biceps femoris was significantly reduced in early and mid-stance on the affected side (Al-

Khlaifat. 2012). 

There are other conservative management strategies which could potentially be used by 

individuals with medial knee OA in order to directly influence the EKAM and the load 

distribution in the knee joint by altering gait patterns. 

One such treatment is a lateral wedge insole which in theory everts the foot to provide a 

valgus moment at the ankle. This resulting valgus moment causes the centre of pressure 

in the foot to shift laterally, thereby reducing the EKAM during walking (Sasaki and 

Yasuda, 1987, Pazit et al., 2010).  Whilst biomechanical studies have shown consistent 

reductions (Jones et al., 2013, Hinman et al., 2008), there is controversy in whether the 

treatments offers significant pain reductions over flat non-wedged insoles (Baker et al., 

2007, Parkes et al., 2013).  

Valgus unloader braces are another option and are classed as a direct orthotic 

management strategy in that they apply a three-point-pressure directly to arthritic knees 



5 

(Reeves, & Bowling, 2011) and theoretically give pain reduction by decreasing the load 

on the medial compartment through the application of an opposing external valgus 

moment about the knee. A total of 33 studies from 1996 to 2014 have investigated the 

efficacy of valgus unloader braces in individuals with knee osteoarthritis patients for 

different periods varying from one day to 12 months duration. These studies have found 

improvements in pain, physical function, decreasing muscle co-contraction, improvement 

in hamstrings strength and improvements in kinematic and kinetic data. However, these 

outcome measures are from different studies utilising different valgus unloader braces 

studies and therefore a study needs to assess all of these outcome measures in one 

complete study. 

Additionally, the majority of the  previous studies have looked at the immediate effect of 

valgus knee braces on knee loading (Lindenfeld et al., 1997; Draganich et al., 2006; 

Gaasbeek et al., 2007; Fantini Pagani et al., 2010; Toriyama et al., 2010; Karimi et al., 

2012), muscle co-contraction (Ramsey et al., 2007; Fantini Pagani et al., 2012), muscle 

strength (Hurley et al., 2012) and balance (Birmingh et al., 2001; Chuang et al., 2007) 

rather than after a period of time wearing the device. There have been no  studies which 

have investigated the effect of a period of wearing the valgus knee brace on knee loading 

(EKAM) which has a strong relationship with improvement in pain(Otis et al., 1996; 

Lindenfeld et al., 1997; Matsuno et al., 1997; Hewett et al., 1998; Kirkley et al., 1999; 

Komistek, et al., 1999; Draper et al., 2000; Pollo et al., 2002; Nicholas J. Giori 2004;  

Richards et al., 2005; Draganich  et al., 2006; Brouwer et al.,  2006; Gaasbeek et al., 

2007; Ramsey et al., 2007;  Ramsey and Russell 2009; Schmalz et al., 2010; Müller-Rath 

et al., 2011; Wilson et al., 2011; Hurley et al., 2012; Deie et al., 2013), function, balance, 

proprioception and muscle strength. However, all studies have reported that a valgus knee 

brace can potentially decelerate disease progression in patient with knee OA. It is also not 

known whether any carry-over effects are seen after using the brace for a period of time 

when not wearing the brace. This is important in terms of practical treatment applications 

as it would allow the individual to not use the valgus knee brace for a short time and still 

feel the benefits of the valgus knee brace. 
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All of the studies aforementioned have assessed walking and in terms of daily activities, 

individual’s with medial knee OA rate stair climbing as a more difficult task 

biomechanically and physiologically, when compared to walking on level ground (Yu et 

al., 1997a, Protopapadaki et al., 2007, Riener et al., 2002). To the author’s knowledge, 

there are no studies that assess the effect of a valgus knee brace on EKAM and muscle 

co-contraction whilst ascending and descending stairs immediately and after a period of 

time.  

The objectives of this thesis were therefore to determine three aspects in individuals with 

medial knee OA; firstly whether a valgus knee brace reduces the EKAM over a period of 

3 months both with the brace on and with the brace off; secondly, to determine whether a 

valgus knee brace reduces pain and alters  muscle strength/function over a period of 3 

months with an interim assessment at six weeks; and thirdly to determine whether a 

valgus knee brace alters muscle co-contraction over a period of 3 months wear. 

The structure of the thesis will firstly review the existing literature linked to knee OA, the 

external knee adduction moment, and valgus knee braces to demonstrate the novelty and 

aim to fill the gap from previous literature. Following this the reliability study will be 

presented including the gait analysis methods, followed by the main UNLOAD (the 

effectiveness of valgus knee bracing in subjects with medial knee osteoarthritis) study 

with a final future studies and conclusion chapter.  
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CHAPTER TWO 

LITERATURE REVIEW 

 

2.1 Definition of osteoarthritis 

Osteoarthritis (OA) is the most common degenerative joint disease and a leading cause of 

musculoskeletal disability in most developed countries (Jones et al., 2004). The term 

osteoarthritis defines a common, age-related, heterogeneous group of disorders 

characterised pathologically by progressive loss of articular cartilage in synovial joints, 

associated with varying degrees of new bone (osteophyte formation), increased 

subchondral plate thickness, and synovitis (Dieppe et al., 2005). Additionally, OA 

characterised pathologically by joint space narrowing of joint space width which 

contributes to muscles weakness around the affected joint, capsular and ligamentous 

laxity and following joint deformity and instability (Cooke et al., 1994). The clinical 

symptoms of OA include inflammation, pain, swelling, joint stiffness and joint 

dysfunction (Kean et al., 2004). 

2.2 Incidence of osteoarthritis 

In the United Kingdom (UK), approximately 8.5 million people are affected 

(www.nhs.uk/Conditions/Arthritis/Pages/Introduction.aspx) by osteoarthritis. In the 

United States of America (USA) approximately 27 million adults have clinical 

osteoarthritis (up from the estimate of 21 million for 1995) (Lawrence et al., 2007). 

Ttraditionally, OA was only associated with the elderly, but up to a third of the 

population over the age of 45 years complain of symptoms related to osteoarthritis. The 

incidence of osteoarthritis increases with age (Buckwalter et al, 2004). The sex 

differences play a role in the prevalence of OA (Felson et al., 1995). 

Although hip and knee OA are common in OA, the knee is the most common joint 

affected, and is perhaps the most important site with regards to pain and disability 

affecting 30 – 40 % of the population by the age of 60 (Felson. 1990, Lawrence et al., 
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1998). The ankle OA developed secondary to trauma, (ankle ligament injury, tibial 

plafond fractures, and mostly malleolar fractures) but Primary OA in the ankle joint is 

rare (Valderrabano et al., 2009) 

Incidence of knee OA 

The World Health Organization (WHO) has reported that knee OA is the fourth most 

common cause of disability in women and the eighth in men (Vad et al., 2002). Males 

have a significantly reduced risk for prevalent OA in the knee compared to females 

(Felson et al., 1995), particularly those females ≥55 years, are more likely to have more 

severe OA in the knee particularly after menopausal age (Srikanth et al., 2005).  

Symptomatic knee OA occurs in approximately 6% of adults 30 years of age and older 

and in 11% of adults 65 years of age and older (Guccione et al., 1990). The prevalence of 

knee OA radiographically in adults aged ≥45 was 19.2% in Framingham and 27.8% in 

Johnston County, and the prevalence among adults age ≥60 was 37.4% in the NHANES 

III study (Dillon et al., 1991-1994). The prevalence of symptomatic knee OA was 4.9% 

among adults age ≥26 years in the Framingham study (Felson et al., 1987), 16.7% among 

adults age ≥45 in the Johnston County study (Jordan et al., 2007), and 12.1% among 

adults aged ≥60 in the NHANES III study (Dillon et al., 1991-199). 

Joint damage is caused by a mixture of systemic factors that predispose to the disease, 

and local mechanical factors that dictate its distribution and severity. Osteoarthritic joint 

damage might be accompanied with clinical problem however the radiographic severity 

of joint damage is weakly related to that clinical problem. Therefore, the associations and 

pathogenesis of pain need further investigation. Subchondral bone and synovium may be 

responsible for nociceptive stimuli, and peripheral neuronal sensitisation is an important 

feature, and can result in normal activities (such as walking) producing pain. Central pain 

sensitisation can also happen, and psychosocial factors are important causes of pain 

severity (Dieppe et al., 2005). 

In the UK, 20-28% of the population aged 40 years and above has knee pain of which 

50% will develop knee OA (Peat et al., 2001). Prevalence rates for knee OA, based on 

population studies in the USA, are comparable to those in Europe. These studies report 
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that severe radiographic changes affect 1% of people aged 25–34 and this figure 

increases to nearly 50% in those 75 years and above (Litwic et al., 2013). Studies from 

China, which used similar methods and definitions to the Framingham Study, found that 

the prevalence of bilateral knee OA and lateral compartment disease were two to three 

times higher in Chinese cohorts compared with estimates from the Framingham OA study 

(Kang et al., 2009). Data on clinically diagnosed knee OA in the Community Oriented 

Program for Control of Rheumatic Disorders (COPCORD) studies in the Asian region 

showed that the prevalence within this area ranged from 1.4% in urban Filipinos to 19.3% 

in rural communities in Iran (Haq et al., 2001). One of the major reasons for this 

difference might have been the physical and socioeconomic environment. The 

COPCORD studies were conducted in India, Bangladesh and Pakistan investigating 

differences between rural and urban populations. In India the crude prevalence of 

clinically diagnosed knee OA was greater in the urban (5.5%) than those in the rural 

community (3.3%). The prevalence was higher in rural communities after adjusting for 

age and sex distribution (Haq et al., 2001). Also, in China, men aged 60 and above from a 

rural community demonstrated approximately double the prevalence of symptomatic 

knee OA when compared with their urban counterparts (Kang et al., 2009). 

From a personal perspective, being a Kingdom of Saudi Arabia (KSA) citizen, KSA has 

one of the highest prevalences of knee OA in the world. 300 patients randomly were 

chosen from 14 primary health cares for different medical conditions. Radiographic OA 

was seen in 81 out of 133 females (60.9%) and in 89 out of 167 males (53.3%). The 

patella was involved with radiographic osteoarthritic changes in 80.7% and 87.8% of 

female and male OA patients, respectively (Al-Arfaj & Al-Boukai, 2002). 

2.3. Burden and cost of knee OA 

OA of the knee and of the hip probably have a greater social cost and more associated 

disability than osteoarthritis of other joints, with the knee being the greater of the two. 

Knee OA is one of the leading health burdens, given that in the UK; around 25% of the 

population aged over 65 years have knee osteoarthritic changes resulting in major 

economic costs (Jinks et al., 2004; Bijlsma and Knahr, 2007). Recent reports conducted 

by Arthritis Care found approximately 8.5 million of the UK population have OA, which 
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is estimated to cost 1% of the annual Gross National Product (Arthritis Care, 2012) of the 

UK. The costs included physician and allied health professionals’ visits and hospital as 

direct costs, whereas inabilities to work are classed as direct costs (March and 

Bachmeier, 1997). In UK, the rate of knee replacements tripled during the period of 1991 

and 2006 (Culliford et al., 2010). In 2004 alone, the cost for knee replacement in the US 

was $14.6 billion (Kim, 2008). This cost does not including pain management, loss of 

work due to disability, and various treatment options such as physiotherapy and revision 

surgery. The economic burden of OA is increasing; 54% more knee replacements were 

performed in 2004 compared with 4 years earlier, and this number is estimated to 

increase to 1.4 million by 2015 (Kim, 2008). In view of the increasing health burden and 

prevalence of OA developing, there is an urgent need to understand the natural cause of 

knee OA in order to find preventative and effective therapies and reduce risk factors for 

both the incidence and progression of knee OA. 

 

2.4. Diagnosis of knee OA 

OA has been classified by the joint involved (hip, knee, hand, spine and others) and by 

whether it is primary (idiopathic) or secondary (caused by metabolic, anatomical, 

traumatic or inflammatory conditions). Primary generalised OA includes involvement of 

the distal and proximal inter-phalangeal joints of the hand, the first carpo-metacarpal 

joint, knees, hips, and the metatarsophalangeal joints.  

Radiological findings showed that in approximately 5% of the population aged between 

35 and 55 years knee OA has been indicated (Thorstensson et al., 2004). These changes 

range from the presence of only osteophytes in the early stages up to joint space 

obliteration. The Kellgren and Lawrence (KL) grading system (Kellgren and Lawrence, 

1963) is widely used to classify radiographic osteoarthritis into five grades (KL 

Radiographic score: grade 0: no features (normal); grade 1: doubtful narrowing of joint 

space and possible osteophytic lipping; grade 2: mild: definite osteophytes and possible 

narrowing of joint space; Grade 3: moderate: multiple osteophytes, definite narrowing of 

joint space, some sclerosis and possible deformity of bone contour. Grade 4: severe: large 

osteophytes, marked narrowing of joint space, severe sclerosis and definite deformity of 
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bone contour). It might be argued that KL grade 1 should not really be considered as 

osteoarthritis, because it is of limited clinical importance and the relevance of 

osteophytes in the osteoarthritic process is not clear (Thorstensson et al., 2004). However, 

KL grade 1 is clearly associated with progression of radiographic features five years later 

and therefore should be treated as an early phase of the disease (Hart and Spector, 2003) 

(Figure 2-1). 

Knee OA is classified as Primary OA or secondary OA. Knee OA is a degenerative 

disease that characterized by softening, ulceration of the articular cartilage, osteophytes 

formation, and subchondral sclerosis (Huch et al., 1997) which leads to narrowing of 

knee joint space width. A clinical diagnosis of knee OA is depend on radiographic 

evidence joined with the incidence of pain in the knee joint (Felson et al., 2000a, 

Miyazaki et al., 2002). 

The first clinical symptoms stated by patients with knee OA are pain, quadriceps 

weakness, joint instability and functional limitation (Hurley et al., 1997, Felson et al., 

1997). 

Knee OA can be described depending on the side of the knee joint affected, in to three 

sides, inside (medial tibiofemoral compartment), outside (lateral tibiofemoral 

compartment) and anterior (the patellofemoral compartment). 

The changes which are related to OA are more commonly observed in the medial 

compartment than in the lateral compartment of the knee (Thomas et al., 1975) with a 

ratio of up to 4 (Ledingham et al., 1993), five (Felson et al., 2002) and ten (Ahlback, 

1968) times. These can be related to structural and dynamic factors which will be 

discussed later.  
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Figure 2-1: Knee OA, Left - grade II, Right - grade III (Photos source: synoviscone.com) 

2.5. Risk factors for knee OA 

The etiology of knee OA is multifactorial and includes both systemic and local factors 

affecting the likelihood of OA development in a joint. The systemic factors (age, sex, 

racial characteristics, genetics, etc) establish the foundation for cartilage properties but 

that the local biomechanical factors (degree of joint loading, joint injury, increased body 

weight on account of obesity, joint deformity, etc) have a crucial influence on the final 

qualities of articular cartilage, its wellbeing, or breakdown. Thus, local biomechanical 

factors determine the site and severity of OA (Haara et al. 2003; Cooper et al 2000; 

Felson et al. 2000). The systemic and local biomechanical factors will be discussed 

briefly. 

2.5.1. Systemic Factors 

a- Age: 

The prevalence of knee OA increases with age throughout the elderly years (Felson et al., 

1987; Buckwalter et al., 2004). Up 50 % of people aged 50 and over denote having knee 

pain during a year, and 25 % of people have severe and disabling knee pain (Jinks et al., 

2004). 

 

 

http://www.synviscone.com/about-knee-osteoarthritis.aspx
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b- Sex: 

Knee OA is more common in women over the age of 50 (Kohatsu and Schurman, 1990; 

Felson 1993) and in men before 50 (Felson et al., 2000). In addition, knee OA is more 

frequent in men below 45 years and women over 55 years (Silman and Hochberg, 2001). 

c- Hormone effect: 

Oestrogen regulates bone metabolism, and OA increases in women dramatically in the 

years after menopause due to deficiency of Oestrogen hormone (Nevitt and Felson, 

1998). Pre-menopausal women have greater risk of OA development as the hormone 

rises bone mass, which increases the load on the cartilage (Nevitt and Felson, 1996). 

d- Racial characteristics:  

Risk of OA is greater among African American (Black) as compared with non-Hispanic 

White women (Kington & Smith, 1997; Felson & Zhang, 1998). Chinese and black 

women have a great incidence of knee OA compared to white women (Anderson and 

Felson, 1988; Zhang et al., 2001). 

e- Vitamin deficiency:  

Subclinical deficiency of vitamin K was related with higher risk of progressing 

radiographic knee osteoarthritis and Magnetic resonance imaging (MRI)-based cartilage 

lesions (Misra et al., 2013). Studies have shown that low serum levels or low dietary 

intake of vitamin D may have important effects on knee OA development in patients with 

low body mass index (BMI) (Mcalindon et al., 1996). 

f- Biochemical markers:  

Bone turnover markers (serum Osteocalcin (OC) and C-telopeptide of type I collagen 

(CTX-I)) were decreased and cartilage and synovial tissue turnover increased in patients 

with knee OA compared with controls and these markers are good for identifying 

progression and assessing therapeutic response in OA due their faster response (Garnero, 

2001). The presence of cartilage oligomeric matrix protein in the synovial fluid and urine 

would detect those at higher risk of progression knee OA (Felson et al., 2000). 

 



14 

g- Bone density:  

OA and Osteoporosis (low bone density) are inversely related (Hart et al., 1994). 

Osteoporosis reduces the risk of knee OA, but having osteoporosis in already arthritic 

joints might be increase the development of the disease (Bettica et al., 2002). Bone 

mineral distribution of the proximal tibia is affected by the local mechanical stress around 

the knee with medial compartment OA (Wada et al. 2001).  

2.5.2. Biomechanical factors 

a- Obesity: 

Obese people are obviously at increased risk of progression knee OA (Cooper et al., 

2000, Gelber et al., 2000, Felson, 2004); for each 2 pounds increment in body weight the 

risk of having knee OA increases by 9-13% (Cicuttini et al., 1996). Obese people are 

more likely to progress to bilateral Knee OA (Spector, 1994). But, being overweight 

increases the loading on the knee joint; in single-limb stance phase, if the weight 

increases by 1 pound, the force through the knee will be enlarged by 2-3 pounds, which 

may leading to cartilage breakdown, ligamentous malfunction and knee instability 

(Felson et al., 2000a). This association may clarify the reason of pain decrease and 

physical improvement in patients with knee OA after they lose weight (Zhang et al., 

2009). Obesity is very common and widespread in Saudi population and this problem 

may have contributed to the Kingdom of Saudi Arabia (KSA) having one of the highest 

prevalence of Knee OA in the world (Al-Arfaj., 2002).   

b- Muscle weakness:  

Quadriceps and gluteus medius muscle weakness, clinically, are consistently found in 

patients with knee OA (Slemenda et al., 1998; Chang et al., 2005).  Increases of 

quadriceps muscles strength is linked with a reduced risk for incident symptomatic knee 

OA (Segal and Glass, 2011).  

c- Previous lower limb injury: 

A greater incidence of radiographic knee OA was detected in young women who had an 

ACL tear through playing soccer 12 years earlier (Lohmander et al., 2004). Most of the 
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individuals who have an acute ACL tears are less than 30 years old, which leads to early 

onset knee OA between ages 30 and 50 during work and life (Friel and Chu, 2013). 

d- Repetitive joint stresses: 

Activities which involve repetitive squatting and bending positions during work are a risk 

factor of incident knee OA (Cooper et al., 1994, Coggon et al., 2000; Gaudreault et al., 

2012). Knee OA had the highest incidence in men whom participated in sport and had 

physically demanding jobs showing the increased loading that was being transmitted 

through the knee joint (Sandmark and Vingard, 1999) 

e- Malalignment:  

From plain radiographs a strong association between Varus and valgus malalignment of 

knee joint and increased risk of developing and progression of medial and lateral knee 

OA was seen (Sharma et al., 2001). Varus knee alignment has been stated as one of the 

greatest predictors of a high knee adduction moment (Barrios et al., 2011) which has been 

proposed to be a risk factor in progression of medial knee OA and will be discussed later 

in the chapter. However, healthy knees have displayed a varus alignment (1.5 ± 2°) in 

their lower extremities (Moreland et al., 1987) but individuals with larger varus 

alignments (7.2 ± 4.8°) are considered to have a varus malalignment (Cooke et al., 2003); 

which in turn can contribute to increased risk of medial knee OA (Sharma et al., 2001). 

2.6. Biomechanical changes in knee OA 

The definition of biomechanics includes the prefix ‘bio’, which means life, and the suffix 

‘mechanics’ and it is the science of movement of a living body, involving how muscles, 

bones, tendons and ligaments work together to produce movement (Rau et al., 2000). 

Biomechanics of movement is the application of Newtonian mechanics to the 

neuromuscular skeletal system which involves the forces that cause the movement, and 

the internal forces that act within the body (Rau et al., 2000; Rose and Gamble, 2006). 

Before discussing the changes that occur when osteoarthritis is diagnosed, the next 

section will briefly discuss typical gait. 

 

http://europepmc.org/abstract/MED/23177457/?whatizit_url_gene_protein=http://www.uniprot.org/uniprot/?query=ACL&sort=score
http://europepmc.org/abstract/MED/23177457/?whatizit_url=http://europepmc.org/search/?page=1&query=%22OA%22


16 

2.6.1 Typical Gait cycle 

The gait cycle is the period of time for two steps and is started and measured from heel 

strike of one foot to the next heel strike of the same foot. The gait cycle comprises of two 

phases: 1) stance (when the foot is in contact with the supporting surface) and 2) swing 

(when the limb is swinging forward, out of contact with the supporting surface). The gait 

cycle is divided into four parts: early-stance, mid-stance, late-stance, and swing phases 

representing 0%-20%, 21%-40%, 41%-60%, and 61%-100% of the gait cycle, 

respectively (Mündermann et al., 2004). 

Along with providing forward momentum of the leg, the swing phase also prepares and 

aligns the foot for heel strike and ensures that the swinging foot clears the floor and 

comprises about 40% of the total gait cycle. Stance comprises about 60% of the total gait 

cycle at freely chosen speeds and functions to allow weight-bearing and provide body 

stability. Five distinct events occur during the stance phase: heel-strike (HS), foot flat 

(FF), mid-stance (MS), heel rise (HR), and toe-off (TO) (Mary, 1988). 

The ground contact starts with the heel strike, continuing to foot-flat during the single 

limb support and forefoot contact. The support finishes with a toe-off. The stance phase 

and swing phase can be divided into eight functional phases. Initial contact and loading 

response happen during the weight acceptance. Mid and terminal stance occur during the 

single support. The last phase of the stance is pre-swing, in which the limb begins the 

forward movement (Perry, 1992, Perttunen, 2002). The forward motion continues during 

three swing phases. At the initial swing, the leg is accelerated forward by knee, and hip 

flexion; the ankle is dorsiflexed. At the mid swing, the swinging leg is aligned with the 

stance limb, which is the mid stance. The foot is prepared for smooth ground touch in 

terminal swing with the support of eccentric activity of hamstring (Perry, 1992, 

Perttunen, 2002). 

It has been proposed that during early-stance, knee flexion supports shock absorption, 

where an increased walking speed would result in additional forces on the knee thus 

needing more shock absorption through moving the knee into greater flexion (Winter, 

1991). 
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2.6.2 Typical stair gait 

Stair gait is defined as a style of walking, and this task is achieved through a very 

complicated combination of neuro-musculo-skeletal system activity in order to move the 

lower limbs and Head, Arms and Trunk safely (Perry, 1992).  

Stair climbing is a common and frequent activity in daily living and demanding 

locomotor task, compared to walking on level ground, a greater range of motion in the 

lower limbs joints (hip, knee and ankle), increased lower limb muscular activities, and 

around six times more load on the knee joint (Andriacchi et al., 1980). The mean 

maximum net flexion and extensions moments were increased at the knee joint during 

ascending and descending stairs and were largest during descending stairs, with both 

moments higher than compared with walking on the level ground (Andriacchi et al. 

1980). In stair ascent the forces and powers of both knee extensors and knee flexor are 

higher than in level walking (Costigan et al. 2002). Stair climbing is more difficult task 

biomechanically and physiologically when compared to walking on level ground where 

the body is lifted with each ascending step and continuously decelerated with each 

descending step (Yu et al., 1997a, Protopapadaki et al., 2007, Riener et al., 2002). Both 

ascending and descending stairs are challenging tasks for the elderly, with descending 

stairs the most challenging (Startzell et al., 2000). In addition, the risk of falling during 

descending is three times more frequent than during ascending (Svanstrom, 1974). This 

may be due to the  demands on the body  were greater ranges of motion at the hip, knee 

and ankle joints are needed to descend (Andriacchi et al., 1980, Mcfadyen and Winter, 

1988, Riener et al., 2002) which create greater knee moments in the sagittal plane 

(Nadeau et al., 2003) and vertical ground reaction force (Christina and Cavanagh, 2002, 

Hamel et al., 2005), or more demands in a  less stable activity; less time is spent in 

double limb support (when both feet are in contact with the stair surface) (Mcfadyen and 

Winter, 1988, Zachazewski et al., 1993).  

During stair climbing, several strategies have been used to maintain stability and balance. 

Adapting the stair climbing patterns by using a step-by step pattern (placing both feet on 

the same stair prior before moving to the next stair) rather than the traditional step-over-

step pattern (placement of one foot on the stair and immediately ascending or descending 
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the next stair by the another foot) is used (Shiomi, 1994) (Figure 2-2). Using step-by step 

pattern allows for shorter and slower strides that may increase the feeling of stability and 

compensate for weaknesses in the lower-limb. Using a handrail is also another strategy 

used (if available), to provide physical and psychological support (Studenski et al., 1994) 

and to reduce loads (Startzell et al., 2000), by redistributing joint moments between the 

ankle and knee; decreasing ankle joint moments and increasing knee joint moment while 

ascending (and vice versa when descending) (Reeves et al., 2008). During descending, 

elderly people  go down backwards to maintain the centre of pressure further from the 

stair edge than forward descending, making a slip or fall less likely ( Beaulieu et al., 

2008). 

 

Figure 2-2: The stair climbing patterns (Reid et al., 2007). 

Stair climbing is an important measure to assess mechanics of patients with knee 

osteoarthritis (Kaufman et al., 2001) due to the large moments, forces, lower limb muscle 

activity and ranges of motion required (Morrison, 1970; Mcfadyen and Winter, 1988) 

which make the difference from normal more noticeable and to assess knee function 

(Andriacchi et al., 1980; McFadyen and Winter, 1988; Nadeau et al., 2003; Reeves et al., 

2008). Understanding stair gait could significantly enhance the quality of life of a person 

with physical impairments through improving rehabilitation and treatment planning, as 

well as improving the design of public environments (Archea, 1985). 
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Stair gait cycle 

The stair gait cycle is similar to the gait cycle, both of them involving two phases, stance 

and swing phase (McFadyen and Winter, 1988). Both phases are divided into sub-phases 

which are represented in terms of a percentage through the gait cycle. The stance 

(support) phase is the time where the foot is in contact with the ground/stair, and it 

comprises about (ascending: 65% ±4%, descending: 68% ± 4 %) of the stair gait cycle. 

The swing phase of the stair gait cycle, where the foot is not in contact with the 

ground/stair, occupies the remaining time (ascending: 35% ±4%, descending: 32% ± 4 

%). The sub-phases in the stair gait cycle are not the same as walking gait cycle 

(McFadyen and Winter, 1988; Zachazewski et al., 1993).  

a)  Ascending stairs 

The lower limb functions during stair ascent to support and balance body weight and also 

raise the weight onto the supporting step (Wu et al., 2005). The first sub phase of stair 

stance phase is called ‘Weight acceptance’ which occupies (0-17%) of the stair gait cycle 

(McFadyen and Winter, 1988; Nadeau et al., 2003; Zachazewski et al., 1993; Andriacchi 

et al., 1980; Riener et al., 2002). The weight is naturally placed on the forefoot, not on the 

heel like normal walking, before it gets transferred throughout the whole foot, When the 

foot contacts the stair, (Mcfadyen and Winter, 1988; Novak et al., 2010), the ankle 

becomes more dorsiflexed (reaches approximately 15 degrees of dorsiflexion) when the 

foot accepts the weight, and the hip and knee joints remained flexed.  

 

The second sub-phase of stance phase is called; the ‘Pull-up’ sub-phase which occupies 

(17-37% of the stair gait cycle). Concentric contraction of hip extensors (gluteus 

maximus muscle), knee extensors (quadriceps femoris muscles), and the ankle plantar 

flexors (soleus and gastrocnemius muscles) pull the body’s centre of gravity superiorly 

and lift the opposite foot off the ground (McFadyen and Winter, 1988; Zachazewski et 

al., 1993). The hip abductor muscles, mainly gluteus medius, are active to stabilise and 

prevent the pelvis from dropping to the unsupported side when the limb begins in single 

support phase (McFadyen and Winter, 1988; Zachazewski et al., 1993). 
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The last sub-phase of stance phase is called ‘Forward continuance’ which occupies (37-

65%) of the stair gait cycle and single limb support interval continues to 48% of the stair 

gait cycle (McFadyen and Winter, 1988; Zachazewski et al., 1993). The hip and knee 

extensor muscles are active to maintain the lower limb when the forward movement 

occurs. The second double support interval begins (48-65%) of the stair gait cycle when 

the opposite foot hits the stair above and the body’s centre of gravity moves further 

forward, while the ankle plantarflexes to push the foot forcefully up off the stair and the 

swing phase begins (Riener et al., 2002). 

The first sub-phase of swing phase is called ‘Foot clearance’ which occupies (65-82%) of 

the stair gait cycle, the foot is kept clear from the stair by ankle dorsiflexion (concentric 

contraction of the tibialis anterior muscle) and knee flexion (concentric contraction of the 

hamstrings muscles) to pull the leg back, followed by hip flexion (concentric contraction 

of the iliopsoas muscle) to move the lower limb up and forward onto the next stair 

(McFadyen and Winter, 1988; Andriacchi et al., 1980). 

Afterward, ‘Foot placement’ sub-phase of swing phase ‘which occupies (82-100%) of the 

stair gait cycle’ occurs. During this sub-phase, the foot is prepared for positioning on the 

next stair through eccentric contraction of the quadriceps femoris and hip flexors muscles 

to control any unwanted knee flexion and to allow hip extension, respectively, lowering 

the limb to make contact with the next stair (Zachazewski et al., 1993). Furthermore, 

tibialis anterior contracts eccentrically before foot placement to control ankle 

plantarflexion to meet the stair in preparation for weight bearing (McFadyen and Winter, 

1988) (Figure 2-3). 
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Figure 2-3. Phases of ascending stairs gait cycle (Adapted from (Novak et al., 2010).  

During ascent, the knee extensor muscles have a major role in the progression from one 

step to the next step, helped by the ankle plantar flexors and the hip extensors (McFadyen 

and Winter, 1988; Moffet et al., 1993). A high increase of energy generation at the knee 

is provided by the plantar flexors and the hip flexors and extensors (Winter, 1983; 

Winter, 1991). A higher significant activation in both knee extensor muscles (vastus 

lateralis and medialis) and medial hamstring muscles have been occurred during walking 

up stairs than level walking occurred (Richards et al., 1989). 

b)  Descending stairs 

The stance phase of stair gait cycle during descending is considered to be three sub-

phases. ‘Weight acceptance’ is the first sub-phase occurring when the foot touches the 

stair in a higher plantar flexed position, a position that lasts until the heel make contact 

with the stair (0-14%) (McFadyen and Winter, 1988), and the foot starts to accept the 

weight of the body and this weight is transferred to the leg as the opposite foot comes off 

the ground (McFadyen and Winter, 1988; Zachazewski et al., 1993). 

The second sub-phases of stance phase is called ‘Forward continuance’ and during this 

sub-phase, the leg comes forward so that the ankle continues to increase its dorsiflexion, 

this sub-phase occupies (14-34%) of stair gait cycle. (McFadyen and Winter, 1988). 
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The third sub-phase is called ‘Controlled lowering’ and during this sub-phase, most of the 

progression occurs (34-68%) (Zachazewski et al., 1993; Riener et al., 2002). It begins 

when the body moves from a higher position. In this sub-phase, the knee begins to flex 

and reaching the maximum degree of flexion before this flexion reduces prior to early 

swing (Zachazewski et al., 1993; Novak et al., 2010), with the foot beginning to dorsiflex 

and reaching maximum dorsiflexion position when the opposite foot strikes the next stair 

(Andriacchi et al., 1980).  

The stance phase consists of two support phases, Single limb support accounts for 39% of 

the stance phase (14-53 %), while double support occurs at the beginning and end of 

stance phase, 0-14% and 53-68%, respectively (Riener et al., 2002; Zachazewski et al., 

1993). 

The second phase of stair gait cycle during descending is called swing phase which 

comprises the last 32% of the stair gait cycle and is divided into two sub-phases ‘Leg 

pull-through’ (68-84%) and ‘Foot placement’ (84-100%) (McFadyen and Winter, 1988; 

Zachazewski et al., 1993). In the beginning of swing, the hip and knee flexion decreases 

and the ankle moves into plantar flexion to pull the leg through. The hip starts to flex 

slightly, the knee is near full extension, and the ankle is plantar flexed preparing for 

weight acceptance before foot placement (McFadyen and Winter, 1988; Andriacchi et al., 

1980) (Figure 2-4). 

The muscles (mainly from quadriceps femoris, gastrocnemius and soleus muscles) during 

descending stairs contract eccentrically to control the body’s descent (McFadyen and 

Winter, 1988; Nadeau et al., 2003).  
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Figure 2-4. Phases of descending stairs gait cycle (Adapted from (Novak et al., 2010))  

 

2.6.3 Knee OA kinematics and kinetics 

2.6.3.1 Walking gait 

Individuals with medial compartment osteoarthritis of the knee have slower walking 

speeds, shortened step lengths, larger double support times, decreased hip range of 

motion and knee range of motion angles (Al- Zahrani & Bakheit, 2002; Andriacchi et al., 

1977; Baliunas et al., 2002; Brinkmann & Perry, 1985; Kaufman et al., 2001; Messier et 

al., 2005a; Messier et al., 1992), reduced cadence and stride length (Al-Zahrani and 

Bakheit, 2002)and increased stance time (Al-Zahrani and Bakheit, 2002; Landry et al., 

2007; Astephen et al., 2008a) as compared to a non-arthritic population. Walking speed is 

likely decreased in knee OA to help reduce the load on the knee joint (Mündermann et 

al., 2004). Individuals also have greater mid-stance knee adduction moments, decreased 

peak knee flexion moments, decreased peak hip adduction moments, and decreased peak 

hip extension moments than age matched individuals and are summarised below (Table 

2-1,2-2) (Astephen et al., 2008). 
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Table2-1:  Asymptomatic and moderate OA discriminant analysis summary (Astephen et al., 

2008).
 

No kinetic measurements Interpretation 

1 Knee internal rotation 

moment 

Moderate OA had higher knee internal rotation moments in 

late stance (peak internal rotation moment occurs later in 

stance with OA) 

2 Quadriceps (rectus 

femoris) 

Moderate OA had higher rectus femoris EMG activity 

throughout most of the gait cycle 

3 Hip internal rotation 

moment 

Moderate OA had smaller hip external rotation moment in 

early stance and smaller hip internal rotation moment in late 

stance (difference operator—OA had less change in moment 

throughout stance) 

4 Hip adduction moment Moderate OA had higher mid-stance hip adduction moment 

and lower adduction moment in late stance (difference 

operator) 

5 Knee flexion moment Moderate OA had smaller knee flexion moment in early 

stance 

 

Table 2-2: Moderate OA and severe OA discriminant analysis summary (Astephen et al., 2008)
 

No Measure Interpretation 

1 Hip flexion moment Severe OA had lower early stance and lower early swing 

hip flexion moment than moderate OA, and higher mid-

stance hip flexion moments than moderate OA 

2 Ankle internal rotation 

moment 

Severe OA had lower ankle internal rotation moment in 

early stance and higher internal rotation moment in late 

stance (difference operator) than moderate OA 

3 Knee flexion angle Severe OA had lower overall magnitude of knee flexion 

angle in stance and swing than moderate OA 

4 Gastrocnemius (medial) Severe OA had higher medial gastroc EMG activity in early 

stance and in swing phase, and lower activity in late stance 

than moderate OA 

5 Hip internal rotation 

moment 

Severe OA had lower magnitude of hip internal rotation 

moment in stance than moderate OA 

The secondary gait changes observed among patients with knee OA reflect a potential 

strategy to shift the body’s weight more rapidly from the contralateral limb to the support 

limb, which has been shown to be successful in decreasing the load at the knee in only 

patients with less severe knee OA. This over loading in the lower extremity joints may 
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lead to more rapid progression of presented OA and to the start of OA at joints adjacent 

to the knee. Interventions for knee OA should therefore be assessed for their effects on 

the mechanics of all joints of the lower extremity (Mündermann et al., 2005). 

During early-stance phase (initial contact of the limb with the supporting surface), one 

important biomechanical task of the knee is to work as a shock absorber during  

approximately 15° of flexion, where an increased walking speed would result in more 

forces on the knee thus requiring extra shock absorption through moving the knee into 

higher flexion (Winter, 1991). This increased knee flexion requires more eccentric 

contraction of the knee extensors (Winter, 1983b), but quadriceps muscle weakness is 

present with knee OA (Slemenda et al., 1997). Muscle co-contraction is also increased in 

knee OA, which has been proposed to increase the compressive forces on the knee joint 

(Lewek et al., 2004). Furthermore, increasing walking speed resulted in higher muscle 

co-contractions in knee OA (Zeni et al., 2010). Consequently, people with knee OA 

might walk at slower speeds as an adaptive mechanism to decrease the load on the joint. 

During early-stance, the peak knee and hip flexion angles on the affected side were 

significantly less than the angles on the contralateral side in unilateral knee OA (Briem 

and Snyder-Mackler, 2009). 

In knee OA, maximum knee flexion is decreased (Childs et al., 2004; Lewek et al., 2004; 

Rudolph et al., 2007; Schmitt and Rudolph, 2007; Astephen et al., 2008a) and the 

external rotation moment is also decreased (Landry et al., 2007) during early stance. 

Many reasons were suggested for the decrease in knee flexion including: quadriceps 

weakness (Fisher et al., 1997), pain (Kaufman et al., 2001), extra flexed position at initial 

contact (Childs et al., 2004), and a stiffening strategy adopted in the presence of knee 

instability (Schmitt and Rudolph, 2007). Peak knee flexion moments were also decreased 

during early and late-stance (Kaufman et al., 2001; Baliunas et al., 2002; Rudolph et al., 

2007; Astephen et al., 2008b). During knee extension a strategy adopted by participants 

with knee OA to reduce the forces on the joint and consequently diminish pain, as 

reducing knee flexion moments requires less eccentric contractions. In mid-stance, knee 

extension moments have shown different results in knee OA given that it decreased 

(Huang et al., 2008), increased (Al-Zahrani and Bakheit, 2002), or did not change 
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(Messier et al., 2005; Mündermann et al., 2005) compared to healthy participants. 

Differences in walking speed, pain levels and, muscle strength are possible causes for 

these results. In addition, the increased and prolonged mid-stance knee extension moment 

accompanied by increased and prolonged biceps femoris activity might be attempted to 

increase stability during gait (Al-Zahrani and Bakheit, 2002).  

2.6.3.2 Ascending and descending stairs gait 

During ascending and descending stairs there was no differences in the maximum knee 

flexion angle during stance phase between healthy subjects and knee OA patients and 

(Kaufman et al., 2001, Asay et al., 2009), however there was a decreases in the sagittal 

plane knee ROM during stance and swing phase (Whatling, 2007, Hicks-Little et al., 

2011), and a delay in peak knee flexion in stance phase (to 10% of gait cycle during 

ascending and 63% of stair gait cycle during descending compared to 5% and 59% of the 

stair gait cycle in healthy subjects (Hicks-Little et al., 2011).  

Females with knee OA have shown a lower external knee flexion moment than males 

with knee OA during ascending and descending stairs (Hughes et al., 2000). Patients with 

medial knee OA have shown a greater peak of EKAM during ascending and descending 

stairs (Guo et al., 2007). 

2.6.4. Biomechanical consequences of Knee OA 

In medial compartment OA, there are several biomechanical consequences of the disease 

which have been directly related to either progression of the disease or increasing medial 

compartment forces.  The next section will briefly explain the relevance of each of these.  

2.6.4.1. The external knee adduction moment (EKAM) 

The medial compartment of the knee is four times (Ledingham et al., 1993), five times 

(Felson et al., 2002) and ten times (Ahlback, 1968) more frequently affected by OA than 

the lateral compartment and this may happen due to the reduced thickness of the articular 

cartilage on the medial compartment compared to the lateral (Cicuttini et al., 2002) and 

by the passing the line of gravity medially to the knee joint during walking (Schipplein 

and Andriacchi, 1991). Knee OA is a mechanical disease affected by the amount of load 
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on the knee joint (Brandt et al., 2008). Dynamic knee joint loading is the central 

biomechanical factor, and is associated with the pathogenesis of medial knee OA 

(Andriacchi et al., 2004; Andriacchi & Mündermann., 2006; Miyazaki et al., 2002; 

Mündermann et al., 2005; Sharma et al., 1998). Evaluating dynamic loading of the knee 

joint is important for the monitoring and treatment of OA knee (Hurwitz et al., 2002). 

However, in vivo knee joint loading is difficult to measure the knee forces without an 

instrumented knee implant. Additionally, you would not be assessing the treatment for 

medial knee OA but the consequence of a surgical treatment which has likely realigned 

the knee. Therefore, non-invasive gait measures are used and the external knee adduction 

moment has been found to be 1) a valid surrogate measure of medial load distributions 

and 2) progression of osteoarthritis, lowering the EKAM has become a major goal of 

biomechanical treatments of medial knee OA. 

The EKAM is the turning effect due to the resultant ground reaction force acting on the 

foot as it passes medial to the centre of the knee joint (Figure. 2-5). The perpendicular 

distance from the line of action of the ground reaction force is the lever arm for this force. 

The product of this force with this lever arm produces a moment tending to adduct the 

knee joint (Kim et al., 2004). The EKAM and other external forces and kinematic 

changes acting on the knee may be measured using a motion analysis system and a force 

platform to measure the ground reaction forces. The net internal moment is primarily 

generated by muscle forces, soft tissue forces and contact forces. The EKAM’s are equal 

and opposite the net internal moment to attain equilibrium and stability during walking 

(Shelburne et al., 2006). Larger contact forces are associated with larger EKAM’s in the 

absence of decreased antagonist muscle activity. Increased EKAM’s are indicative of 

increased loads on the medial compartment relative to the lateral compartment (Baliunas 

et al., 2002) and are the main determinant of medial to lateral load distribution in the knee 

(Kim et al., 2004).  
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Figure 2-5. The external knee adduction moment (Hinman & Bennell, 2009). 

The EKAM contains two peaks and one trough (Figure 2-6); the first peak occurs in early 

stance (0-20%) and the second peak in late stance (41-60%) of the gait cycle, however, 

the trough happens in mid-stance (21-40%) (Hurwitz et al., 2002, Newell, 2008). 
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Figure 2-6. Representative knee adduction moment waveform. Peak 1 occurs at 15% gait cycle, 

mid-stance occurs at 30% gait cycle and peak 2 occurs at 45% gait cycle. Max is the maximum 

value over the whole adduction moment waveform. (Note: in the figure the max value coincides 

with peak 1, but this is not always the case.) (Newell et al., 2008). 

In medial knee OA patients, both cartilage defects and subchondral bone area are 

associated with peak EKAM and knee adduction moment impulse (KAMI) suggesting 

that increased mechanical loading may play a role in the pathological changes in articular 

cartilage and subchondral bone that happen with medial knee OA (Creaby et al., 2010). 

EKAM  have been found in patients with knee OA with medial joint space narrowing 

than normal (Prodromos et al., 1985, Baliunas et al., 2000). During walking, the peak 

external knee adduction moment (EKAM) is a strong predictor of presence (Baliunas et 

al., 2002), severity (Henriksen et al., 2010;, Mündermann et al., 2004; Mündermann et 

al., 2005), and the rate of progression (Miyazaki et al., 2002) of medial knee OA, and can 

be reliably assessed during walking (Birmingham et al., 2007). Different relationships 

between knee pain intensity and dynamic loading of the knee have been shown by 

patients with different radiographic disease severities during walking (Henriksen et al., 

2012).  
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EKAM’s have also been associated with greater bone mineral content on the proximal 

medial aspect of the tibia relative to the lateral aspect in both normal subjects and 

subjects with knee OA (Baliunas et al., 2002). There was a relationship between the 

EKAM and disease severity in medial knee OA (Sharma et al., 1998). The value of the 

EKAM at baseline can predict radiographic disease progression in medial compartment 

knee OA (Miyazaki et al., 2002). Varus alignment increased the risk of medial 

compartment OA progression in knee OA, which suggests that the degree of EKAM 

correlates with radiographic joint space narrowing of the medial compartment (Sharma et 

al., 2001). The peak knee adduction torque was the best single predictor of the medial to 

lateral ratio of proximal tibial bone density (Hurwitz et al., 1998). The external knee 

adduction torque is highly correlated with internal medial compartment contact force as 

well as medial to total contact force ratio during gait (Zhao et al., 2007).  

EKAM has also been shown to be higher in all severities of knee OA when compared to 

healthy participants during early-stance (Kaufman et al., 2001; Hurwitz et al., 2002; 

Mündermann et al., 2005; Thorp et al., 2006; Rudolph et al., 2007; Huang et al., 2008). 

But, EKAM was similar during early stance in patients with knee OA of varied severities 

compared to age- and gender-matched healthy participants (Landry et al., 2007; Huang et 

al, 2008).  

This similarity of EKAM was suggested to be due to increased lateral trunk lean or lean 

of pelvic towards the stance leg as compensatory mechanism to reduce the moment lever 

arm and subsequently the EKAM.  

In mid-stance, EKAM has been shown to be significantly greater in knee OA compared 

to healthy participants (Weidenhielm et al., 1994; Landry et al., 2007; Astephen et al., 

2008a). So, both early-stance peak and mid-stance (trough) EKAM should be considered 

when investigating the load in knee OA. In Late-stance, peak EKAM has been found to 

be significantly greater in patients with mild, moderate, and severe knee OA compared to 

healthy participants (Hurwitz et al., 2002; Thorp et al., 2006; Huang et al., 2008). 

However, in mild knee OA patients, disagreeing results of peak EKAM have been found 

at late-stance with Mündermann et al. (2005) reporting that EKAM was significantly 

lower compared to gender- and age-matched healthy subjects and to patients with severe 
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knee OA (Mündermann et al., 2005), but it was not significantly changed compared to 

healthy individuals (Huang et al., 2008).  

There is significantly less literature during ascending and descending stairs with previous 

studies report medial knee OA patients have a lower external knee flexion moment than 

healthy subjects (Whatling, 2007, Kaufman et al., 2001, Asay et al., 2009). In contrast, 

other research studies have found that patients with medial knee OA have a higher 

external knee flexion moment than healthy subjects (Schipplein and Andriacchi, 1991, 

Al-Zahrani and Bakheit, 2002, Gok et al., 2002) or no difference between  medial knee 

OA patients and healthy subjects groups (Messier et al., 2005, Mündermann et al., 2005).  

In addition, females with knee OA have a lower external knee flexion moment than males 

with knee OA and healthy females and males during ascending and descending stairs 

(Hughes et al., 2000). 

Patients with medial knee OA have showed a higher peak of EKAM during ascending 

and descending stairs (Guo et al., 2007). The highest peak of EKAM in subjects with 

knee OA was during descending stairs followed by ascending stairs and then level 

walking (Guo et al., 2007).  

The researcher reported that patients with medial knee OA have a higher knee adduction 

angular impulse (KAAI) and EKAM than those without knee OA (Thorp et al., 2006; 

Kean et al., 2012). 

2.6.4.2. The knee adduction angular impulse (KAAI) 

The knee adduction angular impulse (KAAI) is another assessment used to measure the 

load on the medial compartment during the whole of the stance phase (Thorp et al., 2006) 

(the area under the adduction curve) (Figure 2-7). The KAAI was related to the cartilage 

volume with greater KAAI magnitudes at baseline resulting in more medial tibial 

cartilage damage after 12 months in comparison to the cartilage damage in individuals 

with greater early-stance peak EKAM at baseline (Bennell et al., 2011). Additionally, the 

KAAI has been found to be a sensitive method in detecting the load on the knee between 

mild and moderate knee OA, and it significantly higher in moderate knee OA compared 

to mild OA, while the peak of EKAM did not change significantly between mild and 
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moderate knee OA during early-stance (Thorp et al., 2006; Kean et al., 2012). 

Additionally, the KAAI was positively linked with pain in mild knee OA; particularly, it 

was significantly higher in symptomatic individuals with mild knee OA compared to 

asymptomatic individuals with mild knee OA and in healthy individuals (Thorp et al., 

2007).  

 

Figure 2-7: The area under the curve represents the knee adduction angular impulse (KAAI) 

(Thorp et al., 2006) 

Given that the EKAM and its impulse (KAAI) have been found to be 1) valid surrogate 

measures of medial load distributions and 2) indicators into the progression of 

osteoarthritis, lowering the EKAM has become a major goal of biomechanical treatments 

of medial knee OA. However, previous literature has also identified that the EKAM may 

not reflect medial compartment forces in the joint (Trepczynski et al. 2014) and this is 

primarily because the internal forces (primarily muscles) have not been taken into 

account. Therefore, an understanding of the contribution of muscles is needed. 
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2.7 Muscle co-contraction 

Muscle co-contraction is the synchronized activity of synergistic muscles (agonist and 

antagonist) (Sirin and Patla, 1987), which take part in creating moments of force around a 

joint during dynamic tasks (Nigg et al., 2003). The muscle co-contraction is increased in 

electromyography (EMG) gait studies of knee OA when compared to asymptomatic 

subjects (Childs et al., 2004; Lewek et al., 2004; Hubley-Kozey et al., 2006). Muscle co-

contraction in those with knee OA is believed to lead to increase medial joint loading 

(Andriacchi, 1994) joint stiffness in response to pain (Fisher et al., 1997), and instability 

(Lewek et al., 2004). 

There are two types of knee muscle co-contraction: directed co-contraction and 

generalised co-contraction (Lloyd and Buchanan, 2001). In generalised co-contraction all 

synergist (agonists and antagonists) of the knee co-contract equally, but in directed co-

contraction both medial and lateral synergist (agonists and antagonists) muscles are 

activated to support abduction moments and adduction moments respectively. Directed 

co-contraction supports the external moment to inhibit condylar lift-off and decrease the 

concentration of articular loading in the medial knee compartment (Schipplein and 

Andriacchi, 1991). Generalised co-contraction can also have the same effect but due to 

the non-directionality it is less effective in inhibiting condylar lift-off, and might increase 

all articular loading (Lloyd and Buchanan, 2001; Zhang et al., 2001). Generalised co-

contraction has been recognized when people support the isometric adduction/abductions 

knee moments, (Lloyd and Buchanan, 2001; Zhang et al., 2001). In addition, generalised 

co-contraction can be identified during sidestepping and crossover cutting (Besier et al., 

2003a; Besier et al., 2003b). Directed co-contraction has been found in ligamento-

muscular reflexes to resist adduction/abduction perturbations at the knee joint (Buchanan 

et al., 1996). Additionally, voluntary directed co-contraction has been revealed to the 

support static knee abduction–adduction moments (Andriacchi et al., 1984; Zhang et al., 

2001), and abduction moments at the knee during side stepping (Besier et al., 2003a, 

2003b).  

Both medial (Lewek et al., 2004; Lewek et al., 2006) and lateral muscle (quadriceps to 

hamstring) co-contraction (Schmitt and Rudolph, 2007) have been shown to be increased 
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in the OA patients compared with control subjects. The muscle co-contractions occur 

between: Vastus lateralis (VL) and lateral hamstring (LH) (Ramsey et al., 2007; Hubley-

Kozey et al., 2009), VL and medial hamstring (MH) (Childs et al., 2004), VL and 

semimembranosus (SM) (Zeni et al., 2010), VL and biceps femoris (BF) (Hortobágyi et 

al., 2005), Vastus medialis (VM) and MH (Ramsey et al., 2007; Hubley-Kozey et al., 

2009), Medial quadriceps – MH (Schmitt and Rudolph, 2007). 

The internal moments are very important on the lateral side to provide a valgus resistance 

against a varus position in the knee joint that happens due to an attempt of the EKAM to 

move the knee joint in to this position. So, the co-contraction between agonist and 

antagonist muscles stabilized the joint (Schipplein and Andriacchi, 1991), while the 

activity of agonist muscles alone was not sufficient to resist the EKAM. In early-stance 

co-contraction between VL-LH gradually increased in asymptomatic to moderate to 

severe knee OA groups (Hubley-Kozey et al., 2009), lateral quadriceps-lateral 

gastrocnemius (LG) was considerably greater in participants with mild to severe knee OA 

compared to healthy participants (Schmitt and Rudolph, 2007). Moreover, co-contraction 

of the muscles on the medial side of the knee joint in mild, moderate, and severe knee 

OA increase in comparison to healthy subjects during early stance (Lewek et al., 2004; 

Schmitt and Rudolph, 2007; Hubley-Kozey et al., 2009). This involved significantly 

greater co-contraction between VM-MG in participants with severe knee OA (Lewek et 

al., 2004), MQ-MH in individuals with knee OA compared to healthy individuals  

(Schmitt and Rudolph, 2007), and VM-MH was investigated only in severe knee OA 

compared to moderate knee OA during stance phase (Hubley-Kozey et al., 2009). Even 

though increased co-contraction was suggested to be a protective mechanism to reduce 

the load on the medial compartment knee OA, it has also been suggested that at the same 

time it exposes the joint to extra compressive forces (Lewek et al., 2004). One of the 

reasons for the increased muscle co-contraction around the knee joint could be due to 

instability as medial knee joint laxity was significantly greater in the OA participants 

groups compared to healthy participants (Lewek et al., 2004; Schmitt and Rudolph, 

2007). The co-contractions between quadriceps and gastrocnemius muscles were 

associated with medial knee joint laxity, quadriceps weakness, and decreased knee 

flexion ROM in the OA patients group compared to healthy group. But, the older adult’s 
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healthy group showed normal muscle co-contraction in addition to weak quadriceps, 

absence of reduced knee motion, and normal knee joint laxity. This suggests that knee 

laxity is the primary reason for the increased co-contraction in knee OA patients 

(Rudolph et al., 2007). 

A primary way to reduce knee laxity is to increase muscle strength around the knee joint 

to provide stability and is important to discuss this in regards to the rehabilitation of the 

individual.  

In the presence of quadriceps weakness, The ground reaction force(GRF) rate of loading 

is increased during gait (Mikesky et al., 2000) because muscle weakness might altering 

the load distribution, change the mechanical axis of the knee joint, and facilitating the 

development of knee OA (Andriacchi et al., 2004). However, enlarged quadriceps muscle 

strength might produce an abduction moment that counteracts and reduces the EKAM 

(Shelburne et al., 2006). 

2.8 Muscle strength 

Quadriceps muscle weakness is present with knee OA (Slemenda et al., 1997). However, 

the relationship between muscle strength and EKAM is not as clear with Thorp et al. 

(2010) not finding a significant variation in the EKAM even though knee muscle strength 

significantly increased. This was supported by previous research in a study by Lim et al. 

(2009), also not finding a relationship between quadriceps strength and the EKAM, even 

when it was tested in neural and varus lower leg alignment. In regards to progression of 

the disease, Mikesky et al. (2006) examined the effect of strengthening exercises on knee 

OA progression compared to ROM exercises. Strengthening exercises did not increase 

the degree of knee OA progression after 30 months, measured by joint space width. But, 

these results should be considered carefully as the effect of alignment, laxity, or alteration 

in body weight on progression was not measured. 

Stronger muscles at baseline have been related with increased knee OA progression after 

18 months in malaligned knees and laxity knees (Sharma et al., 2003). However, muscle 

strength was not measured at eighteen months therefore its effect on progression is 

unknown. Sharma et al. (2003) recommended considering pathophysiological factors 
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around the knee, such as laxity, when planning strengthening exercise programmes. This 

might affect results since the positive association between strength and function 

decreased in the presence of coronal plane knee laxity, suggesting a reduced effect of 

strengthening exercises with laxity (Sharma et al., 1999a). Thus, knee joint laxity should 

be measured when planning a strengthening exercise programme in knee OA. 

Previous studies have shown an association between knee pain and quadriceps strength 

(O’Reilly et al., 1998) and as well as reported that decreasing of temporary pain might 

improve maximum voluntary muscle contraction (Hassan et al., 2002) and decrease 

abnormal involuntary muscular activation (Brucini et al., 1981). Pain might be a 

mediating factor in the assessment of both muscle strength and proprioception in these 

subjects (Shakoor et al., 2008). Strengthening exercises have positive effects on 

improving pain, strength, and functional assessment in patient with OA (Pelland et al., 

2004; Lange and Vanwanseele, 2008). 

One of the areas that muscle strength and indeed knee laxity would affect would be the 

dynamic balance of the individual with previous research identifying that individuals 

with medial knee OA have instability or a buckling event (Felson et al., 2007). Therefore, 

the role of balance in the individual with medial knee OA will be discussed. 

Patients with knee OA have shown decreased in quadriceps strength and muscle 

activation (Wessel, 1996; Fisher and Pendergast 1997; Hurley et al., 1997; O’Reilly et al., 

1998) and impairments in knee joint proprioception. These deficits (Fisher and 

Pendergast, 1997; Pai et al., 1997; Sharma et.al., 1997) are associated with the ageing 

process and might leading to larger impairments in balance compared with age matched 

healthy group (Hassan et al., 2001; Hinman et al., 2002). 

2.9 Balance 

Balance is the ability to maintain the centre of gravity of a body within the base of 

support (Shumway-Cook et al., 1988). Balance control is a complex function of motor 

skill that involves the integration of several types of sensory information and the planning 

and execution of flexible movement forms in order to accomplish several potential 

postural aims (Horak et al., 1989; Hork, 1997; Jones et al., 2000;  Hinman et al., 2002). 
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Some subcomponents involve both sensory organization and motor coordination for 

postural control and some of them involve both motor coordination and biomechanical 

aspects such as joint flexibility and muscle tone (Hork, 1997). Balance can be assessed 

either statically or dynamically (Patla et al., 1990; Winter et al., 1990). 

 

Dynamic balance is the ability to preserve a stable base of support during the 

performance of a movement or leaning task (Guskiewicz and Perrin, 1996). Both static 

and dynamic balance deficits were found in knee OA patient but the dynamic balance 

was more affected (Wegener et al., 1997; Hinman et al., 2002). These deficits have been 

found in individual with knee OA and could be related to muscle weakness, the aging 

process, and/or proprioception impairments (Slemenda et al., 1997; Koceja et al., 1999; 

Lin et al., 2009). Even though no relationship was found between radiographic severity 

and dynamic balance in knee OA (Jadelis et al., 2001), impairments in balance increases 

the risk of falling and poor mobility in the elderly (Shumway Cook et al., 1997).  

In knee OA research, dynamic balance has been routinely assessed by using expensive 

(force platform) (Hurley et al., 1997; Wegener et al., 1997; Hassan et al., 2001), and non-

expensive measures (step test) (Hinman et al., 2002; Hinman et al., 2007; Lim et al., 

2008). A new measure which has previously been used in deficient ligament studies, 

namely the Star Excursion Balance Test (SEBT) is another inexpensive and quick method 

of assessing dynamic balance, with good reliability shown (Hertel et al., 2000; Kinzey 

and Armstrong, 1998, Al-Khlaifat, 2012). In this test, the participants balance on 

maintaining single-leg stance, while reaching with the free limb in eight different 

directions (the anterior, anterior-lateral, anterior-medial, medial, lateral, posterior, 

posterior-lateral, and posterior-medial) (Hertel et al., 2000) or in three different directions 

(the anterior, posteromedial, and posterolateral directions) (Plisky et al., 2006) in relation 

to the stance foot as far as they can, then return to double support without losing balance. 

Although used to assess dynamic balance in knee joint injuries, such as ACL deficiency 

(Herrington et al., 2009), the SEBT has been shown to be significantly improved in 

exercise intervention studies (Al-Khlaifat et al. 2012) but has not been assessed in other 

conservative management studies with medial knee OA subjects.  
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Given the role of biomechanical factors in the progression of osteoarthritis, many 

treatment methods exist to manage/ reduce these factors and these will be introduced and 

appraised in the next section. 

2.10 Management of osteoarthritis 

The management of medial knee osteoarthritis falls into three main categories, surgical, 

pharmacological and conservative management. 

2.10.1 Surgical intervention 

Surgery for medial knee OA is available. Two forms of realignment surgery for just 

medial compartment osteoarthritis of the knee joint are High Tibial Osteotomy (HTO) 

and Unicompartmental Knee Replacement (UKR). High tibial osteotomy (HTO) is used 

to redirect the mechanical axis from the degenerated area of the joint to the relatively 

well-preserved compartment. 

HTO is a well-established and effective treatment modality for medial compartment 

osteoarthritis of the knee with varus deformity. It has shown significant improvement in 

symptoms, and function (El-Azab et al., 2011, Briem et al. 2007, Wada et al.1998, 

Ramsey et al., 2007) Medial laxity (Ramsey et al., 2007), instability (Ramsey et al., 

2007) and the adduction moment of the knee decreased at 6 months after surgery (Wada 

et al.1998; Ramsey et al., 2007) but increased after that period (Wada et al.1998). 

 There were statistical reductions in the adduction moment resulted in lower levels of 

vastus medialismedial gastrocnemius muscle co-contractions post opening-wedge high 

tibial osteotomy (OW-HTO) (Ramsey et al., 2007). Under correction was associated with 

a significantly lower clinical outcome in comparison to accurate correction and 

overcorrection. Ligamentous laxity or soft tissue slackness of the knee can influence the 

overall correction after high tibial osteotomy and must be considered in preoperative 

planning. Patients with a high body mass index (BMI) had lower clinical results after 

open wedge high tibial osteotomy (El-Azab et al., 2011). Additionally, under- or over-

correction may eventually lead to an accelerated rate of progression of arthritic changes 

in the knee (Briem et al., 2007). The peak adduction moment of the knee significantly 
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correlated with alignment and foot angle before and 6 years post-surgery but did not 

correlate with stride length and walking velocity (Wada et al., 1998). 

Quadriceps strength deficits and knee flexion impairments persisted after realignment 

even though there were improvements in global rating of knee function which suggest 

that the movement strategy may perpetuate joint destruction and impede the long-term 

success of realignment. Rehabilitation should focus on quadriceps strength and 

improving joint mobility to improve the long-term function of individuals with medial 

knee OA. Preoperative high-intensity resistance training of the quadriceps and hamstrings 

before HTO will improves postoperative in self-reported out-comes, dynamic knee-joint 

loading (reduction in the external knee adduction moment) and functioning in sport, 

recreation, and activities of daily living (Kean et al., 2011). 

Unicompartmental knee arthroplasty (UKA) is being more universally embraced as a 

clear and definable treatment option for unicompartmental arthritis. UKA preserves the 

articular cartilage, bone, and menisci in the unaffected compartments, as well as the 

cruciate ligaments, thus preserving proprioception and more normal kinematics in the 

knee than a total knee arthroplasty (TKA) does. Knees treated with UKA have a normal 

function compared to those treated with TKA. For some patients, UKA is a step before 

TKA becomes necessary; for others, it is the definitive procedure that will last their 

lifetimes (Lonner et al., 2009). Patients with medial Knee OA treated with UKA showed 

improvement in walking speed, step frequency, step length (Weidenhielm et al., 1993; 

Kate et al., 2003) and also single support stance phase ratio increased which indicating a 

more symmetrical gait. In addition, double support stance phase of both legs decreased 

which indicating a faster transfer of weight during walking (Weidenhielm et al., 1993). 

A systematic review was published which compared the safety and efficacy of 

unicompartmental knee arthroplasty (UKA) in patients with knee OA, with HTO and 

total knee arthroplasty (TKA). Three randomised controlled trials (RCTs), two controlled 

trials and three cohort studies were reviewed for function (primary efficacy outcome), 

postoperative pain, complications and revision rate. Similar percentages of patients had 

improvement in function following UKA and TKA and HTO, but fewer patients 
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experienced complications such as deep vein thrombosis following UKA and the revision 

rate was lower following UKA than HTO (Griffin et al., 2007).  

Surgical intervention of medial knee OA is of great expense to the NHS and has a large 

impact on the individual in terms of recovery time and functional independence. 

However, it is obviously in the interests of patients that conservative treatments are tried 

first in an attempt to arrest the disease process (progression and pain). 

2.10.2 Conservative management of medial knee OA 

Even though surgery for medial knee OA is available, there are some individuals who 

may not be suitable for surgery (too young) or do not want surgery. Therefore other 

options are desperately needed. Conservative management techniques are options that 

have not yet been fully justified in the scientific literature. It is therefore important to 

understand which technique will have the greater impact, for a particular patient type, 

both in terms of functional independence and reduction in pain, two primary complaints 

by sufferers. In addition, should individuals feel that their pain relief and functional 

independence increases with the conservative techniques it may delay the need for 

surgery. 

There are different conservative management techniques for medial knee OA ranging 

from pharmacological to exercise based treatments. A brief overview of each of these 

treatments will be discussed below. 

Pharmacological 

Pharmacological therapy available for early OA has been studied thoroughly for the 

treatment of moderate to severe knee OA, showing that most of the pharmacological 

modalities provide only symptom relief, sometimes even at the expense of harmful 

effects on the articular structure (Zhang et al., 2008). Widely used anti-inflammatory or 

analgesic therapy may also be associated with an increase in joint forces (Schnitzer et al., 

1993). NSAID treatment in patients with knee OA resulted in a reduction in symptomatic 

pain and an increase in loading of the knee in patients with medial compartment 

osteoarthritis; therefore, care should be taken in the use of' pharmaceuticals directed at 
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reducing pain (Hurwitz et al., 2000, Sum et al., 1997) at the consequence of increased 

loading. 

Exercise 

All clinical guidelines for the management of OA recommend exercise and Meta analyses 

support these exercise recommendations. Aerobic (Ettinger Jr et al., 1997), strengthening 

(Schilke et al., 1996) , and Tai chi exercise (Song et al., 2003; Lee et al., 2009) are 

helpful for improving pain and function in people with OA with benefits seen across the 

range of disease severities. The optimal exercise dosage has not being determined and an 

individualised approach to exercise prescription is required depending on the assessment 

of impairments, patient preference, co-morbidities and accessibility. Maximising 

adherence is a key element dictating success of exercise therapy. This can be improved 

by the use of supervised exercise sessions (possibly in class format) in the initial exercise 

period followed by home exercises (Bennell et al., 2011). Additionally, range of motion 

(ROM) exercises and stretching have been proposed because of their benefits in 

modulating pain, increasing ROM, reducing soft tissue inflammation, inducing 

relaxation, improving repair, extensibility, or stability of contractile and noncontractile 

tissues, facilitating movement, and improving function (Deyle et al., 2000). Both strength 

training and self-management are suitable treatments for the early onset of knee 

osteoarthritis in middle-aged adults and also, self-management alone may offer the least 

burdensome treatment for early osteoarthritis have been founded (Mcknight et al., 2010). 

A supervised and individualised exercise program of moderate intensity may reduce peak 

knee adduction moment in patients with mild to moderate knee osteoarthritis. In addition, 

knee adduction moment during one-leg rise may be more sensitive to change than knee 

adduction moment during gait (Thorstensson et al., 2007). Home based exercises by 

patients with osteoarthritis of the knee(s), in a program of intervention through 

appropriate guidance, can produce considerable improvements in pain (Baker et al., 

2001;Mccarthy et al. 2004; Carvalho et al., 2010; Ravaud et al., 2004; Aoki et al., 2009; 

O’reilly et al. 1999; Sled et al., 2010; Thomas et al., 2004; Chaipinyo & 

Karoonsupcharoen, 2009; Deyle et al., 2005 ), strength (Baker et al., 2001; Sled et al., 
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2010; Deyle et al., 2005 ), physical function (Baker et al., 2001; Mccarthy et al. 2004; 

Ravaud et al., O’reilly et al. 1999; Chaipinyo & Karoonsupcharoen, 2009; Deyle et al., 

2005), range of motion (Aoki et al., 2009), and gait speed (Aoki et al., 2009), but did not 

reduce knee joint loading (Sled et al., 2010) in patients with knee OA. If the kinematic 

data are not separated into more homogeneous groups when performing pre- and post-

treatment comparisons, the physiotherapy treatment had no significant effect on gait 

kinematic and kinetic parameters (Gaudreault et al., 2001). This is important as the 

EKAM has been linked with increased progression of knee osteoarthritis (Miyazaki et al., 

2002; Jennifer et al 2011), and therefore load modifying interventions are needed. Greater 

attention is needed due to the important role of mechanical factors in OA 

etiopathogenesis, and their modification is required if we are to find ways of reducing the 

public health impact of this condition (Kim et al., 2004, Sled et al., 2010, Al-Khlaifat, 

2012) 

Gait strategies 

Different strategies might be used by individuals with knee OA to decrease the EKAM 

and the load distribution in the knee joint by altering gait patterns. These strategies which 

include: 

 a) The foot progression (toe-out) angle  

The toe-out angle of the foot increases during walking in patient with knee OA (Hurwitz 

et al., 2002, Chang et al., 2007). Toeing-out occurs in lateral placement of the Centre of 

Pressure (COP); which changes the GRF nearer to the knee joint centre leading to 

decreased GRF moment arm length at the knee, which consequently decreases the 

amount of EKAM (Hurwitz et al., 2002). Toe-out has been investigated during walking to 

reduce the EKAM (Jenkyn et al., 2008). Toe-out angle has been found to be increased in 

subjects with medial knee OA to reduce the overall magnitude of EKAM (Mundermann 

et al., 2008). In individuals with medial knee OA who have a greater toe-out angle during 

walking a lower second peak EKAM was seen (Andrews et al., 1996). 

During ascending stairs, the first peak of the EKAM was significantly increased with 

increased toe-out angle (Guo et al., 2007) unlike descending stairs, and the second peak 
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EKAM was significantly reduced by 11% with increased toe-out angle, while no 

significant decrease in the second peak EKAM was found during descending stairs when 

toe-out angle was increased (Guo et al., 2007). 

b) Walking speed and stride length  

Positive relationship has been found between walking speed and the EKAM in 

individuals with medial knee OA, which means that the higher the walking speed the 

higher the EKAM; therefore, walking at slower speed or with reduced stride length have 

also been recommended as adaptive strategies to decrease the EKAM, and leading to 

reduce medial knee compartment loads (Mundermann et al., 2004). This strategy was 

also observed in patients with knee OA; they have shown reduced walking speed and 

stride length during stair climbing (Kaufman et al., 2001) and walking on level ground 

(Deluzio and Astephen, 2005).  

c) Lateral trunk sway towards the affected stance limb  

The EKAM can be decreased about 65% during walking on level ground in healthy 

subjects by increasing lateral trunk lean toward the side of the weight bearing limb 

(stance limb) which can move the body’s Centre of Mass (COM) laterally. This leads to a 

change of the GRF nearer to the knee joint centre, decreasing the length of GRF moment 

arm at the knee joint (Mundermann et al., 2004, 2005, 2008). Thus, lateral trunk sway has 

been recommended as a compensatory gait style to decrease the EKAM in knee OA 

patients (Hurwitz et al., 2002; Simic et al., 2011). In patients with mild to moderate knee 

OA, the lateral trunk sway has reduced the peak EKAM (Mundermann et al., 2008). 

Furthermore, a higher degree of lateral trunk sway has been detected in patients with 

severe knee OA when compared to patients with mild knee OA (Hunt et al., 2008).  

c) Altering foot and ankle position 

Any deviation in foot position would lead to a modification in the GRF, and alteration in 

the static and dynamic alignment of the lower limb (Guichet et al., 2003). Strong 

association between the alteration of centre of pressure (COP) and knee OA have been 

found (Reilly et al., 2009; Lidtke et al., 2010). Knee OA patients with pronated feet have 
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shown a reduction in the EKAM during walking on level ground (Pazit et al., 2010; 

Lidtke et al., 2010) in comparison to healthy control group. 

e) Barefoot gait  

A significant reduction in joint loads has found in patients with medial knee OA when 

walking barefoot compared with when walking in their normal shoes (Shakoor and 

Block, 2006). However, this is a relatively impractical solution given the risk of plantar 

surface foot damage, 

f) Medial thrust gait 

 Medial thrust gait is beneficial since it keeps a patient's normal walking speed, and does 

not need special shoes. Medial thrust gait is one of a variety of gait modification have 

been examined based on their potential to decrease the EKAM (Fregly et al., 2007, 2009; 

Fregly, 2008; Barrios and Davis, 2007). 

In summary, in addition to these strategies which individuals with knee OA adopt, there 

are other interventions options which can reduce the EKAM such as lateral wedge insoles 

and knee valgus braces.   

Lateral wedge insoles 

Lateral wedge insoles are an orthotic with a higher lateral border on the insole. Lateral 

wedge insoles can be used as a conservative treatment of medial knee OA, and modify 

the kinematics and kinetics of subtalar ankle joint. Some researchers have stated that a 

lateral wedge insole increases foot pronation (which is a combination movement of 

eversion (calcaneus goes in a lateral position in the frontal plane), dorsiflexion and 

abduction) which aligns the femur and tibia into a more upright position which 

consequently results in less medial knee loading (Sasaki and Yasuda, 1987, Yasuda and 

Sasaki, 1987, Kakihana et al., 2005, Pazit et al., 2010). Other investigators have studied 

the relationship between a lateral wedge insole and the EKAM, and they found that the 

lateral wedge insole aligns the foot into pronation to produce valgus moment at the ankle, 

which makes the centre of pressure of the ground reaction force in the foot to shift 

laterally (Crenshaw et al., 2000, Kerrigan et al., 2002, Maly et al., 2002, Jones et al., 
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2006, Jones, 2011). Lateral wedge insoles can laterally move the centre of pressure by up 

to 5 mm (Shelburne et al., 2008), displacing the centre of pressure laterally decreasing the 

moment arm at the knee, thereby, it was found that EKAM and medial compartment 

loading reduced linearly with lateral displacement of the centre of pressure (for each 1 

mm lateral displacement of the centre of the pressure, the peak of EKAM and medial 

compartment load decreased by 2% and the 1%, respectively) (Shelburne et al., 2008). 

Therefore, lateral wedge insoles  alter the valgus moment causing the centre of pressure 

in the foot to shift laterally, thereby reducing the external knee adduction moment during 

walking (Kerrigan et al., 2002; Draganich et al. 2006; Hinman et al. 2009; Jones et al. 

2013) and more recently during stair ascent and descent (Alshawabka et al. 2014; 

Wallace et al. 2007). The use of a full length lateral wedge insole resulted in an increased 

ankle joint valgus moment, which was claimed as a way of further decreasing knee 

adduction moment (Kakihana et al., 2005). However, lateral wedge insoles have not 

shown promising results in clinical based studies with randomized clinical trials showing 

no significant benefit over neutral non-wedged insoles (Baker et al., 2007; Bennell et al., 

2011; Parkes et al., 2013). Therefore, further research is needed in order to understand 

this relationship between decreased loading and non-significant clinical symptom relief. 

Further, other management techniques which alter the mechanical loads and also clinical 

symptoms are needed 

2.10.3 Valgus knee brace 

One such load modifying intervention is valgus knee brace that aim to realign the knee 

and reduce transarticular loading on the medial compartment. In theory, valgus knee 

braces apply three-point-pressure to arthritic knees (figure 2-8) (Reeves, & Bowling, 

2011) and give pain release by decreasing the load on the medial compartment through 

the application of an opposing external valgus moment about the knee. An achievement 

of pain reduction was found via the use of an external corrective force to the knee by the 

adjustable straps or condylar pads while opposing counter forces (arising from the upper 

and lower brace supports) act proximal and distal to the knee joint. The small 

improvement in alignment is thought to shorten the moment arm (the perpendicular 

distance between the ground reaction force and the knee joint center), which should in 
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turn lower the external knee adduction moment. At the same time, compressive load is 

shifted away from the medial compartment, thereby improving the distribution of 

compressive load over the joint surfaces (Ramsey et al., 2009). Both changes help to 

alleviate mechanical stress on the medial compartment. 

 

Figure 2-8. Schematic diagram illustrating how valgus bracing counteracts the external adduction 

moment acting about the knee during walking (Reeves, & Bowling 2011). 

The brace applies points of force at three locations (indicated by arrows), which create 

MA1 and MA2, and result in a valgus moment about the knee. The red dotted line 

indicates the length of the two separate moment arms: MA1 and MA2 (distance from 

outer arrow to center arrow). Abbreviation: MA, moment arm (Reeves, & Bowling 

2011). 

Several studies from 1996 to 2014 investigated the efficacy of valgus knee braces  , 

Bledsoe Thruster (Otis  et al, 1996;  Komistek, et al., 1999;  Nadaud et al., 2005; Dennis 

et al., 2006),  Custom fit (Lindenfeld et al., 1997; Hewett et al., 1998; Larsen et al., 

2013), GII Unloader (Davidson et al., 1997; Matsuno et al., 1997; Draper et al., 2000; 

Birmingham et al., 2001; Pollo et al., 2002;  Nadaud et al., 2005; Richards et al., 2005; 

Dennis et al., 2006;  Ramsey  et al., 2007; Russell and Ramsey, 2009),  neoprene  sleeves 

(Chuang et al., 2007; Brouwer et al., 2006, Müller-Rath et al., 2011), unloader braces 

(Kirkley et al., 1999), Custom Monarch brace (Self et al., 2000), Load-shifting knee 
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brace (Nicholas J. Giori,  2004), Breg Tradition X2K (Nadaud et al., 2005; Dennis et al., 

2006), DJ Adjuster (Nadaud et al., 2005; Dennis et al., 2006, Jones et al., 2013), OAsys 

(Nadaud et al., 2005; Brouwer et al., 2006), Off-the-shelf bilateral Uniaxial hinge 

(Richards et al., 2005; Draganich  et al., 2006), Custom (OA Defiance) (Draganich  et al., 

2006), ACL Brace (Dennis et al ., 2006), The SofTec OA valgus brace (Gaasbeek et al., 

2007, Müller-Rath et al., 2011), The Genu Arthro knee brace (Fantini Pagani et al., 2010; 

Schmalz et al. 2010; Pagani et al., 2012), Ossure (Toriyama et al., 2010; Deie et al., 

2013), Counter Force brace(Wilson et al., 2011), a polycentric type knee orthosis (Karimi 

et al., 2012) and Breg Fusiona valgus unloader braces (Hurley et al., 2012 ) on knee 

osteoarthritis patients for different periods of time varying from one day to 12 months 

duration.  

Several studies that have investigated the efficacy of valgus unloader braces and have 

found improvements in pain (Otis et al., 1996; Lindenfeld et al., 1997; Matsuno et al., 

1997; Hewett et al., 1998; Kirkley et al., 1999; Komistek, et al., 1999; Draper et al., 

2000; Pollo et al., 2002; Nicholas J. Giori 2004;  Richards et al., 2005; Draganich  et al., 

2006; Brouwer et al., 2006; Gaasbeek et al., 2007; Ramsey et al., 2007;  Ramsey and 

Russell 2009; Schmalz et al., 2010; Müller-Rath et al., 2011; Wilson et al., 2011; Hurley 

et al., 2012; Deie et al., 2013), physical function (Lindenfeld et al., 1997; Matsuno et al., 

1997; Hewett et al., 1998; Kirkley et al., 1999; Draper et al., 2000; Pollo et al., 2002; 

Giori, 2004;  Richards et al., 2005; Draganich  et al., 2006; Brouwer et al., 2006; 

Gaasbeek et al., 2007; Ramsey  et al., 2007;  Ramsey and Russell 2009; Wilson et al., 

2011; Müller-Rath et al., 2011; Hurley et al., 2012; Larsen et al., 2013), knee 

proprioception (Birmingham et al., 2001; Chuang et al., 2007), decreasing muscle co-

contraction (Ramsey et al., 2007; Fantini Pagani et al., 2012), improvement in hamstrings 

strength (Hurley et al., 2012), the peak isokinetic knee extensor torque has also 

significantly increased (Matsuno et al., 1997), and kinematic and kinetic data (The mean 

varus moment (Otis et al., 1996; Self et al., 2000;  Pollo et al., 2002; Gaasbeek et al., 

2007)  the mean knee adduction moment (Lindenfeld et al., 1997; Draganich et al., 2006; 

Gaasbeek et al., 2007; Fantini Pagani et al., 2010; Toriyama et al., 2010; Karimi et al., 

2012; Deie et al., 2013), flexion angle, coronal angle and axial angle (Davidson et al., 

1997), improvement in the extension and flexion angles (sagittal plane) and the knee 
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rotation angles (horizontal plane) (Müller-Rath et al., 2011), condylar separation angle 

and condylar separation (Komistek, et al., 1999; Nadaud et al., 2005; Dennis et al., 2006), 

the valgus force (Self et al., 2000),  the compressive Load (Pollo et al., 2002; Richards et 

al., 2005; Schmalz et al., 2010),  varus angulation (Draganich et al., 2006) and knee 

adduction excursions (Ramsey  et al., 2007). 

A study was carried out by Birmingham et al., (2001) to investigate the effects of a 

functional knee brace specifically designed for patients with varus gonarthrosis on 

measures of proprioception and postural control on testing day. Proprioception was 

measured in the sitting position using an isokinetic dynamometer and was quantified as 

the ability to replicate target knee‐joint angles. Postural control was measured with a 

force platform using tests of single‐limb standing balance performed, during the patient 

was standing on a stable surface and on foam, and was quantified as the total length of 

the path of the centre of pressure. All tests were done with and without GII Unloader 

valgus brace. Proprioception was significantly improved following application of the 

brace [mean difference=0.7°, 95% confidence interval (CI) =0.2 to 1.1°). Postural control 

was not significantly changed by the use of the brace during the stable surface test (mean 

difference=2.6 cm, 95% CI=−4.3 to 9.5 cm) or the foam surface test (mean 

difference=0.9 cm, 95% CI=−7.5 to 9.4 cm). The observed improvement in 

proprioception may be partially responsible for stated improvements in function and 

quality of life with the use of a brace. 

Birmingham et al., (2001) investigated the effects of a functional knee brace on static 

balance on testing day; in our study I will investigate the effects of a valgus knee brace 

on dynamic balance by a modified star excursion balance test (SEBT) over a period of 6 

weeks and 3 months rather than only static balance on the day test. 

A study was undertaken by Chuang et al., (2007) to evaluate the effects of knee sleeves 

on static and dynamic balance in knee OA patients on the same day of the test. The tests 

were carried out on barefoot patient and were asked to stand with their body central line 

perpendicular to the floor and slightly widen their legs so that their feet were aligned with 

their shoulders. They could slightly alter their posture until they felt comfortable with the 
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proper position. Subjects were examined with knee flexed at about 10° and with their 

arms across their chests. Each patient was given at least a 5-minute practice period to 

become familiar with the balance device for both static and dynamic balance test. All 

patients completed three consecutive balance trials in both static and dynamic conditions 

on the platform. The results of this study showed that medial compartment knee OA 

patients wearing knee sleeves might increase balance ability in both static and dynamic 

conditions. This improvement could lead to prevent/help knee OA patients from falling 

down and enhance their sense of safety during daily living activities. 

Chuang et al., (2007) investigated the effects of a functional knee brace on static balance 

on testing day; in our study I will investigate the effects of a valgus knee brace on 

dynamic balance by a modified star excursion balance test (SEBT) over a period of six 

weeks and three months rather than on the day test. 

Ramsey et al., (2007), studied the degree to which valgus-producing (apply an external 

valgus (abduction) moment to the knee) unloader braces (fitted with a custom Generation 

II Unloader for two weeks) control knee instability and influence muscle co-contractions 

during gait. Co-contraction indices (simultaneous antagonist muscle activation) were 

derived for the following muscle pairs: vastus lateralis - lateral hamstring, vastus medialis 

- medial hamstring, vastus lateralis-lateral hamstring, vastus medialis-medial 

gastrocnemius, and vastus lateralis-lateral gastrocnemius muscles. Muscle responses were 

calculated from 100 msec prior to initial contact (to account for an electromechanical 

delay) to the first peak knee adduction moment. This interval was normalized to 100 data 

points. The co-contraction of the vastus lateralis-lateral hamstrings was significantly 

reduced from baseline in both without (p = 0.014) and with valgus setting (p = 0.023), 

and the co-contraction of the vastus medialis-medial hamstrings was significantly 

reduced with the valgus setting (p = 0.068), as a result of bracing. Patients with higher 

varus alignment had higher reduction in vastus lateralis-lateral hamstring muscle co-

contraction. 

Ramsey et al., (2007) investigated the effect of a custom Generation II Unloader for two 

weeks on muscle co-contraction during walking only. However, our study will 
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investigate the effect of a valgus knee brace on muscle co-contraction over a period of 

three months during walking, ascending and descending stairs rather than short period 

and during walking only.  

Furthermore, Fantini Pagani et al., (2012) analysed the effect of a valgus knee orthosis 

(Genu Arthro 28K20/21) on the electromyographic activity (EMG) of seven muscles 

(rectus femoris (RF), vastus lateralis (VL), vastus medialis (VM), medial hamstring 

(MH), lateral hamstring (LH), gastrocnemius lateralis (GL) and gastrocnemius medialis 

(GM)) of the lower limb during gait in patients with knee osteoarthritis. Co -contraction 

ratios (CCRs) were calculated for different muscle pairs and muscle groups. The muscle 

groups works as agonist and antagonist in the frontal and sagittal planes: medial (VM, 

MH, GM)/ lateral (VL, LH, GL) muscles and knee flexors (MH, LH, GM, GL) /extensors 

(VM, RF, VL). The muscle pairs are characterized by two muscles which work as agonist 

and antagonist: MH/ LH, VL/GL, VL/LH, VM/MG, VM/MH. Twelve subjects with 

medial knee osteoarthritis walked on a treadmill in three different conditions: without 

orthosis, with a knee orthosis in 4° valgus adjustment and with an orthosis in a neutral 

flexible adjustment. Significant reduction in muscle activity and CCRs were detected 

with the use of the knee orthosis in both adjustments compared to the condition with un-

orthosis. Medial/lateral CCR reduced significantly during the late stance and the 

flexor/extensor CCR reduced significantly during the loading phase and late stance with 

using the valgus brace. With the neutral flexible adjustment, decreases of muscle pairs 

CCRs were detected. The results of this study support the theory of a probable useful 

effect of knee braces in decreasing knee loading by reducing muscle activation and co-

contraction levels, which could leading to slow progression of the disease in patients with 

knee osteoarthritis. 

Fantini Pagani et al., (2012) investigated the effect of Genu Arthro Knee Orthosis on the 

day test on muscle co-contraction during walking only. However, our study will 

investigate the effect of a valgus knee brace on muscle co-contraction over a period of 

three months during walking, ascending and descending stairs rather than day test and 

during walking only. 
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A study was undertaken by Toriyama et al., (2011) to evaluate the effects of bracing on 

the kinematics and kinetics of involved and contralateral joints during gait on testing day. 

They used the Unloader® One (Össur, Reykjavik, Iceland) valgus knee brace which 

combines a streamlined flexible upright with a medial hinge to account for two leverage 

points with an opposing force from the dynamic dual force straps that cross over the knee 

to disperse a counter force across two lateral-aspect points of the knee. With bracing, the 

ipsilateral hip showed a lesser adduction angle during 1%–49% of the stance phase, and a 

lesser abduction moment at the second peak during the stance phase than the hip, 

compared to no bracing. In bracing, the contralateral hip demonstrated a more noticeable 

peak extension moment and the abduction moment decreased at the first peak, and the 

contralateral knee adduction angle enlarged during 46%–55% of the stance phase, when 

compared to no bracing. 

Toriyama et al., (2011) used the same valgus knee braces we will use in our study; they 

investigated the effect of valgus knee brace on the kinematics and kinetics of involved 

and contralateral joints during gait on testing day. However, our study will investigate the 

effect of a valgus knee brace on the kinematics and kinetics of involved and contralateral 

joints over a period of three months during walking, ascending and descending stairs 

rather than day test and during walking only, to find out if the contralateral joints (hip, 

knee, ankle) affecting after wearing the brace over a period of three months during 

walking, ascending and descending stairs. 

 

2.11 Gap in literature 

In reviewing the literature on valgus knee braces, it is apparent that the majority of the 

previous literature  has investigated the immediate effect of valgus knee brace on knee 

loading (Lindenfeld et al., 1997; Draganich et al., 2006; Gaasbeek et al., 2007; Fantini 

Pagani et al., 2010; Toriyama et al., 2010; Karimi et al., 2012), muscle co-contraction 

(Ramsey et al., 2007; Fantini Pagani et al., 2012), muscle strength (Hurley et al., 2012) 

and balance (Birmingham et al., 2001; Chuang et al., 2007) rather than after a period of 

time during wear. None of these studies have investigated the effect of a period of 
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wearing valgus knee braces on knee loading (EKAM) which has a strong relationship 

with improvement in pain, function, balance, proprioception and muscle strength 

according to previous studies which they reported a valgus knee brace can decelerate 

disease progression in patient with knee OA. Therefore, a longer duration study is needed 

to ensure that these results remain after a period of time. 

The literature on muscle co-contraction and its role in medial knee OA has demonstrated 

this to be an important factor in medial joint contact force (Trepczynski et al., 2014), and 

therefore understanding if valgus knee braces alter this co-contraction is needed. There 

have been no studies examining the effect of valgus knee braces on muscle co-

contraction. This is linked with the un-documented opinion that knee valgus bracing 

would reduce the muscle strength (perceived to be that the brace takes the load and 

muscle atrophy would occur) and control around the knee and weakens the joint so 

evidence is needed to confirm or refute this theory. 

As seen in the previous literature, all of the published material is on walking activities 

primarily even though individuals with medial knee OA find ascending and descending 

stairs the most challenging activity. At the start of this work, there were no literature that 

has assessed the effect of a valgus knee brace on kinematics and kinetics of ascending 

and descending stairs in individuals with medial knee OA. Whilst some studies have been 

performed recently they only assessment immediate outcomes (Moyer et al., 2012), 

therefore, the longer term assessment are needed. 

The other important area to note is that whilst there have been many studies on valgus 

knee braces, there has not been a complete study which has included both clinical 

outcomes measures and biomechanical outcome measures in the same study with the 

same brace. This is vital in order to fully understand quantify and the mechanistic action 

of valgus knee braces.  

In order to fulfill these gaps in the literature we plan to perform a trial whereby 

individuals with medial knee OA would wear a valgus knee brace for a period of three 

months with an interim assessment at six weeks for pain and muscle strength/function.  
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The aims and hypotheses of the thesis are therefore: 

1. To determine whether a valgus knee brace reduces the EKAM over a period of 3 

months both with the brace on and with the brace off. 

Hypothesis 1a: Medial knee loading is reduced with valgus knee brace and it is reduced 

more after 3 months of use than immediately. 

Hypothesis 1b: In brace users, medial knee loading is reduced after 3 months of use, even 

with the brace not worn. 

2. To determine whether a valgus knee brace reduces pain over a period of 3 months 

Hypothesis 2: Pain in the affected knee is reduced when using a valgus knee brace. 

3. To determine whether a valgus knee brace changes muscle strength/function over a 

period of 3 months. 

Hypothesis 3: Muscle strength is increased in the affected knee when using a valgus knee 

brace 

4. To determine whether a valgus knee braces changes alters muscle activity profiles over 

a period of 3 months. 

Hypothesis 4: Muscle co-contraction patterns are reduced after wearing a valgus knee 

brace. 
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CHAPTER THREE 

TEST-RETEST RELIABILITY OF WEARING VALGUS 

KNEE BRACE ON THE EXTERNAL ADDUCTION 

MOMENT (EKAM) DURING WALKING AND 

ASCENDING, AND DESCENDING STAIRS IN SUBJECTS 

WITH KNEE OSTEOARTHRITIS. 

 

3.1 Introduction  

When we stand, walk or climb stairs, our weight is transmitted through our knee joints. 

The way this weight is transmitted and its measurement are known as load. We aim to 

gain a more thorough understanding of the loading on the knee joint with aging in 

individuals with osteoarthritis, and to assess the effect of wearing assistive devices on this 

loading. No study has performed repeated examinations on valgus knee brace and this 

information will help to determine the reliability of such measures for the study which is 

planned. This study will be an important addition to the current research and will enable 

the researchers to understand the measurement error of the approach. 

 

3.2 Aims 

This study focuses on the measuring the load transferred through the knee joint when 

walking and ascending, and descending stairs in subjects with osteoarthritis of the knee 

joint. The aim is to ensure that the knee valgus brace can be applied in the same way at 

two test sessions so that an understanding of the reliability of the application of the brace 

can be understood. Therefore, this study will determine the intra- and inter-trial reliability 

of walking and stair ascent and descent whilst using and not using a valgus knee brace. 

This was assessed over two different test sessions with two weeks between them. 

 

 

 



55 

3.3 Background  

Clinical gait analysis is an important method in which to assess the effects of different 

interventions on gait kinematic and kinetic data, the outcome of a clinical analysis can be 

affected by several factors that cannot be totally eliminated during measurement. There 

are several factors which can be controlled to diminish measurement error including 

marker positioning, faulty equipment, walking speed, or data processing errors (Schwartz 

et al., 2004). Positioning of markers on bony prominences create variability and increase 

measurement error (Cappozzo et al., 1996), and these bony prominences were more 

difficult to palpate due to covering by adipose tissue and layers of muscles (Baker, 2006). 

Markers location is an important factor for calculating and, determining the position of 

joint centres and any mistake in identifying of these markers would make error in the 

calculation of joints kinematic and kinetic data (Della Croce et al., 1997; Stagni et al., 

2000; Baker, 2006). 

Encouraging results (high repeatability) were achieved after test–retest reliability of gait 

data study from healthy individuals (Kadaba et al., 1989; Andrews et al., 1996) and 

patients (Birmingham et al., 2007).  

 

3.4 Methods 

Ethical approval was obtained from the University of Salford Research and Governance 

committee and informed consent was obtained from each individual. 

 

3.4.1 Participants: 

Seven patients (5 female, 2 male), were radiographically confirmed with medial knee 

OA, participated in the study. Participants were recruited from within Salford University 

staff population.  
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In order to be eligible for the study the following inclusion and exclusion were adopted: 

Inclusion criteria:   

To define medial knee OA, a patient must meet all of the following: 

1 Pain with walking (using Knee Osteoarthritis Outcome Score (KOOS) question, 

they need to have at least mild pain walking on a flat surface) – Clinical diagnosis by 

qualified clinician 

2 On AP or PA view x-ray (weight bearing, if possible), they need to have definite 

medial narrowing ≥ lateral narrowing and evidence (osteophyte) of OA – Radiographic 

diagnosis. Medial tenderness either by their own indication that this is where they have 

pain or by examination showing tenderness at the medial TF joint line – Clinical diagnosis 

by qualified clinician 

3 If potential participants have had a MR scan or arthroscopy as part of their usual 

clinical care. As well as using the K-L score of grade 2 or 3 for plain radiographs, we will 

use the documented evidence of at least grade 1 arthritis on arthroscopy. 

4 They are able to walk for 100 metres non-stop – Participant response. 

Exclusion criteria: 

Participants were excluded if the pain is more localised to the patellofemoral joint on 

examination than medial joint line, have tricompartmental knee osteoarthritis or have 

grade 4 medial tibiofemoral osteoarthritis (MTOA) on the Kellgren Lawrence scale. 

Other exclusions include a history of high tibial osteotomy or other realignment surgery 

or total knee replacement on the affected side or any foot and ankle problems that will 

contraindicate the use of the footwear load modifying interventions. In addition, 

participants were excluded if they have severe coexisting medical morbidities, or currently 

use, or have used, orthosis of any description prescribed by a Podiatrist or Orthotist. If the 

participants cannot walk for 100 metres without stopping they will  also be excluded as 

they may be unable to complete the full testing protocol. We excluded if the brace is not 

likely to work because the leg is too large; or if there has been an intra-articular steroid 

injection into the painful knee in the last month. 
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3.4.2 Procedures: 

3.4.2.1 System calibration 

In order to collect the kinematic and kinetic data, the camera system needs to be 

calibrated.  The reference object, an L-shaped metal frame with four markers attached to 

it, is placed on the corner of the first force platform parallel to its Y and X axes with a 

predefined distances between the markers and the origin of the force platform coordinate 

system (i.e. the corner of the platform) were automatically calculated and inputted into 

the software (Winter, 2009) (Figure 3-1). The reference object defines the origin of the 

laboratory (global) co-ordinate system, together with X (medial/lateral) axis, Y 

(anterior/posterior) axis, and Z (the vertical) axis.  

 

 

Figure 3-1: L-shaped metal frame. 

 

To perform the system calibration, a wand equipped with two markers is randomly 

moved around the testing space for 60 seconds while the L-shaped rigid frame still on the 

force platform to determine the location (position and orientation) of the 16 cameras 
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relative to the laboratory coordinate system (Payton and Bartlett, 2008) (Figure 3-2). 

After the calibration process is completed, both the calibration residual results for each 

camera and the standard deviation of the wand length were below 1mm.  

 

 

Figure 3-2: Wand equipped with two markers. 

 

3.4.2.2 Kinematic and kinetic data collection 

Kinematic data and kinetic data were collected by an infra-red motion capture system that 

emits infra-red light, which is returned from the markers back to the camera to provide 

the two-dimensional position of each marker. The three-dimensional position of each 

marker is then calculated from the collected of two-dimensional positions and the relative 

position of the cameras to the laboratory organize system (Kaufman and Sutherland, 

2006). A minimum of two cameras are needed to identify each marker at one time to 

determine its three-dimensional location (Cappozzo et al., 2005). For the marker set 

adopted in this study, at least three non-collinear markers on a body segment must be 

seen by the cameras to define its location and alignment. When the location and 
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alignment of the nearby body segment is determined in the same way, the angle between 

the two segments can be calculated (i.e. ROM) (Kaufman and Sutherland, 2006). The 

force platform data together with the kinematic data (i.e. ROM and inertial parameters of 

anatomy) allow inverse dynamics to be performed to calculate the hip, knee, and ankle 

external moments (Winter et al., 1990). 

3.4.2.3 Kinematic and kinetic data devices 

Kinematic data were collected by sixteen infrared cameras (Qualisys Oqus computerised 

motion analysis system (Qualisys, Gothenburg, Sweden) at 100Hz (Figure 3-3). that were 

used to measure the 3-dimensional positions of retro-reflective markers that was attached 

to each individual's skin over bony landmarks in both lower limbs using hypo-allergenic 

adhesive tape at the foot (on the 1st, 2
nd

, 5th metatarsal heads and Calcaneal tubercle), 

ankle (medial and lateral malleolus), knee (lateral and medial femoral condyle, tibial 

tuberosity and fibular head), thigh (greater trochanter) and pelvis (right and left anterior 

superior iliac spine, right and left posterior superior iliac spine, and right and left iliac 

crest). Fixed cluster pads made of plastic (with four markers on each) was attached to the 

shank, thigh and pelvis using Fabio Foam Super wrap bandages to minimize migration of 

these plates down the limbs (Figure 3-4). 
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Figure 3-3: The sixteen-camera Qualisys Oqus motion analysis system and four force platforms 

(AMTI BP400X600, AMTI, USA) at gait lab. 

   

Figure 3-4: Retro-reflective markers from (A) anterior and (B) posterior view. 

A B 
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Kinetic data (ground reaction force and centre of pressure) was obtained using two force 

platforms (model BP400600, AMTI (AMTI: Advanced Mechanical Technology 

Incorporation), Watertown, MA, USA) at 200Hz. The individual stood on a force 

platform for 10 seconds and a static 3-dimensional image from the sixteen infra-red 

cameras was obtained. Each participant wore standard shoes (Ecco Zen) which are 

available to fit all sizes with and without an off-the-shelf Ossur UnloaderOne valgus knee 

brace (Figure 3-5) and was required to walk (at a self-selected speed) five times over a 

flat surface (ensuring successful contact with the force platforms) and ascend and 

descend three stairs for three times without using a handrail. A handrail was available if 

the subject needed to use this for safety. Stair trials were performed on a three stair 

laboratory stairway. The stairway was designed and built by AMTI (Della Croce and 

Bonato, 2007) (Figure 3-6) which fixes securely with bolts into the top surface of the 

force platform. The stairway was fixed firmly to two force platforms embedded in the 

walkway. It was built in three stairs (steps), the first stair (the lowest one) was attached to 

the second force platform, the second stair (the middle one) was attached to the first force 

platform, and the third stair (the highest one) was attached to the second force platform. 

Kinetic data for three stair climbing stairs and a transition step from level ground (where 

the floor immediately before the first stair is a part of the first force platform) to 

ascending or from descending to level ground was collected by these two force platforms. 

The force platforms were adapted to allow autonomous measurement of the forces over 

each stair separately during stair climbing. Thus, the GRF of first step on the first stair 

and the third step on the third stair was measured by second platform when a foot 

contacts the stair and the force platform measures two separate GRFs from the foot as if it 

contacted two different platforms. 
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   Figure 3-5:  Ossur UnloaderOne valgus                Figure 3-6: The AMTI Stairway 

                        knee brace 

Two test conditions were tested: 

1. Condition 1: Standard control shoe – The participant wore standard shoes which will 

provide a baseline dataset for the footwear conditions. 

2. Condition 2: Standard control shoe with a valgus knee brace – The participant was 

asked to wear standard shoes and a valgus knee brace. For the brace fitting, the axis of 

the brace was positioned on the medial epicondyle, with the subject sitting with flexed 

knee about 90°. The upper strap was fitted firstly then the lower strap, after fitting the 

brace on the affected leg, the straps were adjusted to produce a firm tension to avoid 

slipping down and, without soft tissue binding.  

 The order of interventions was randomised according to the following website 

(www.randomisation.com) to ensure that carry-over effects are minimised and reduce 

bias. Individuals were asked to come back to the laboratory for a re-assessment two 
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weeks later so that repeatability data of the gait kinematics and kinetics whilst using the 

standard control shoe and valgus knee brace were obtained. 

3.4.2.4 Biomechanical model 

A variety of markers sets have been suggested but the most common one in clinical use 

are some variations of the Helen Hayes (HH) set (Kadaba et al., 1990). The Helen Hayes 

(HH) was a previous model with disadvantages as it only adopts three rotational degree 

of freedom (DOF) for the hip and knee and two DOF for the ankle. Part of the historical 

rationale for this model was that the measurement systems were less advanced (low 

resolution imaging systems) so  a small number of markers were used with a big distance 

between them (Della Croce et al., 2005). Additionally, in this model the anatomical 

markers are used to track movement, which results in the propagation of errors to the 

distal segments due to inaccuracies in the movement of proximal segments. This 

introduces error to the measurement (Schwartz et al., 2004; Cereatti et al., 2007). 

Therefore, a six DOF marker set was developed in which the technical markers track the 

movement of each segment independently, and allowing 6DOF (3 rotational and 3 

translational) at each joint (Cappozzo et al., 2005, Cereatti et al., 2007). This model has 

been showed to reduce some of the errors presented by previous models (Cereatti et al., 

2007). In addition, 6DOF is preferable because it has showed comparable performance 

and overcomes an amount of HH theoretical limitations (Collins et al., 2009). 

3.4.3 Data processing and statistical analysis 

3.4.3.1. Data processing 

Each successful walking (five trials for each participant), and ascending and descending 

trials (three trials for both ascending and descending for each participant) were collected 

on each of 2 separate days for a total of 10 trials for walking and six trials for ascending 

and descending for each subject. Following this, all data were processed in Qualisys 

Track Manager Software Version 2.8 Beta Build 835, then each marker was labeled and 

any abnormal movements in marker trajectories were corrected. All these trials during 

walking, ascending and descending were then exported as a C3D to Visual 3D (V3D) 

software (Version 4.91, C-Motion Inc, Rockville, MD, USA).  
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A six-degree of freedom model for the lower limbs were built. The model contained of 

rigid segments attached to the joints (Figure 3.7). Each segment/joint is considered to 

have six variables that describe its pose (3 variable describe the position of the origin, 3 

variables describe the rotation) in 3D space, namely 3 variables describe the segment 

translation in three perpendicular axes (vertical, medial-lateral and anterior-posterior) and 

3 variables describe the rotation about each axes of the segment (sagittal, frontal and 

transverse). Subject’s body mass (in kilograms (kg)) and height (in metres) and were 

entered into the software for usage use in kinetic calculations. Each segment of Pelvis, 

thigh, shank, and foot was modelled to determining the proximal and distal joint/radius 

and the tracking markers as illustrated in table 3-1. 

  

Figure 3-7: (A) Static subject model in QTM™. (B) Bone model in Visual 3D™ (Anterior view).  
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Table 3-1: Visual 3D™ model segments 

Segment Proximal radius/joint Distal radius/joint Tracking markers 

Pelvis - Right anterior 

superior iliac spine 

- Left anterior superior 

iliac spine 

 

- Right posterior 

superior iliac spine 

- Left posterior 

superior iliac spine 

Pelvis cluster pad (4 tracking 

markers) 

Thigh 

- Hip joint centre
•
 

- Greater trochanter 

- Medial femoral 

condyle 

- Lateral femoral 

condyle 

Thigh cluster pad (4 tracking 

markers) 

Shank - Medial femoral 

condyle 

-Lateral femoral 

condyle 

- Medial malleolus 

- Lateral malleolus 

Shank cluster pad (4 tracking 

markers) 

Foot - Medial malleolus 

- Lateral malleolus 

- 1
st
 metatarsal head 

- 5
th

 metatarsal head 

Superior/inferior calcaneus, 

medial/lateral calcaneus 

Virtual 

foot 

-Medial malleolus 

floor 

- Lateral malleolus 

floor 

- 1
st
 metatarsal head 

floor 

- 5
th

 metatarsal head 

floor 

 

•Hip joint centre is automatically calculated by using anterior and posterior superior iliac spine 

markers using the regression equation by Bell and Brand (1990) 

All kinematic data were interpolated, low pass filtered, and then gait events created after 

building a six free dome model. Kinematic and kinetic data were filtered using a 

Butterworth 4th order bi-directional filter with a cutoff point of 6Hz for kinematics 

(Winter, 2009) and 25Hz for kinetics (Schneider and Chao, 1983).  

For the stairs data and especially for the kinetic data analysis it was necessary to add two 

force structures in Visual 3D™. The location and dimensions between stair corners were 

computed in relation to the global coordinates and the two force platforms using AMTI 

force structure as illustrated in figure 3-8. 
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 Figure 3-8: AMTI stairway force structures. 

In studying the results from the two sessions, normalised stance phase was used for the 

kinetic data and normalised gait cycle was used for the kinematic data during walking 

and ascending, and descending stairs. Following this, each gait parameter of interest was 

exported from V3D to Microsoft Excel 2010 (Microsoft, Washington, USA). 

3.4.3.2 Statistical analysis 

To assess the test-retest reliability of gait data, the shapes of the waveforms 

demonstrating the different gait parameters were explored in detail. For between-day test-

retest reliability, 10 trials were compared (i.e. five on each day) to determine these 

similarities. The coefficient of multiple correlations (CMC) was used in this study to 

assess between-day repeatability of kinematic and kinetic waveform data. The CMC was 

used before by Kadaba et al., 1990 and Growney et al., 1997. The nearer the result is to 1, 

the greater the test-retest reliability, and specifically similar waveforms with values 

greater than 0.8 demonstrate high test-retest reliability (Growney et al., 1997; Collins et 

al., 2009).  

The standard error of measurement (SEM) is the amount of variation in the results. It was 

calculated to determine absolute reliability, with lower SEM demonstrating good 

reliability (Baumgartner, 1989), to enabling a clinicians and researchers an estimate of 
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the range of real change in an outcome measure rather than measurement error. The SEM 

was calculated by using this equation: SEM = SD*(√1-ICC) (Harvill, 1991).  

3.5. Results 

3.5.1 Test participants 

Seven patients with knee OA participated in the study; five women and two men (mean 

age 58(SD 5.88) years; age range 52-65 years; mean height 162 (SD11.04) cm; height 

range 164-177 cm; mean mass 81(SD 14.05) Kg; weight range 55.5- 97 Kg). They 

attended the two testing sessions separated by 14 (SD 5) days.  

3.5.2 Test-retest reliability of gait kinematics and kinetics 

Walking speed did not change significantly in the valgus knee brace (p= 0. 34, 0. 89 and 

0.08) and shoe only condition (p= 0. 49, 0. 20 and 0.06) during walking, ascending and 

descending stairs respectively. Walking speed during the test was monitored and those 

trials with walking speed beyond +/- 10% of the average speed were excluded from the 

final results. The results demonstrated very good repeatability in the valgus knee brace 

(CMC 0.89, 0.74 and 0.69) and shoe only condition (CMC 0.85, 0.69 and 0.71) during 

walking, ascending and descending stairs respectively between sessions of different days. 

The lowest test-retest reliability was when the valgus knee brace was worn with standard 

shoe during descending stairs with a CMC of 0.69. The mean, SD and SEM between-day 

CMC results of joint ROM and moments for all patients are presented in table 3-2 and 

table 3-3. The primary outcome which is used in this thesis is the EKAM and this showed 

very good repeatability in the valgus knee brace (CMC 0.89, 0.74 and 0.69) and shoe 

only condition (CMC 0.85, 0.69 and 0.71) during walking, ascending and descending 

stairs respectively. 
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Table 3-2: Mean standard deviation (SD) and Standard error of measurement (SEM) of the 

coefficient of multiple correlations (CMC) of joint range of motion (ROM) and moment for all 

participants in Brace Condition.  

BRACE Walking Ascending Descending 

Mean SD* SEM* Mean SD SEM* Mean SD* SEM* 

Pelvic angles X 0.74 0.07 0.04 0.63 0.20 0.12 0.50 0.22 0.16 

Pelvic angles Y 0.70 0.23 0.12 0.93 0.05 0.01 0.86 0.11 0.04 

Pelvic angles Z 0.78 0.18 0.08 0.62 0.14 0.09 0.63 0.24 0.15 

Hip angles X 0.96 0.03 0.01 0.90 0.08 0.03 0.73 0.15 0.08 

Hip angles Y 0.90 0.04 0.01 0.81 0.14 0.06 0.70 0.17 0.09 

Hip angles Z 0.68 0.21 0.12 0.52 0.12 0.08 0.55 0.16 0.11 

Hip moments X 0.97 0.01 0.00 0.84 0.05 0.02 0.60 0.14 0.09 

Hip moments Y 0.97 0.01 0.00 0.79 0.19 0.09 0.76 0.18 0.08 

Knee angles X 0.98 0.02 0.00 0.89 0.17 0.06 0.94 0.06 0.02 

Knee angles Y 0.61 0.40 0.25 0.70 0.19 0.11 0.50 0.19 0.13 

Knee angles Z 0.62 0.20 0.12 0.63 0.23 0.14 0.59 0.21 0.14 

Knee moments X 0.93 0.04 0.01 0.79 0.22 0.10 0.73 0.12 0.06 

Knee moments Y 0.89 0.11 0.04 0.74 0.20 0.10 0.69 0.15 0.08 

Virtual ankle X 0.98 0.01 0.00 0.79 0.23 0.10 0.97 0.01 0.00 

Foot progression Z 0.78 0.15 0.07 0.73 0.13 0.07 0.67 0.23 0.13 

Ankle moments X 0.99 0.01 0.00 0.84 0.11 0.04 0.69 0.13 0.07 

*SD= Standard Deviation  SEM*= Standard error of measurement    X=Flexion/ Extension              

Y= Abduction/Adduction       Z= Internal/ External Roation 
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Table 3-3: Mean standard deviation (SD) and Standard error of measurement (SEM) of the 

coefficient of multiple correlations (CMC) of joint range of motion (ROM) and moment for all 

participants in in standard shoe condition. 

SHOE Walking Ascending Descending 

Mean SD* SEM* Mean SD* SEM* Mean SD* SEM* 

Pelvic angles X 0.64 0.12 0.07 0.53 0.22 0.15 0.63 0.17 0.10 

Pelvic angles Y 0.70 0.18 0.10 0.89 0.11 0.04 0.78 0.22 0.10 

Pelvic angles Z 0.80 0.15 0.07 0.64 0.16 0.10 0.54 0.18 0.12 

Hip angles X 0.96 0.03 0.01 0.90 0.06 0.02 0.72 0.16 0.09 

Hip angles Y 0.89 0.04 0.01 0.78 0.15 0.07 0.72 0.25 0.13 

Hip angles Z 0.68 0.17 0.09 0.50 0.22 0.16 0.61 0.16 0.10 

Hip moments X 0.96 0.02 0.00 0.76 0.20 0.10 0.60 0.15 0.10 

Hip moments Y 0.98 0.01 0.00 0.72 0.30 0.16 0.81 0.21 0.09 

Knee angles X 0.98 0.02 0.00 0.88 0.20 0.07 0.92 0.08 0.02 

Knee angles Y 0.67 0.38 0.22 0.65 0.19 0.11 0.58 0.21 0.14 

Knee angles Z 0.74 0.20 0.10 0.65 0.22 0.13 0.64 0.19 0.12 

Knee moments X 0.91 0.06 0.02 0.69 0.36 0.20 0.77 0.09 0.04 

Knee moments Y 0.85 0.20 0.08 0.69 0.29 0.16 0.71 0.21 0.11 

Virtual ankle X 0.98 0.01 0.00 0.80 0.17 0.07 0.95 0.03 0.01 

Foot progression Z 0.77 0.10 0.05 0.57 0.02 0.01 0.59 0.23 0.15 

Ankle moments X 0.99 0.01 0.00 0.78 0.22 0.11 0.70 0.19 0.10 

*SD= Standard Deviation      SEM*= Standard error of measurement     X=Flexion/ Extension                     

Y= Abduction/Adduction   Z= Internal/ External Roation 
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3.6 Discussion 

The high degree of repeatability for the time distance parameters confirms with previous 

studies founded (Kadaba et al., 1990, Growney 1997). The patients were instructed to 

walk at a self-selected (with in normal speed) in this study. Thus measureable time of gait 

and ascending and descending was very repeatable. Walking speed did not change 

significantly in the valgus knee brace (p= 0. 34, 0. 89 and 0.08) and shoe only condition 

(p= 0. 49, 0. 20 and 0.06) during walking, ascending and descending stairs respectively. 

Most previous studies have investigated between-day reliability of hip, knee, ankle 

moment and angle in healthy subject and used a different marker set (the Helen Hays) 

(Kadaba et al., 1989; Andrews et al., 1996; Growney et al., 1997; Tsushima et al., 2003). 

Gait test-retest reliability done by Growney et al. (1997) was conducted on five subjects. 

Also, Gait test-retest reliability done by Tsushima et al. (2003) was conducted on six 

subjects. 

The present between-day CMC for the EKAM of 0.89, 0.74 and 0.69 respectively during 

walking, upstairs and down stairs in brace condition and between-day CMC of 0.85, 0.69 

and 0.71 respectively during walking, upstairs and down stairs in shod walking condition 

can be described as indicating good test–retest reliability of EKAM in knee OA patients. 

These finding conformed to the previous reliability studies reports that have evaluated 

healthy subjects (Kadaba et al., 1989; Andrews et al., 1996; Growney et al., 1997; 

Tsushima et al., 2003) and patients (Birmingham, 2007) during walking, however no 

studies have reported on healthy or non-healthy subjects during ascending and 

descending stairs. Additionally, this repeatability data on the cluster based approach used 

in this thesis is the first time this has been presented. Kadaba et al, 1989, examined forty 

healthy subjects on 3 different days and stated that the EKAM was highly repeatable 

(CMC 0.9). Andrews et al., 1996, examined 11 healthy subjects on different days and 

also reported that the knee adduction moment was highly repeatable. Birmingham et al., 

2007, tested 31 patients with medial knee OA on 2 sparest days and stated that the peak 

of EKAM was highly repeatable (ICC 0.86).  All these studies suggested that the EKAM 

was applicable for use when distinguishing among patient which can be done in clinical 

examinations of different interventions.  
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The present between-day CMC of 0.98, 0.89 and 0.94 respectively during walking, 

upstairs and down stairs in brace condition and between-day CMC of 0.98, 0.88 and 0.92 

respectively during walking, upstairs and down stairs in shod condition can be described 

as indicating excellent test–retest reliability of sagittal knee angle in knee OA patients. 

Otherwise, The results showed lower value of frontal angle repeatability in the valgus 

knee brace (CMC 0.61, 0.70 and 0.50) and shoe only condition (bCMC 0.67, 0.65 and 

0.58) during walking, ascending and descending stairs respectively. These results agree 

with previous reliability reports that have evaluated healthy participant (Kadaba et al., 

1989; Growney et al., 1997). A study done by Growney et al., 1997, showed excellent 

repeatability between test days in the sagittal plane the hip, knee, and ankle angle. 

However, the Frontal and transverse plane angle were considerably lower in repeatability 

between-days.  They found the variability of these data between test days was due to 

errors in re-application of mid-thigh and mid-calf wands. This is potentially an influence 

of the marker set that they adopted. Collins et al. (2009) stated high between-day hip, 

knee, and ankle ROM test-retest reliability in the sagittal and coronal planes in ten 

healthy subjects (bCMC rang 0.82-1.0) 

3.7 Conclusion  

This is the first study that has shown repeatability with the cluster model adopted for this 

thesis in individuals with medial knee OA. The data has also showed the repeatability of 

applying a valgus knee brace at two different test sessions which allows this to be taken 

forward into the main study. This ensures that any difference seen above the SEM is due 

to the brace effect and not due to the fitting of the valgus knee brace. Furthermore, this is 

the first study to demonstrate the repeatability of walking and ascending and descending 

stairs on EKAM and with the application of a valgus knee brace.  
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CHAPTER FOUR 

THE EFFECTIVENESS OF VALGUS KNEE BRACING IN 

SUBJECTS WITH MEDIAL KNEE OSTEOARTHRITIS: 

UNLOAD STUDY 

4.1 Synopsis:  

Knee valgus braces are one conservative treatment that has been used in daily care which 

aims to target the EKAM. Research studies have found improvements in pain, physical 

function, and changes in the kinematic and kinetic. However, the majority of these 

studies are of increasingly short duration, look at outcome measures with the brace in 

situ, investigate the immediate effects rather than after a period of time, and have tended 

to look at the outcome measures individually rather than as a complete trial (Polo et al., 

2002; Dragnich et al., 2006; Ramsey et al., 2007; Fantini Pagani et al., 2010). Therefore, 

to enable a complete picture of valgus knee braces, a study would need to combine 

clinical and biomechanical outcome measures, to be able to quantify the mechanistic 

action of valgus knee bracing.  

As seen in the previous literature review, all of the published material for valgus knee 

braces is on level walking. However, the primary complaint of individuals with medial 

knee OA is that stair ascending and descending are the most challenging activity 

(reference). No study, to the author’s knowledge, has assessed the effect of a valgus knee 

brace on the kinematics and kinetics of ascending and descending stairs in individuals 

with medial knee OA. Since the conception of this thesis, one study assessed this but this 

was an immediate assessment and not over an extended duration of wear (Moyer et al., 

2012). Therefore, to understand the true effects of the valgus knee brace in question, an 

assessment during walking and stair climbing is needed to determine its effectiveness. 

Therefore, the following aims and hypotheses are directly related to this chapter: 

1. To determine whether a valgus knee brace reduces the EKAM over a period of 3 

months both with the brace on and with the brace off. 
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Hypothesis 1a: Medial knee loading is reduced with valgus knee brace and it is reduced 

more after 3 months of use than immediately. 

Hypothesis 1b: In brace users, medial knee loading is reduced after 3 months of use, even 

with the brace not worn. 

2. To determine whether a valgus knee brace reduces pain over a period of 3 months 

Hypothesis 2: Pain in the affected knee is reduced when using a valgus knee brace. 

3. To determine whether a valgus knee brace changes muscle strength/function over a 

period of 3 months. 

Hypothesis 3: Muscle strength is increased in the affected knee when using a valgus knee 

brace 

4. To determine whether a valgus knee braces changes alters muscle activity profiles over 

a period of 3 months. 

Hypothesis 4: Muscle co-contraction patterns are reduced after wearing a valgus knee 

brace 

The following sections will present the study that was undertaken. 

4.2 Methods 

4.2.1 Sample population 

15 participants with age range of 40-85 diagnosed with unilateral symptomatic medial 

knee osteoarthritis grade 2 of Kellgren and Lawrence (KL) grading system and 3KL were 

recruited in this study.  
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In order to be eligible for the study the following inclusion and exclusion were adopted: 

Inclusion criteria:   

To define medial knee OA, a patient must meet all of the following: 

1 Pain with walking (using KOOS question, they need to have at least mild pain 

walking on a flat surface) – Clinical diagnosis by qualified clinician. 

2 On AP or PA view x-ray (weight bearing; if possible); they need to have definite 

medial narrowing ≥ lateral narrowing and evidence (osteophyte) of OA – Radiographic 

diagnosis. Medial tenderness either by their own indication that this is where they have 

pain or by examination showing tenderness at the medial TF joint line – Clinical diagnosis 

by qualified clinician. 

3 If potential participants have had a MR scan or arthroscopy as part of their usual 

clinical care. As well as using the K-L score of grade 2 or 3 for plain radiographs, we will 

use the documented evidence of at least grade 1 arthritis on arthroscopy. 

4 They are able to walk for 100 metres non-stop – Participant response. 

Exclusion criteria: 

Participants were excluded if the pain is more localised to the patellofemoral joint on 

examination than medial joint line, have tricompartmental knee osteoarthritis or have 

grade 4 medial tibiofemoral osteoarthritis (MTOA) on the Kellgren Lawrence scale. Other 

exclusions include a history of high tibial osteotomy or other realignment surgery or total 

knee replacement on the affected side or any foot and ankle problems that will 

contraindicate the use of the footwear load modifying interventions. In addition, 

participants were excluded if they have severe coexisting medical morbidities, or currently 

use, or have used, orthosis of any description prescribed by a Podiatrist or Orthotist. If the 

participants cannot walk for 100 metres without stopping they will  also be excluded as 

they may be unable to complete the full testing protocol. We excluded if the brace is not 

likely to work because the leg is too large; or if there has been an intra-articular steroid 

injection into the painful knee in the last month. 
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4.2.2 Recruitment and consent 

After getting NHS approval (Recording reference 12/NW/0419) (Appendix one), 

Participant Identification Centres included Salford Royal NHS Foundation Trust at Hope 

Hospital (Mr W Kim) (Appendix two), Stockport NHS Foundation Trust (Mr DS 

Johnson) (Appendix three), Central Manchester hospital (Appendix four) and after 

getting the ethical approval from Salford University (HSCR12/42) (Appendix five).  All 

Individuals who have been seen in the orthopaedic clinics of the named orthopaedic 

surgeons, who have a clinical diagnosis of medial tibiofemoral osteoarthritis (MTFOA), 

were informed of the nature of the study.  

An invitation letter and participation tear off slip were sent to all patients who were 

interested to take part in the study. When the participant was willing to enter the study, 

the researcher arranged a suitable date to attend the gait laboratory and an appointment 

letter was sent to them. 
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Recruitment Process 

  

 

  

   

 

 

  

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Patient who have been seen in the orthopaedic and 

physiotherapy clinics who have a clinical diagnosis of 

MTFOA  

Has the patient 

returned the 

participation slip? 

Would they like 

to Participate? 

 

Researcher contacts patient to 

discuss study further  

Do they still want to participate? 

YES 

NO 

No further 

contact 

NO 

Further attempts to 

contact if > 2 weeks 

since received 

information 

Entered onto Database original Data stored 

Baseline appointment booked 

A recruitment pack consisting of the 

following is sent: 

 Invitation Letter - Tear off slip 

 Patient Information Sheet –  

 Pre Paid Envelope 
 

Thank you for 

their time. No 

further contact 

NO 

YES 

YES 
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4.2.3 Study design 

The study design was a pre-post intervention repeated assessment with outcome measures 

recorded at baseline, six weeks and three months. Pain, muscle strength/ function 

(balance) measurements were taken at baseline, six weeks and three months and gait 

analysis and muscle co-contraction were taken at baseline, and three months. The study 

involved three visits to the gait laboratory to be conducted. Patients were contacted by 

telephone at regular intervals to ensure that they are not having problems with the valgus 

knee brace and pain and comfort scores were collected and documented. All outcome 

measures were assessed for the most affected knee 

 

4.2.4 Procedures 

Upon arrival at the gait laboratory at Salford University, patients were briefed through the 

study and explained the objectives of the investigations and the equipment in the gait 

laboratory. At this time, they were asked to sign the informed consent form after read it. 

Then, demographic details such as date of birth, height and mass were recorded. They 

were asked to complete the Knee Osteoarthritis Outcome Score (KOOS). Then, the 

patients were assessed to determine the correct size of shoe (Ecco Zen) and valgus knee 

brace that the individual required. Patients were asked to change into their shorts and a 

comfortable t-shirt. The patients then had the following assessments performed. 

4.2.4.1 Star Excursion Balance Test (SEBT):    

All patients were asked to stand on the affected leg in the centre of the grid of a modified 

Star Excursion Balance Test (SEBT). Depending on the direction to be tested, either 

facing the bar (A) or with their side to the bar (M), they were asked  to reach as far as 

possible along the bar by pushing a small block on the bar as far as possible, and return 

the reaching leg back to the centre. The patients were instructed to perform the test 

barefoot, retain their heel of the stance leg on the platform at all times; to bend their knee 

of the stance leg; to push the block gradually but not suddenly, and not slide it by 

stepping on it. If any of these instructions were not carried out by the patients, the trial 

was repeated. Each patient started with four training trials in the two directions (A, and 
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M), followed by three test trials performed in each direction for the affected leg (Figure 

4-1). The outermost distance they could reach was recorded by the location of the pushed 

block on the bar. The average of all of the three trials in each direction was used for the 

analysis.  

   

Figure 4-1:  The subject performed Star Excursion Balance Test in the A) anterior direction B) 

medial direction 

 

4.2.4.2 Gait analysis 

Qualisys motion analysis system (Qualisys, Gothenburg, Sweden) and two AMTI force 

platforms (AMTI BP400X600, AMTI, USA) were used to collect kinematic and kinetic 

data as per Chapter 3 section (4.2.3). Sixteen infrared cameras (Qualisys, Sweden) were 

used to capture the 3-dimensional positions of the retro-reflective markers that were 

attached to each subject's skin over bony landmarks in both lower limbs (on the 1
st
 , 2

nd
, 

5
th

  metatarsal heads and Calcaneal tubercle), ankle (medial and lateral malleolus), knee 

(lateral and medial femoral condyle, tibial tuberosity and fibular head), thigh (greater 

trochanter) and pelvis(right and left anterior superior iliac spine (ASIS), right and left 

posterior superior iliac spine (PSIS), and right and left iliac crest). Fixed cluster pads 
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made of plastic (with four markers on each) were attached to the shank, thigh and pelvis 

to track their movements.  

At the beginning of each test condition, body mass was obtained by asking the patient to 

stand over one of the force platforms, meanwhile a static 3D image could be obtained by 

the sixteen infra-red cameras. All subjects were asked to perform three tasks in two 

conditions in a randomised order: 

Standing  

The individual was asked to stand on a force platform for 10 seconds and a static 3-

dimensional image from the sixteen infra-red cameras were obtained. 

Walking 

10 successful self-selected walks (clear foot contact with the force plates was regarded the 

acceptable trial) in each of the conditions performed. The participant scored the patient-

perceived global change in pain and their personal rating of comfort recorded. 

Stairs 

Patients were asked to perform five trials of three step stairs ascent and descent at a self-

selected speed starting every trial with the affected side at first step of stairs during climb 

up in step-over-step manner (Figure 4-2) and also starting every trial with the affected side 

during climb down in step-over-step manner without using the handrails. A handrail was 

installed to both sides of the stairs to prevent the patient from falling off at any time 

ascending or descending the stairs. 
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Figure 4-2: Forward step-over-step stair (A) without brace (b) with brace. 

All above three tasks were performed in shod condition with and without the valgus knee 

brace in place. The retro reflective markers and clusters were removed when the subject 

came to the assessment of the muscle strength/function. 

Two test conditions were tested: 

1. Standard control shoe – This provided a baseline dataset for the footwear 

conditions. 

2. Standard control shoe with a valgus knee brace – Standard shoes and a valgus knee 

brace.  

4.2.4.3 EMG measurement 

To measure the muscle activity with EMG (Surface electromyography (EMG) data were 

collected using a Noraxon Telemyo system (www.noraxon.com) at a sampling rate of 

3000Hz (Figure 4-3). The ground electrode was placed on the patella and EMG electrodes 

were placed parallel to muscle fibres on both legs: over the muscle belly of biceps femoris 

(at 50% on the line between the ischial tuberosity and the lateral epicondyle of the tibia) 

and semitendenosis (at 50% on the line between the ischial tuberosity and the medial 

epicondyle of the tibia) muscles whilst the participants were lying on their front and then 

A B 
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over the muscle belly of vastuslateralis (at 2/3 on the line from ASIS to the lateral side of 

the patella) and vastusmedialis (at 80% on the line between ASIS and the joint space in 

front of the anterior border of the medial ligament) whilst lying on their back. The location 

of each electrode was determined using SENIAM (Surface Electromyography for the 

Non-Invasive Assessment of Muscles) Guidelines (http://www.seniam.org/). The area was 

shaved (2-3 cm), wiped with alcohol and rubbed with hypo-allergenic gel to decrease skin 

impedance and improve EMG signal quality. Then a disposable self-adhesive electrode 

was placed on the skin in the direction of muscle fibres.   

 

 

  Figure 4-3: Noraxon Telemyo system 

Muscle activity profiles were used to determine any changes in the contraction of the 

muscles whilst using and not using the valgus knee brace. EMG data of each walking, 

ascending and descending trial were synchronised with the gait data. The EMG data from 

the muscles (Vastus lateralis, Biceps femoris, Vastus medialis and Semitendinosus) during 

these activities were analysed a raw signals in Visual3D. The data were filtered using a 

Butterworth 4th order bi-directional filter with a cutoff point of 50Hz and a moving root 

mean squared (RMS) algorithm was used to produce a linear envelope. The corresponding 

muscle activity during the MVIC was also analysed in the same manner. Each set of data 

from each muscle, and each activity, were exported as a text file to Microsoft Excel 2010 

(Microsoft, Washington, USA).The mean average of each maximum muscle activity of 

five trials was taken and normalising this maximum to the corresponding  MVIC. Muscle 

co-contraction was assessed between the antagonist and agonist muscle and assessed 
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using the equation from Rudolph et al. (2000) EMGS/EMGL*(EMGS+EMGL) where 

EMGS is the EMG activity level of the least active muscle between the two antagonists 

and EMGL is the EMG activity level of the more active muscle between the two 

antagonists (Rudolph et al., 2000). 

4.2.4.4 Muscle function procedures 

Maximum voluntary isometric contraction (MVIC) of the biceps femoris, semitendenosis, 

vastuslateralis and vastusmedialis muscles was measured using the Biodexisominetic 

dynamometer (Biodex Medical System, Shirley, N.Y., USA)  (Figure 4-4).  Muscle 

activity during MVIC was assessed to increase the reliability of the recorded EMG data 

during the walking trials by normalising it to the activity during MVIC as a reference 

point. The participant was sitting on the dynamometer chair with straps around his/her 

chest and waist to avoid any compensatory movement from other muscles. The Biodex 

arm was set to 45 degrees as this was the range at which the knee muscles gave their 

maximum force. For this assessment, the patients were asked to bend his/her knee with as 

much force as (s) he could against the Biodex arm (which will not move) and muscle 

activity of the biceps femoris and semitendenosis muscles were recorded. Three trials 

each lasted for 5 seconds was done with 10 seconds rest in between. Then, the participant 

was asked to straighten the knee with as much force as (s) he can against the Biodex arm 

and muscle activity of vastusmedialis and vastuslateralis were recorded. Three trials each 

lasting for 5 seconds were done with 20 seconds rest in between. This was done on 

affected side, then the EMG electrodes were removed and the participant allowed to rest. 

The strength of the knee flexors and extensors were assessed on the affected side using the 

Biodex isokinetic dynamometer. This involved assessing the strength of concentric 

contractions at 60°/s. Before testing, the procedure was explained followed by a practice 

trial. Flexion and extension strength were tested 5 times. 
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Figure 4-4: Biodex Medical System 

This whole testing session took approximately 2.5 hours to complete. After the tests were 

completed at the baseline session, the individual was given the study treatment and shown 

how to fit this correctly. 

 

4.2.5 Treatments: 

All participants were fitted and shown how to fit with the UnloaderOne (Ossur, Iceland) 

valgus knee brace. This brace is very light and easy to use and cannot be easily seen when 

wearing loose pants. These are important aspects to ensure adherence to the brace. All 

participants had their thigh and calf girth measured to ensure the correct brace was given 

to them. The brace was worn daily for at least four hours per day for a maximum time of 3 

months.  

 

4.2.6 Outcome measurements: 

4.2.6.1 Primary Outcomes measures: 

External knee adduction moment: 

The change in external knee adduction moment during the trials was recorded for both 

conditions to allow the investigators to determine the change in this measure. All sections 

of the knee adduction moment curve (different peaks) and also the knee adduction angular 

impulse (the area under the curve) were assessed for differences between conditions at 
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stance phase during walking and ascending and descending stairs. The EKAM and KAAI 

are an important data because they cover the first hypothesis of this study: 

Hypothesis 1a: Medial knee loading is reduced with valgus knee brace and it is reduced 

more after 3 months of use than immediately. 

Hypothesis 1b: In brace users, medial knee loading is reduced after 3 months of use, even 

with the brace not worn. 

Patient-perceived global change in pain: 

The KOOS questionnaire were recorded at three time points to allow different pain 

symptoms, activity daily living (ADL), sport/recreational and Quality of Life (QOL) 

scores to be collected to determine any changes in these measurements. All variables were 

enter in excel spread sheet from KOSS, all data were calculated in this sheet 

automatically. The score from 0-100 for each one of the KOSS variables, where the 100 

score showed excellent result. A repeated measurement analysis of variance (ANOVA) 

was used to find out the effect of wearing valgus knee brace on these variables at six 

weeks and three months in comparing to baseline. 

Dynamic balance: 

A modified Star Excursion Balance Test (SEBT) was used to assess dynamic balance. 

Anterior (A) and medial (M) directions were assessed at base line, six weeks and three 

months without valgus knee brace. Descriptive data (mean, SD) were calculated for 

excursion distances after taking the average of three trials for each patient in the A, and M 

directions on the three sessions. P-value was calculated by using a repeated measurement 

ANOVA after taking the average of each patient in each direction (A and M) to find out 

the effect of wearing valgus knee brace on the balance at six weeks and three months in 

comparing to baseline. 

Muscle function 

Peak torque in the flexors and extensors muscles were measured at baseline, six weeks 

and 3 months without valgus knee brace to determine any changes in muscle strength 

during the wearing valgus knee brace. P-value was calculated by using a repeated 
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measurement ANOVA after taking the average of the flexors and extensors muscles in 

concentric contractions at 60°/s and in isometric contraction at 45°/s to find out the effect 

of wearing valgus knee brace on the flexors and extensors muscles at six weeks and three 

months in comparing to baseline.  

Muscle co-contraction:  

The average co-contraction between VL-BF and VM-ST was assessed unilaterally in 

early-stance (0-33), mid-stance (34-67), and late-stance (68-100) during walking and in 

single limb support during stairs ascent and descent. 

4.2.6.2 Secondary Outcome measures: 

Gait characteristics: 

Kinematic and kinetic data (GRF, sagittal knee moment) of the knee on the affected and 

Kinematics and kinetics data (EKAM, KAAI, GRF, sagittal knee moment) of the knee on 

the contralateral leg in the coronal and sagittal planes and temporo-spatial parameters 

were assessed. Additionally, kinematic data of the hip and ankle on the affected and 

contralateral leg in sagittal planes were assessed.  

Determination of gait events and outcome measures 

All kinetic and kinematic parameters were based on the mean of the maximum/minimum 

peak values across the trials for each condition and for each subject. The contralateral leg 

was assessed to find out any effect of the valgus knee brace on the contralateral leg over a 

period of three months in comparing to base line.  

In studying the results from the two sessions, normalised stance phase was divided into 

two sub phases, which are initial (0-33%) and late (68%-100%) which are termed first 

peak and second peak of EKAM the contralateral leg during walking and ascending, and 

descending stairs. 

GRF was assessed on the affected leg and contralateral leg after normalised data in early-

stance (0-33%), mid-stance (34%-67%), and late-stance (68%-100%) during walking and 

stairs ascent and descent. 
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In studying the results from the two sessions of sagittal knee angle, normalised gait cycle 

was divided into four sub phases, which are initial contact, loading response (2%-21%), 

mid stance (22%-61%) and mid swing (62-101%) during walking and ascending, and 

descending stairs. 

All other kinetic parameters in stance phase and kinematic parameters in gait cycle were 

assessed based on the mean of the maximum/minimum peak values. 

4.2.7 Data analysis: 

Data were reviewed before analysis to determine whether the distribution was normal for 

all variables. The Kolmogorov-Smirnov test of normality found the speed data to be 

normally distributed. A normality test using the Shaprio-Wilk test exhibited that the 

majority of the data tested in this study were normally distributed. Other data that are non-

normally distributed were not highly deviated. Because of this and the repeated measure 

ANOVA which is used in this study is not significantly sensitive to moderate deviations 

from normality (Glass et al., 1972, Harwell et al., 1992, Lix et al., 1996); parametric tests 

were chosen to perform statistical analysis. A repeated measures analysis of variance 

(ANOVA) was used to test between the four conditions in the primary outcome measures. 

A bonferroni correction was applied to reduce the chance of a type 1 error. This was then 

followed by a paired t-test to asked specific question in regards to specific time point 

(Shod baseline-Brace three months, Shod baseline - Shod three months) between the two 

testing sessions.  

The first hypothesis states that the valgus knee brace intervention would reduce the medial 

joint loading after a period of 3 months. In order to test this hypothesis, the change in the 

first peak and second peak of the external knee adduction moment in stance phase and the 

KAAI during walking and stair ascent and descent was determined. The comparison was 

made between the results collected from the braced and unbraced condition at baseline, 

and 3 months with apaired-sample T-Test to investigate whether differences in any type of 

conditions were statistically significant. The second hypothesis states that the valgus knee 

brace intervention reduces pain after a period of six weeks and 3 months. In order to test 

this hypothesis, the change in pain in the KOOS was determined in compared to baseline. 
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This was compared at baseline, six weeks and 3 months. A repeated measurement analysis 

of variance statistical test was undertaken to investigate whether differences in pain scale 

was statistically significant in comparing to baseline. In the third hypothesis, the effect of 

valgus brace on quadriceps muscle strength was investigated, which has been shown to be 

an important correlate of locomotor function in patients with osteoarthritis of the knee 

(Hurley, 1999, McCarthy and Oldham, 2004). Therefore, a repeated measurement analysis 

of variance was performed on the knee flexors and extensors peak comparing baseline 

with six weeks and 3 months after the knee flexor and extensor peak were assessed in 

concentric at 60˚/s and in isometric at 45˚/s. The fourth hypothesis states that the valgus 

knee brace intervention will reduce muscle co-contraction after a period of 3 months. A 

paired-sample T Test was used to investigate whether differences in any of the muscles 

group were statistically significant after wearing valgus knee brace over a period of three 

months in comparing to base line. 

All kinematics and kinetic data in the coronal and sagittal planes and temporo-spatial 

parameters (Secondary outcomes measurement of the affected leg and the contralateral 

leg) were analysed based on the mean of the maximum/minimum peak values across the 

trials for each condition and for each subject, so that Paired-sample T Test and repeated 

measures ANOVA tests were done on all other outcome measurements depending on the 

number of sessions the data was collected for. GRF, sagittal plane knee moment and 

frontal knee angle are important variables, all these variables can affect the EKAM and 

that an increase in sagittal plane knee moment could increase medial joint loading 

(Walter et al., 2010) so this is also presented for completeness. 

4.3 Results 

Fifteen patients with knee OA participated in the study; five women and ten men (mean 

age 55(SD 10.63) years; age range 44-77 years; mean height 169 (SD 0.10) cm; height 

range 153-182 cm; mean mass 86.73(SD 19.55) Kg; mass range 57-140 Kg; mean body 

mass index (BMI) 29.90 (SD 4.27) kg/m2. Nine individuals diagnosed with grade 2 KL 

and six individuals with grade 3 KL.  
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The following results will be presented in terms of the primary outcome measures first 

and any data that helps to explain these outcomes. These are followed by the secondary 

outcome measures.  

4.3.1 The kinetic results of the affected leg during walking 

4.3.1.1 The external knee adduction moment (EKAM) 

After wearing the brace for three months, there was no significant change (mean 

difference 0.02 Nm/kg, p=0.29) in the first peak of the EKAM in comparison to the shoe 

only at baseline, even though an average decrease of 5.03 % was found. Additionally, 

after wearing the brace for three months, there was no significant change (mean 

difference 0.01 Nm/kg, p=0.60) in the first peak of the EKAM in comparison to the brace 

baseline, even though an average decrease of 2.67% was found. In addition, after wearing 

the brace for three months, there was no significant change (mean difference 0.02 Nm/kg, 

p=0.44) in the first peak of the EKAM between the shoe only at baseline and at three 

months, even though an average decrease of 4.49% was found.  

After wearing the brace for three months, there was no significant change (mean 

difference 0.02 Nm/kg, p=0.68) in the second peak of the EKAM in comparison to the 

shoe only at baseline, even though an average decrease of 3.81% was found. 

Additionally, after wearing the brace for three months, there was no significant change 

(mean difference 0.02 Nm/kg, p=0.65) in the second peak of the EKAM in comparison to 

the brace baseline, even though an average decrease of 3.54% was found. In addition, 

after wearing the brace for three months, there was no significant change (mean 

difference 0.04 Nm/kg, p=0.32) in the second peak of the EKAM between the shoe only 

at baseline and three months, even though an average decrease of 9.4% was found. 

Descriptive data of EKAM results during walking are illustrated in figure 4-5 and table 4-

1.   
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Figure 4-5: The external knee adduction moment (EKAM) of four conditions during walking. 

Table 4-1: Mean (SD) first and second peak of the EKAM during walking. 

Type Shoe at 
Baseline 

Brace 
Baseline 

Brace at 
Three Months 

Shoe at 
Three Months 

EKAM 1 Mean (SD) (Nm/kg) 0. 44 (0.15) 0.43(0.15) 0.42(0.16) 0.42(0.18) 

EKAM 2 Mean (SD) (Nm/kg) 0.37 (0.14) 0.37(0.12) 0.35(0.20) 0.33 (0.20) 

 

4.3.1.2 The Knee adduction angular impulse (KAAI): 

After wearing the brace for three months, there was no significant change (mean 

difference 0.02 Nm/kg*s, p=0.09) in the KAAI in comparison to the shoe only at 

baseline, even though an average decrease of 13.26 % was found. Additionally, after 

wearing the brace for three months, there was no significant change (mean difference 

0.02 Nm/kg*s, p=0.14) in the KAAI in comparison to the brace baseline, even though an 

average decrease of 12.48% was found. In addition, after wearing the brace for three 

months, there was no significant change (mean difference 0.02Nm/kg*s, p=0.06) in the 

KAAI between the shoe only at baseline and three months, even though an average 

decrease of 13.14% was found. Descriptive data of KAAI results during walking are 

illustrated in figure 4-6 and table 4-2.  
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Table 4-2: Mean (SD) knee adduction angular impulse (KAAI) during walking. 

Type Shoe 
Baseline 

Brace 
Baseline 

Brace 
Three Months 

Shoe 
Three Months 

KAAI Mean (SD)(Nm/kg)*s  0.14(0.08) 0.14(0.09) 0.12(0.09) 0.12(0.08) 

 

 

Figure 4-6: Knee adduction angular impulse (KAAI) of four conditions during walking. 

 

4.3.1.3 The Knee moment (sagittal plane): 

After wearing the brace for three months, there was no significant change (mean 

difference 0.09 Nm/kg, p=0.14) in the maximum knee flexor moment in comparison to 

the shoe only at baseline, even though an average increase of 10.8 % was found. 

Additionally, after wearing the brace for three months, there was no significant change 

(mean difference 0.06 Nm/kg, p=0.32) in the maximum knee flexor moment in 

comparison to the brace baseline, even though an average increase of 7.33% was found. 

In addition, after wearing the brace for three months, there was no significant change 

(mean difference 0.07 Nm/kg, p=0.25) in the maximum knee flexor moment between the 

shoe only at baseline and at three months, even though an average increase of 8.57% was 

found. 
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After wearing the brace for three months, there was no significant change (mean 

difference 0.03Nm/kg, p=0.27) in the maximum knee extensor moment in comparison to 

the shoe only at baseline, even though an average decrease of 10.93% was found. 

Additionally, after wearing the brace for three months, there was no significant change 

(mean difference 0.01 Nm/kg, p=0.88) in the maximum knee extensor moment in 

comparison to the brace baseline, even though an average increase of 1.41% was found. 

In addition, after wearing the brace for three months, there was no significant change 

(mean difference 0.04 Nm/kg, p=0.25) in the maximum knee extensor moment between 

the shoe only at baseline and at three months, even though an average decrease of 

12.65% was found. Descriptive data of Sagittal plane knee moment results during 

walking are illustrated in figure 4-7 and table 4-3. 

Figure 4-7: Sagittal plane knee moment of the four conditions during walking. 

Table 4-3: Mean (SD) sagittal plane knee moment during walking. 

Type Shoe 

Baseline 

Brace 

Baseline 

Brace 

Three Months 
Shoe 

Three Months 

Knee flexion Mom Mean (SD) 

(Nm/kg) 

0.80(0.2) 0.83(0.2) 0.89(0.2) 0.87(0.2) 

Knee extension Mom Mean (SD) 

(Nm/kg) 

-0.29(0.1) -0.25(0.1) -0.26(0.1) -0.25(0.1) 
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4.3.1.4 Vertical Ground Reaction Force (GRF) 

The Vertical Ground Reaction Force (GRF) did not change significantly (p>0.05) in 

early, mid-, and late stance phase during walking. Descriptive data of GRF results during 

walking are illustrated in figure 4-8 and table 4-4. 

 
 

Figure 4-8: The ground reaction force (GRF) of the four conditions during walking. 

Table 4-4: Mean (SD) ground reaction force (GRF) during walking. 

Type Shoe 

Baseline 

Brace 

Baseline 

Brace 

Three Months 

Shoe 

Three Months 

Early stance GRF Mean (SD)(•BW) 1.08(0.10) 1.08(0.10) 1.07(0.10) 1.07(0.10) 

Mid stance GRF  Mean (SD)(•BW) 0.81(0.08) 0.82(0.08) 0.82(0.07) 0.81(0.08) 

Late stance GRF Mean (SD)(•BW) 1.05(0.06) 1.06(0.07) 1.04(0.06) 1.04(0.07) 

4.3.2 The kinetic results of the affected leg during ascending stairs 

4.3.2.1 The external knee adduction moment (EKAM) 

After wearing the brace for three months, there was no significant change (mean 

difference 0.01 Nm/kg, p=0.90) in the first peak of the EKAM in comparison to the shoe 

only at baseline, even though an average decrease of 1 % was found. Additionally, after 
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wearing the brace for three months, there was no significant change (mean difference 

0.01 Nm/kg, p=0.61) in the first peak of the EKAM in comparison to the brace baseline, 

even though an average increase of 5.40% was found. In addition, after wearing the brace 

for three months, there was no significant change (mean difference 0.03 Nm/kg, p=0.12) 

in the first peak of the EKAM between the shoe only at baseline and at three months, 

even though an average increase of 10.14% was found. 

After wearing the brace for three months, there was no significant change (mean 

difference 0.01 Nm/kg, p=0.93) in the second peak of the EKAM in comparison to the 

shoe only at baseline, even though an average decrease of 0.67% was found. 

Additionally, after wearing the brace for three months, there was no significant change 

(mean difference 0 Nm/kg, p=1) in the second peak of the EKAM in comparison to the 

brace baseline, even though an average decrease of 0.03% was found. In addition, after 

wearing the brace for three months, there was no significant change (mean difference 

0.05 Nm/kg, p=0.35) in the second peak of the EKAM between the shoe only at baseline 

and three months, even though an average increase of 6.96% was found. Descriptive data 

of EKAM results during ascending are illustrated in figure 4-9 and table 4-5.  
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 Figure 4-9: The external knee adduction moment (EKAM) of the four conditions during Ascent. 

Table 4-5: Mean (SD) first and second peak of the EKAM during ascent. 

Type Shoe 
Baseline 

Brace 
Baseline 

Brace 
Three Months 

Shoe 
Three Months 

EKAM 1 Mean (SD) (Nm/kg)  0.32(0.28) 0.30(0.26) 0.31 (0.27) 0.35(0.27) 

EKAM 2 Mean (SD) (Nm/kg) 0.70(0.43) 0.69 (0.41) 0.69 (0.43) 0.75(0.45) 

4.3.2.2 The Knee adduction angular impulse (KAAI): 

After wearing the brace for three months, there was no significant change (mean 

difference 0.10 Nm/kg*s, p=0.06) in the KAAI in comparison to the shoe only at 

baseline, even though an average decrease of 23.68 % was found. Additionally, after 

wearing the brace for three months, there was no significant change (mean difference 

0.04 Nm/kg*s, p=0.44) in the KAAI in comparison to the brace baseline, even though an 

average decrease of 9.61% was found. In addition, after wearing the brace for three 

months, there was no significant change (mean difference 0.02 Nm/kg*s, p=0.44) in the 

KAAI between the shoe only at baseline and three months, even though an average 

decrease of 6.05% was found. Descriptive data of KAAI results during ascending are 

illustrated in figure 4-10 and table 4-6.  
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Table 4-6: Mean, (SD±) knee adduction angular impulse (KAAI) during ascent. 

Type Shoe 
Baseline 

Brace 
Baseline 

Brace 
Three Months 

Shoe 
Three Months 

KAAI Mean (SD) (Nm/kg)*s 0.43 (0.34) 0.37(0.29) 0.33(0.23) 0.41(0.28) 

 

 

Figure 4-10: Knee adduction angular impulse (KAAI) of the four conditions during ascent. 

 

4.3.2.3 The Knee moment (sagittal plane): 

After wearing the brace for three months, there was a significant increase (mean 

difference 0.10 Nm/kg, p=0.01) in the maximum knee flexor moment in comparison to 

the shoe only at baseline, with an average increase of 12.88 % found. However, after 

wearing the brace for three months, there was no significant change (mean difference 

0.06 Nm/kg, p=0.10) in the maximum knee flexor moment in comparison to the brace 

baseline, even though an average increase of 7.47% was found. Additionally, after 

wearing the brace for three months, there was no significant change (mean difference 

0.05 Nm/kg, p=0.23) in the maximum knee flexor moment between the shoe only at 

baseline and at three months, even though an average increase of 5.85% was found. 

After wearing the brace for three months, there was no significant change (mean 

difference 0.05Nm/kg, p=0.52) in the maximum knee extensor moment in comparison to 
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the shoe only at baseline, even though an average decrease of 10.93% was found. 

Additionally, after wearing the brace for three months, there was no significant change 

(mean difference 0.05 Nm/kg, p=0.49) in the maximum knee extensor moment in 

comparison to the brace baseline, even though an average decrease of 5.36% was found. 

In addition, after wearing the brace for three months, there was no significant change 

(mean difference 0 Nm/kg, p=0.99) in the maximum knee extensor moment between the 

shoe only at baseline and at three months, even though an average increase of 0.15% was 

found. Descriptive data of sagittal plane knee moment results during ascending are 

illustrated in figure 4-11 and table 4-7. 

 
 

Figure 4-11: Sagittal plane knee moment of the four conditions during ascent. 

Table 4-7: Mean (SD) sagittal plane knee moment during ascent. 

Type Shoe 

Baseline 

Brace 

Baseline 

Brace 

Three Months 
Shoe 

Three Months 

Knee flexion Mom Mean (SD) 
(Nm/kg) 

0.81(0.21) 0.85(0.22) 0.91(0.24) 0.86(0.24) 

Knee extension Mom Mean (SD) 
(Nm/kg) 

-0.88(0.71) -0.88(0.70) -0.83(0.65) -0.88(0.67) 
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4.3.2.4 Vertical Ground Reaction Force (GRF) 

At the early stage, after wearing the brace for three months there was no significant 

change (mean difference 0.04 •BW, p=0.05) in the peak of GRF in comparison to the 

shoe only at baseline, even though an average increase of 4 % was found. Additionally, 

after wearing the brace for three months, there was no significant change (mean 

difference 0.01 •BW, p=0.84) in the peak of GRF in comparison to the brace baseline, 

even though an average increase of 0.2% was found. In addition, after wearing the brace 

for three months, there was no significant change (mean difference 0.01 •BW, p=0.20) in 

the peak of GRF between the shoe only at baseline and at three months, even though an 

average increase of 1.5% was found. 

At mid stage, after wearing the brace for three months, there was no significant change 

(mean difference 0.00 •BW, p=0.68) in the peak of GRF in comparison to the shoe only 

at baseline, even though an average increase of 1.00 % was found. Additionally, after 

wearing the brace for three months, there was no significant change (mean difference 

0.00 •BW, p=0.75) in the peak of GRF in comparison to the brace baseline, even though 

an average decrease of 0.3% was found. In addition, after wearing the brace for three 

months, there was no significant change (mean difference 0.00 •BW, p=0.65) in the peak 

of GRF between the shoe only at baseline and at three months, even though an average 

increase of 0.7% was found. 

At late stage, after wearing the brace for three months, there was a significant increase 

(mean difference 0.03 •BW, p=0.03) in the peak of GRF in comparison to the shoe only 

at baseline, with an average increase of 2.9 % was found. However, after wearing the 

brace for three months, there was no significant change (mean difference 0.01 •BW, 

p=0.37) in the peak of GRF in comparison to the brace baseline, even though an average 

increase of 1.1% was found. Additionally, after wearing the brace for three months, there 

was no significant change (mean difference 0.02 •BW, p=0.11) in the peak of GRF 

between the shoe only at baseline and at three months, even though an average increase 

of 2.1% was found. Descriptive data of GRF results during ascending are illustrated in 

figure 4-12 and table 4-8. 
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Figure 4-12: The Ground reaction force of the four conditions during Ascent. 

Table 4-8: Mean (SD) Ground reaction force (GRF) during ascent. 

Type Shoe 

Baseline 

Brace 

Baseline 

Brace 

Three Months 

Shoe 

Three Months 

Early stance GRF Mean (SD)(•BW) 0.92(0.10) 0.95 (0.07) 0.96(0.07) 0.93(0.09) 

Mid stance GRF  Mean (SD)(•BW) 0.85(0.08) 0.85(0.05) 0.85(0.05) 0.85(0.06) 

Late stance GRF Mean (SD)(•BW) 1.04(0.03) 1.06(0.03) 1.07(0.04) 1.06(0.05) 

 

4.3.3 The kinetic results of the affected leg during descending stairs 

4.3.3.1 The external knee adduction moment (EKAM) 

After wearing the brace for three months, there was no significant change (mean 

difference 0.14 Nm/kg, p=0.08) in the first peak of the EKAM in comparison to the shoe 

only at baseline, even though an average increase of 29.64% was found. Additionally, 

after wearing the brace for three months, there was no significant change (mean 

difference 0.10 Nm/kg, p=0.17) in the first peak of the EKAM in comparison to the brace 

baseline, even though an average increase of 18.41% was found. In addition, after 

wearing the brace for three months, there was no significant change (mean difference 
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0.16 Nm/kg, p=0.06) in the first peak of the EKAM between the shoe only at baseline 

and at three months, even though an average increase of 10.14% was found. 

After wearing the brace for three months, there was no significant change (mean 

difference 0.04 Nm/kg, p=0.31) in the second peak of the EKAM in comparison to the 

shoe only at baseline, even though an average increase of 33.25% was found. 

Additionally, after wearing the brace for three months, there was no significant change 

(mean difference 0.04 Nm/kg, p=0.31) in the second peak of the EKAM in comparison to 

the brace baseline, even though an average increase of 33.31% was found. In addition, 

after wearing the brace for three months, there was no significant change (mean 

difference 0.04 Nm/kg, p=0.22) in the second peak of the EKAM between the shoe only 

at baseline and three months, even though an average increase of 32.92% was found. 

Descriptive data of EKAM results during descending are illustrated in figure 4-13 and 

table 4-9.  

 

 

Figure 4-13: The external knee adduction moment (EKAM) of the four conditions during descent. 
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Table 4-9: Mean (SD) first and second peak of the EKAM during descent. 

Type Shoe 
Baseline 

Brace 
Baseline 

Brace 
Three Months 

Shoe 
Three Months 

EKAM 1 Mean (SD) (Nm/kg)  0.50 (0.22) 0.54(0.31) 0.64(0.46) 0.66(0.49) 

EKAM 2 Mean (SD) (Nm/kg) 0.12 (0.12) 0.12 (0.13) 0.16 (0.21) 0.16 (0.18) 

 

4.3.3.2 The Knee adduction angular impulse (KAAI): 

After wearing the brace for three months, there was no significant change (mean 

difference 0.05 Nm/kg*s, p=0.15) in the KAAI in comparison to the shoe only at 

baseline, even though an average decrease of 17.35 % was found. Additionally, after 

wearing the brace for three months, there was no significant change (mean difference 0 

Nm/kg*s, p=0.97) in the KAAI in comparison to the brace baseline, even though an 

average decrease of 0.53% was found. In addition, after wearing the brace for three 

months, there was no significant change (mean difference 0.02 Nm/kg*s, p=0.58) in the 

KAAI between the shoe only at baseline and three months, even though an average 

decrease of 6.34% was found. Descriptive data of KAAI results during descending are 

illustrated in figure 4-14 and table 4-10 

Table 4-10: Mean (SD) knee adduction angular impulse (KAAI) during descent. 

Type Shoe 
Baseline 

Brace 
Baseline 

Brace 
Three Months 

Shoe 
Three Months 

KAAI Mean (SD) (Nm/kg)*s 0.26(0.16) 0.21 (0.15) 0.21 (0.19) 0.24 (0.20) 
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Figure 4-14: Knee adduction angular impulse (KAAI) of the four conditions during descent. 

 

4.3.3.3 The Knee moment (sagittal plane): 

After wearing the brace for three months, there was no significant change (mean 

difference 0.06 Nm/kg, p=0.22) in the maximum knee flexor moment in comparison to 

the shoe only at baseline, even though an average increase of 6.47 % was found. 

Additionally, after wearing the brace for three months, there was no significant change 

(mean difference 0.05 Nm/kg, p=0.36) in the maximum knee flexor moment in 

comparison to the brace baseline, even though an average increase of 4.75% was found. 

In addition, after wearing the brace for three months, there was no significant change 

(mean difference 0.07 Nm/kg, p=0.32) in the maximum knee flexor moment between the 

shoe only at baseline and at three months, even though an average increase of 8.24% was 

found. 

After wearing the brace for three months, there was no significant change (mean 

difference 0.05Nm/kg, p=0.69) in the maximum knee extensor moment in comparison to 

the shoe only at baseline, even though an average increase of 19.75% was found. 

Additionally, after wearing the brace for three months, there was no significant change 

(mean difference 0.08 Nm/kg, p=0.32) in the maximum knee extensor moment in 
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comparison to the brace baseline, even though an average increase of 35.12% was found. 

In addition, after wearing the brace for three months, there was no significant change 

(mean difference 0.10 Nm/kg, p=0.57) in the maximum knee extensor moment between 

the shoe only at baseline and at three months, even though an average increase of 39.30% 

was found. Descriptive data of Sagittal plane knee moment results during descending are 

illustrated in figure 4-15 and table 4-11 

 

 

Figure 4-15: Sagittal plane knee moment of the four conditions during descent. 

Table 4-11: Mean (SD) Sagittal plane knee moment during descent. 

Type Shoe 

Baseline 

Brace 

Baseline 

Brace 

Three Months 
Shoe 

Three Months 

Knee flexor mom. Mean (SD) 

(Nm/kg)  

0.91(0.22) 0.92(0.22) 0.97(0.22) 0.98(0.26) 

Knee extensor mom. Mean (SD) 
(Nm/kg) 

-0.27(0.24) -0.24(0.25) -0.32(0.39) -0.37(0.55) 

 

4.3.3.4 Vertical Ground Reaction Force (GRF) 

At the early stage of stance phase, after wearing the brace for three months, there was a 

significant increase (mean difference 0.12 •BW, p=0.00) in the peak of GRF in 

comparison to the shoe only at baseline, with an average increase of 10.7 % was found. 
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Additionally, after wearing the brace for three months, there was a significant increase 

(mean difference 0.08 •BW, p=0.00) in the peak of GRF in comparison to the brace 

baseline, with an average increase of 6.8% was found. In addition, after wearing the brace 

for three months, there was a significant increase (mean difference 0.12 •BW, p=0.00) in 

the peak of GRF between the shoe only at baseline and at three months, with an average 

increase of 11.2% was found. 

At mid stage, the Vertical Ground Reaction Force (GRF) did not change significantly 

(p>0.05) during descent. 

At late stage, after wearing the brace for three months, there was a significant increase 

(mean difference 0.05 •BW, p=0.03) in the peak of GRF in comparison to the shoe only 

at baseline, with an average increase of 5.7 % was found. However, after wearing the 

brace for three months, there was no significant change (mean difference 0.01 •BW, 

p=0.19) in the peak of GRF in comparison to the brace baseline, even though an average 

increase of 1.4% was found. Additionally, after wearing the brace for three months, there 

was no significant change (mean difference 0.03 •BW, p=0.10) in the peak of GRF 

between the shoe only at baseline and at three months, even though an average increase 

of 3% was found. Descriptive data of GRF results during descending are illustrated in 

figure 4-16 and table 4-12. 
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Figure 4-16: The Ground reaction force (GRF) of the four conditions during descent. 

Table 4-12: Mean (SD) Ground reaction force (GRF) during descent. 

Type Shoe 

Baseline 

Brace 

Baseline 

Brace 

Three Months 

Shoe 

Three Months 

Early stance GRF Mean (SD)(•BW) 1.10(0.18) 1.14 (0.17) 1.22(0.16) 1.22(0.17) 

Mid stance GRF  Mean (SD)(•BW) 0.86(0.05) 0.88 (0.03) 0.88(0.04) 0.87(0.05) 

Late stance GRF Mean (SD)(•BW) 0.90(0.09) 0.93(0.04) 0.95(0.05) 0.92(0.06) 

 

4.3.4 Knee injury and Osteoarthritis Outcome Score (KOOS): 

The effect of valgus knee brace on reducing the pain based on the KOOS pain subscale 

was clear with a 58.54% reduction at six weeks and 75.13% reduction at three months in 

comparison to the baseline. A significant improvement (p=0.01, p=0.00) between 

baseline and six weeks, and three months was achieved, respectively. Additionally, 

Symptoms, sport/recreational and quality of life subscales were significantly 

improvement (p=0.02, p=0.02, p=0.02) at six weeks and (p=0.02, p=0.00, p=0.00) at 

three months in comparison to the baseline, respectively.  However, activity daily living 

subscale was the only one not significantly improves, even though an average increase of 
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17.88% at six weeks and 29.44% at three months were found in comparison to the 

baseline. All of the scores of KOOS are presented in table 4-13. 

Table 4-13: Mean (SD) and P-value of pain reduction effect using the KOOS pain subscale. 

Type Baseline Six Weeks Three Months 

Pain Mean (SD)  

P-Value* 

33.65 (17.59) 53.35 (16.74) 

0.01* 

58.93 (21.71) 

0.002* 

Symptoms Mean (SD) 

P-Value* 

46.68 (22.56) 57.91 (15.36) 

0.02* 

61.48 (20.83) 

0.02* 

Activity daily living (ADL) Mean (SD) 

P-Value* 

48.38 (18.91) 61.34 (19.27) 

0.10 

63.44 (20.13) 

0.06 

Sport/Rec Mean (SD) 

P-Value* 

23.21 (25.91) 37.14 (24.71) 

0.02* 

41.43(31.83) 

0.00* 

Quality of life (QOL) Mean (SD) 

P-Value* 

25.00 (20.80) 40.62 (21.48) 

0.02* 

46.87 (24.85) 

0.00* 

*Significant compared to baseline 

4.3.5 Dynamic Balance: 

The results from dynamic balance tests showed a significant improvement (p= 0.00, 

p=0.00) at six weeks and (p= 0.00, p=0.00) at three months in Anterior and medial 

direction, respectively, in comparison with the baseline. The mean difference of distance 

increased by 7.67 cm at six weeks and 9.47 cm at three months in anterior direction and 

increased by 6.98 cm at six weeks and 11.66 cm at three months in medial direction. 

Descriptive data for Balance at baseline, six weeks and three months are presented in 

table 4-14. 

Table 4-14: Mean (SD) and P-value of Dynamic balance in anterior and medial direction. 

Type Baseline Six Weeks Three Months 

Anterior Mean (SD)  

P-Value 

58.15 (6.59) 

 

65.82 (6.35) 

0.00* 

67.64 (6.02) 

0.00* 

Medial Mean (SD)  

P-Value 

56.22 (5.47) 

 

63.20 (8.67) 

0.00* 

67.88 (6.28) 

0.00* 

*Significant compared to baseline 

 

4.3.6 Muscle strength 

Muscle strength was assessed by conducting strength test on Biodex machine and the 

results indicated that the peak of muscle strength changed significantly at three months. 

The valgus knee brace increased the mean difference of the concentric muscle strength 
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peak of the knee extensor and flexors at 60˚/s by 17.88% and 38.50%, respectively, at six 

weeks, and by 29.44% and 52.20 at three months. Also, the valgus knee brace increased 

the mean difference of Isometric muscle strength peak of the knee extensor and flexors at 

45˚/s by 25.61% and 23.29%, respectively, at six weeks and by 32.98% and 29.72% at 

three months. Descriptive data for peak torque of isometric and concentric contractions of 

knee flexion and extension at baseline, six weeks and three months are presented in table 

4-15.  

Table 4-15: Mean (SD) and P-value of peak torque (N/m) knee measurements 

Type Baseline Six Weeks Three Months 

Knee concentric extension at 

60˚/s Mean (SD)  

P-Value 

 

81.11 (41.24) 

 

95.61 (56.29) 

0.13 

 

104.99 (61.04) 

0.04* 

Knee concentric flexion at 

60˚/s Mean (SD)  

P-Value 

 

44.18 (21.76) 

 

61.91 (39.74) 

0.03* 

 

67.24 (39.73) 

0.01* 

Knee isometric extension at 

45˚ Mean (SD) 

P-Value 

 

72.99 (32.48) 

 

91.68 (52.51) 

0.03* 

 

97.06( 41.85) 

0.00* 

Knee isometric flexion at 45˚ 

Mean (SD) 

P-Value 

 

58.96 (34.06) 

 

72.69 (47.11) 

0.11 

 

76.48(41.09) 

0.02* 

*Significant compared to baseline 

 

4.3.7 Muscle co-contraction 

4.3.7.1 Walking 

Muscle co-contraction between Vastus medialis and Semitendinosus decreased 

significantly between the shoe only at baseline (p=0.04, p=0.02) and brace and, the shoe 

only at three months, respectively, in early stage and (p=0.02) brace at three months in 

mid stage. It is also decreased significantly between Brace at baseline and three months 

(p=0.01, p=0.01) in early and mid-stage, respectively. In contrast, the muscle co-

contraction between Vastus lateralis and Biceps femoris didn’t show any significant 

changes between conditions in any part of stance phase. Descriptive data of Muscle co-

contraction between Vastus medialis and Semitendinosus and between Vastus lateralis 

and Biceps femoris during walking are presented in table 4-16. 
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Table 4-16: Mean (SD) and P-value of Muscle co-contraction between Vastus medialis and 

Semitendinosus and between Vastus lateralis and Biceps femoris during walking. 

Type Shoe 

Baseline 

Brace 

Baseline 

Brace 

Three 

Months 

Shoe 

Three 

Months 

Vastus lateralis 

vs. 

Biceps femoris  

 

Early stage Mean (SD) 

P-Value 

0.53(0.44) 

 

0.51(0.42) 

 

0.34(0.17) 

0.09 

0.12 

0.34(0.18) 

0.09 

Middle stage Mean (SD) 

P-Value 

0.22(0.18) 

 

0.23(0.21) 

 

0.17(0.14) 

0.35 

0.24 

0.21(0.21) 

0.91 

Late stage Mean (SD) 

P-Value 

0.11(0.11) 0.15(0.12) 

 

0.18(0.24) 

0.32 

0.63 

0.17(0.29) 

0.48 

 

Vastus medialis 

vs. 

Semitendinosus 

 

Early stage Mean (SD) 

P-Value 

0.36(0.21) 0.41(0.24) 

 

0.25(0.15) 

0.04* 

0.01ª 

0.22(0.12) 

0.02* 

Middle stage Mean (SD) 

P-Value 

0.13(0.07) 0.14(0.07) 

 

0.09(0.06) 

0.02* 

0.01ª 

0.11(0.12) 

0.46 

Late stage Mean (SD) 

P-Value 

0.13(0.09) 0.12(0.09) 

 

0.10(0.09) 

0.35 

0.05 

0.08(0.02) 

0.07 

*Compared to Shoe baseline 

ªCompared to brace baseline 

 

4.3.7.2 Ascending stairs 

The muscle co-contraction between Vastus lateralis and Biceps femoris is decreased 

significantly between the shoe only at baseline (p=0.02, p=0.01) and brace and, the shoe 

only at three months, respectively, and also it decreased significantly (p=0.02) between 

brace at baseline and three months. 

The muscle co-contraction between Vastus medialis and Semitendinosus is reduced 

significantly between the shoe only at baseline (p=0.00, p=0.00) and brace and, the shoe 

only at three months, respectively, and also it decreased significantly (p=0.048) between 

brace at baseline and three months. Descriptive data of Muscle co-contraction between 

Vastus medialis and Semitendinosus and between Vastus lateralis and Biceps femoris 

during ascent are presented in table 4-17. 
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Table 4-17: Mean (SD) and P-value of Muscle co-contraction between Vastus medialis and 

Semitendinosus and between Vastus lateralis and Biceps femoris during ascent. 

Type Shoe 

Baseline 

Brace 

Baseline 

Brace 

Three 

Months 

Shoe 

Three 

Months 

Vastus lateralis 

vs. 

Biceps femoris  

Single support Mean(SD) 

P-Value 

0.62(0.40) 0.59(0.39) 0.38(0.22) 

0.02* 

0.02ª 

0.34(0.19) 

0.01* 

Vastus medialis  

vs. 

Semitendinosus 

Single support Mean(SD) 

P-Value 

0.44(0.28) 0.35(0.27) 0.23(0.16) 

0.00* 

0.048ª 

0.26(0.19) 

0.00* 

*Compared to Shoe baseline 

ªCompared to brace baseline 

 

4.3.7.3 Descending stairs 

The muscle co-contraction between Vastus lateralis and Biceps femoris is decreased 

significantly between the shoe only at baseline (p=0.02, p=0.01) and brace and, the shoe 

only at three months, respectively, and also it decreased significantly (p=0.01) between 

brace at baseline and three months. 

The muscle co-contraction between Vastus medialis and Semitendinosus is reduced 

significantly between the shoe only at baseline (p=0.01, p=0.00) and brace and, the shoe 

only at three months, respectively, and also it decreased significantly (p=0.01) between 

brace at baseline and three months. Descriptive data of Muscle co-contraction between 

Vastus medialis and Semitendinosus and between Vastus lateralis and Biceps femoris 

during descent are presented in table 4-18. 

Table 4-18: Mean (SD) and P-value of Muscle co-contraction between Vastus medialis and 

Semitendinosus and between Vastus lateralis and Biceps femoris during descent. 

Type Shoe 

Baseline 

Brace 

Baseline 

Brace 

Three 

Months 

Shoe 

Three 

Months 

Vastus lateralis 

vs. 

Biceps femoris  

Single support Mean(SD) 

P-Value 

0.50(0.34) 0.53(0.31) 0.30(0.12) 

0.02* 

0.01ª  

0.29(0.10) 

0.01* 

Vastus medialis  

vs. 

Semitendinosus 

Single support Mean(SD) 

P-Value 

0.36(0.19) 0.33(0.22) 0.22(0.18) 

0.01* 

0.01ª 

0.19(0.20) 

0.00* 

*Compared to Shoe baseline 

ªCompared to brace baseline 
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4.3.8. The kinematic results of the affected leg during walking 

4.3.8.1. Gait temporo-spatial parameters: 

After three months, there was no significant difference (p=0.27) between the brace three 

months and the shoe only baseline, and brace baseline (p=0.25). In addition, there was no 

significant difference (p=0.62) between the only shoe three months and baseline. 

Descriptive data of Gait temporo-spatial parameter results during walking are illustrated 

in table 4-19. 

Table 4-19 Gait temporo-spatial parameter results during walking. 

Type Shoe 

Baseline 

Brace 

Baseline 

Brace 

Three 

Months 

Shoe 

Three 

Months 

Speed (m/s) Mean (SD) 1.1 (0.1) 1.2(0.1) 1.1 (0.2) 1.1 (0.2) 

Stride length (m) Mean (SD) 1.2(0.1) 1.4(0.1) 1.3 (0.1) 1.3 (0.1) 

Left step length (m) Mean (SD)  0.7(0.1) 0.7(0.1) 0.7(0.1) 0.7(0.1) 

Right step length (m) Mean (SD) 0.7(0.1) 0.7(0.1) 0.7(0.1) 0.7(0.1) 

The Left stance time (s) Mean (SD) 0.8(0.1) 0.8(0.1) 0.8(0.1) 0.8(0.1) 

The right stance time (s) Mean (SD) 0.8(0.1) 0.8(0.1) 0.8(0.1) 0.8(0.1) 

Cadence  step per minute Mean(SD) 101.2(7.4) 101.9 (7.4) 99.4 (9.3) 100.3 (9.8) 

Double limb support time (s) 0.3 (0.0) 0.3 (0.0) 0.3 (0.0) 0.3 (0.0) 

 

4.3.8.2 Ankle angle (sagittal plane) 

After wearing the brace for three months, there was no significant change (mean 

difference 1.94 degree, p=0.05) in the maximum of ankle dorsiflexion angle in 

comparison to the shoe only at baseline, even though an average increase of 7.91 % was 

found. Additionally, after wearing the brace for three months, there was no significant 

change (mean difference 1.47 degree, p=0.18) in the maximum of ankle dorsiflexion 

angle in comparison to the brace baseline, even though an average increase of 5.58% was 

found. In addition, after wearing the brace for three months, there was no significant 

change (mean difference 1.37 degree, p=0.10) in the maximum of ankle dorsiflexion 

angle between the shoe only at baseline and at three months, even though an average 

decrease of 5.57% was found. 

After wearing the brace for three months, there was a significant decrease (mean 

difference 3.16 degree, p=0.04) in the maximum ankle planter flexion angle in 
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comparison to the shoe only at baseline, with an average decrease of 31.16 % was found. 

However, after wearing the brace for three months, there was no significant change 

(mean difference 1.05 degree, p=0.36) in the maximum of ankle planter flexion angle in 

comparison to the brace baseline, even though an average decrease of 13.07% was found. 

Additionally, after wearing the brace for three months, there was no significant change 

(mean difference 2.24 degree, p=0.10) in the maximum of ankle planter flexion angle 

between the shoe only at baseline and at three months, even though an average decrease 

of 22.06% was found. 

After wearing the brace for three months, there was no significant change (mean 

difference 1.22 degree, p=0.15) in the ankle ROM in comparison to the shoe only at 

baseline, even though an average decrease of 3.50 % was found. Additionally, after 

wearing the brace for three months, there was no significant change (mean difference 

0.42 degree, p=0.52) in the ankle ROM in comparison to the brace baseline, even though 

an average increase of 1.26% was found. In addition, after wearing the brace for three 

months, there was no significant change (mean difference 0.87 degree, p=0.24) in the 

ankle ROM between the shoe only at baseline and at three months, even though an 

average decrease of 2.50% was found. Descriptive data of sagittal plane ankle angle 

results during walking are illustrated in figure 4-17 and table 4-20. 
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Figure 4-17: Sagittal plane ankle angle of the four conditions during walking. 

Table 4-20: Mean (SD) sagittal plane ankle angle during walking. 

Type Shoe 

Baseline 

Brace 

Baseline 

Brace 

Three Months 

Shoe 

Three Months 

Ankle Dorsiflexion Mean (SD)(°) 24.58(2.85) 25.06(2.62) 26.53(4.53)  25.95(3.96) 

Ankle Planter flexion Mean (SD) (°) -10.15(4.79) -8.04(4) -6.99(5.960)  -7.91(5.93) 

Ankle ROM Mean (SD) (°) 34.73(3.97) 33.10(3.20) 33.51(3.79) 33.86(4.27) 

 

4.3.8.3 Knee angle (sagittal plane) 

At Initial contact after wearing the brace for three months, there was a significant 

increase (mean difference 3.55 degree, p=0.00) in the knee angle in comparison to the 

shoe only at baseline, with an average increase of 48.04 % was found. Additionally, after 

wearing the brace for three months, there was a significant increase (mean difference 

1.99 degree, p=0.04) in the knee angle in comparison to the brace baseline, with an 

average increase of 22.27% was found. In addition, after wearing the brace for three 

months, there was significant increase (mean difference 2.59 degree, p=0.04) in the knee 

angle between the shoe only at baseline and at three months, with an average increase of 

35% was found. 
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At loading response stage after wearing the brace for three months, there was a 

significant increase (mean difference 3.26 degree, p=0.01) in the maximum of knee angle 

in comparison to the shoe only at baseline, with an average increase of 14.95 % was 

found. However, after wearing the brace for three months, there was no significant 

change (mean difference 2.37 degree, p=0.05) in the maximum of knee angle in 

comparison to the brace baseline, even though an average increase of 10.42% was found. 

In addition, after wearing the brace for three months, there was significant increase (mean 

difference 2.78 degree, p=0.03) in the maximum of knee angle between the shoe only at 

baseline and at three months, with an average increase of 12.75% was found. 

At mid stance stage after wearing the brace for three months, there was a significant 

increase (mean difference 3.65 degree, p=0.00) in the minimum of knee angle in 

comparison to the shoe only at baseline, with an average increase of 29.95 % was found. 

Additionally, after wearing the brace for three months, there was a significant increase 

(mean difference 2.44 degree, p=0.04) in the minimum of knee angle in comparison to 

the brace baseline, with an average increase of 18.42% was found. In addition, after 

wearing the brace for three months, there was significant increase (mean difference 2.44 

degree, p=0.02) in the minimum of knee angle between the shoe only at baseline and at 

three months, with an average increase of 20.01% was found. 

At mid swing stage after wearing the brace for three months, there was no significant 

change (mean difference 0.89 degree, p=0.59) in the maximum of knee angle in 

comparison to the shoe only at baseline, even though an average increase of 1.23 % was 

found. Additionally, after wearing the brace for three months, there was no significant 

change (mean difference 1.94 degree, p=0.29) in the maximum of knee angle in 

comparison to the brace baseline, even though an average increase of 2.70% was found. 

In addition, after wearing the brace for three months, there was no significant change 

(mean difference 1.66 degree, p=0.33) in the maximum of knee angle between the shoe 

only at baseline and at three months, even though an average increase of 2.28% was 

found.  

After wearing the brace for three months, there was no significant change (mean 

difference 2.66 degree, p=0.09) in the sagittal knee ROM in comparison to the shoe only 
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at baseline, even though an average decrease of 4.06 % was found. Additionally, after 

wearing the brace for three months, there was no significant change (mean difference 

0.05 degree, p=0.97) in the sagittal knee ROM in comparison to the brace baseline, even 

though an average decrease of 0.09% was found. In addition, after wearing the brace for 

three months, there was no significant change (mean difference 0.92 degree, p=0.54) in 

the sagittal knee ROM between the shoe only at baseline and at three months, even 

though an average decrease of 1.41% was found. Descriptive data of sagittal plane knee 

angle results during walking are illustrated in figure 4-18 and table 4-21. 

 

Figure 4-18: Sagittal plane knee angle of the four conditions during walking. 

Table 4-21: Mean, (SD) sagittal plane knee angle during walking. 

Type Shoe 

Baseline 

Brace 

Baseline 

Brace 

Three Months 

Shoe 

Three Months 

Initial contact Mean (SD) (°) 7.39(4.64) 8.95(5.92) 10.94(4.65) 9.98(5.02) 

Loading response Mean (SD) (°) 21.80(7.24) 22.69(7.05) 25.06(5.32) 24.58(4.81) 

Mid stance Mean (SD) (°) 12.20(7.52) 13.41(7.10) 15.85(6.29) 14.64(1.56) 

 Mid swing Mean (SD) (°) 72.80(7.17) 71.75(7.76) 73.69(3.87) 74.46(4.14) 

Knee ROM X angle Mean (SD)(°) 65.41(7.31) 62.80(7.81) 62.75(6.38) 64.48(6.40) 
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4.3.8.4 Knee angle (frontal plane) 

After wearing the brace for three months, there was no significant change (mean 

difference 0.40 degree, p=0.60) in the maximum of frontal knee angle in comparison to 

the shoe only at baseline, even though an average increase of 9.89% was found. 

Additionally, after wearing the brace for three months, there was no significant change 

(mean difference 0.98 degree, p=0.12) in the maximum of frontal knee angle in 

comparison to the brace baseline, even though an average increase of 32.04% was found. 

In addition, after wearing the brace for three months, there was no significant change 

(mean difference 0.48 degree, p=0.52) in the maximum of frontal knee angle between the 

shoe only at baseline and at three months, even though an average increase of 13.32% 

was found. 

After wearing the brace for three months, there was no significant change (mean 

difference 1.72 degree, p=0.10) in the minimum of frontal knee angle in comparison to 

the shoe only at baseline, even though an average decrease of 30.58 % was found. 

Additionally, after wearing the brace for three months, there was no significant change 

(mean difference 0.35 degree, p=0.69) in the minimum of frontal knee angle in 

comparison to the brace baseline, even though an average decrease of 8.24% was found. 

In addition, after wearing the brace for three months, there was no significant change 

(mean difference 0.98 degree, p=0.23) in the minimum of frontal knee angle between the 

shoe only at baseline and at three months, even though an average decrease of 17.32% 

was found. 

After wearing the brace for three months, there was no significant change (mean 

difference 1.30 degree, p=0.19) in the frontal knee ROM in comparison to the shoe only 

at baseline, even though an average decrease of 14.06 % was found. Additionally, after 

wearing the brace for three months, there was no significant change (mean difference 

0.63 degree, p=0.48) in the frontal knee ROM in comparison to the brace baseline, even 

though an average increase of 8.59% was found. In addition, after wearing the brace for 

three months, there was no significant change (mean difference 0.47 degree, p=0.60) in 

the frontal knee ROM between the shoe only at baseline and at three months, even though 
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an average decrease of 5.07% was found. Descriptive data of frontal plane knee angle 

results during walking are illustrated in figure 4-19 and table 4-22. 

 
 

Figure 4-19: Frontal plane knee angle of the four conditions during walking. 

Table 4-22: Mean, (SD) frontal plane knee angle during walking. 

Type Shoe 

Baseline 

Brace 

Baseline 

Brace 

Three Months 

Shoe 

Three Months 

Maximum knee angle Y Mean (SD)(°) 3.64(6.68) 3.06(6.38) 4.04(5.55) 4.12(5.54) 

Minimum knee angle Y Mean (SD)(°) -5.63(8.03) -4.26(7.16) -3.91(5.60) -4.66(6.16) 

Knee ROM Y angle Mean (SD)(°) 9.25(3.82) 7.32(3.13) 7.95(3.34) 8.78(2.85) 

 

4.3.8.5 Hip angle (sagittal plane) 

After wearing the brace for three months, there was no significant change (mean 

difference 3.41 degree, p=0.15) in the maximum of hip flexion angle in comparison to the 

shoe only at baseline, even though an average increase of 13.64 % was found. 

Additionally, after wearing the brace for three months, there was no significant change 

(mean difference 3.65 degree, p=0.17) in the maximum of hip flexion angle in 

comparison to the brace baseline, even though an average increase of 14.71% was found. 

In addition, after wearing the brace for three months, there was no significant change 
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(mean difference 3.40 degree, p=0.15) in the maximum of hip flexion angle between the 

shoe only at baseline and at three months, even though an average increase of 13.58% 

was found. 

After wearing the brace for three months, there was a significant decrease (mean 

difference 5.10 degree, p=0.03) in the maximum hip extension angle in comparison to the 

shoe only at baseline, with an average decrease of 28.27 % was found. However, after 

wearing the brace for three months, there was no significant change (mean difference -

5.19 degree, p=0.05) in the maximum of hip extension angle in comparison to the brace 

baseline, even though decrease of 28.60% was found. However, after wearing the brace 

for three months, there was a significant decrease (mean difference 4.76 degree, p=0.04) 

in the maximum of hip extension angle between the shoe only at baseline and at three 

months, with an average decrease of 26.36% was found. 

After wearing the brace for three months, there was a significant decrease (mean 

difference 1.69 degree, p=0.04) in the hip ROM in comparison to the shoe only at 

baseline, with an average decrease of 3.92 % was found. Additionally, after wearing the 

brace for three months, there was a significant decrease (mean difference 1.54 degree, 

p=0.03) in the hip ROM in comparison to the brace baseline, with an average decrease of 

3.59% was found. However, after wearing the brace for three months, there was no 

significant change (mean difference 1.36 degree, p=0.10) in the hip ROM between the 

shoe only at baseline and at three months, even though an average decrease of 3.16% was 

found. Descriptive data of sagittal plane hip angle results during walking are illustrated in 

figure 4-20 and table 4-23. 
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Figure 4-20: Sagittal plane hip angle of the four conditions during walking. 

Table 4-23: Mean, (SD) sagittal plane hip angle during walking 

Type Shoe 

Baseline 

Brace 

Baseline 

Brace 

Three Months 

Shoe 

Three 

Months 

Hip Flexion Mean (SD)(°) 25.02(10.65) 24.79(11.08) 28.44(6.41) 28.42(6.65) 

Hip Extension Mean (SD)(°) -18.06(11.76) -18.14(12.04) -12.95(9.86) -13.30(9.84) 

Hip ROM Mean (SD)(°) 43.08(5.68) 42.93(5.01) 41.39(5.40) 41.72(5.32) 

 

4.3.9 The kinematic results of the affected leg during ascending stairs 

4.3.9.1 Gait temporo-spatial parameters 

After three months, left stance time significantly decrease (p=0.01) between the brace 

three months and the shoe only baseline, and brace baseline (p=0.03). In addition, left 

stance time significantly decrease (p=0.01) between the only shoe three months and 

baseline. 

After three months, right stance time significantly decrease (p=0.00) between the brace 

three months and the shoe only baseline, and brace baseline (p=0.03). In addition, left 

stance time significantly decrease (p=0.00) between the only shoe three months and 
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baseline. Descriptive data of Gait temporo-spatial parameter results during ascending are 

illustrated in Table 4-24. 

Table 4-24 Gait temporo-spatial parameter results during ascent. 

Type Shoe 

Baseline 

Brace 

Baseline 

Brace 

Three Months 

Shoe 

Three 

Months 

Stride width (m) Mean (SD) 0.15(0.04) 0.15(0.03) 0.15(0.03) 0.14(0.03) 

Left stance time (s) Mean (SD) 1.48(0.38) 1.34(0.24) 1.19(0.19) 1.25(0.21) 

Right stance time (s) Mean (SD) 1.45(0.33) 1.30(0.19) 1.19(0.15) 1.27(0.22)  

 

4.3.9.2 Ankle angle (sagittal plane) 

After wearing the brace for three months, there was no significant change (mean 

difference 1.64 degree, p=0.11) in the maximum of ankle dorsiflexion angle in 

comparison to the shoe only at baseline, even though an average increase of 6.54 % was 

found. Additionally, after wearing the brace for three months, there was no significant 

change (mean difference 0.85 degree, p=0.38) in the maximum of ankle dorsiflexion 

angle in comparison to the brace baseline, even though an average increase of 3.30% was 

found. In addition, after wearing the brace for three months, there was no significant 

change (mean difference 0.0 degree, p=1) in the maximum of ankle dorsiflexion angle 

between the shoe only at baseline and at three months. 

After wearing the brace for three months, there was a significant decrease (mean 

difference 3.77 degree, p=0.00) in the maximum ankle planter flexion angle in 

comparison to the shoe only at baseline, with an average decrease of 36.54 % was found. 

However, after wearing the brace for three months, there was no significant change 

(mean difference 1.17 degree, p=0.08) in the maximum of ankle planter flexion angle in 

comparison to the brace baseline, even though an average decrease of 15.13% was found. 

However, after wearing the brace for three months, there was a significant decrease 

(mean difference 2.01 degree, p=0.04) in the maximum of ankle planter flexion angle 

between the shoe only at baseline and at three months, with an average decrease of 

19.47% was found. 
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After wearing the brace for three months, there was a significant decrease (mean 

difference 2.13 degree, p=0.00) in the ankle ROM in comparison to the shoe only at 

baseline, with an average decrease of 6.02 % was found. However, after wearing the 

brace for three months, there was no significant change (mean difference 0.31 degree, 

p=0.70) in the ankle ROM in comparison to the brace baseline, even though an average 

decrease of 0.93% was found. However, after wearing the brace for three months, there 

was a significant decrease (mean difference 2.01 degree, p=0.01) in the ankle ROM 

between the shoe only at baseline and at three months, with an average decrease of 5.69% 

was found. Descriptive data of sagittal plane ankle angle results during ascending are 

illustrated in figure 4-21 and table 4-25. 

 
Figure 4-21: Sagittal plane ankle angle of the four conditions during ascent. 

Table 4-25: Mean, (SD) sagittal plane ankle angle during ascent. 

Type Shoe 

Baseline 

Brace 

Baseline 

Brace 

Three Months 

Shoe 

Three Months 

Ankle Dorsiflexion Mean (SD)(°) 25.05(2.75) 25.83(2.66) 26.69(3.39) 25.05(3.56) 

Ankle Planter flexion Mean (SD) (°) -10.31(5.54) -7.71(4.94) -6.54(5.42) -8.30(5.89) 

Ankle ROM Mean (SD) (°) 35.36(6.71) 33.54(6.70) 33.23(5.83) 33.35(6.18) 
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4.3.9.3 Knee angle (sagittal plane) 

At initial contact after wearing the brace for three months, there was a significant 

increase (mean difference 3.98 degree, p=0.00) in the knee angle in comparison to the 

shoe only at baseline, with an average increase of 6.38 % was found. Additionally, after 

wearing the brace for three months, there was a significant increase (mean difference 

3.81 degree, p=0.02) in the knee angle in comparison to the brace baseline, with an 

average increase of 6.09% was found. However, after wearing the brace for three months, 

there was no significant change (mean difference 2.80 degree, p=0.06) in the knee angle 

between the shoe only at baseline and at three months, even though an average increase 

of 4.48% was found. 

At loading response stage after wearing the brace for three months, there was a 

significant increase (mean difference 3.16 degree, p=0.01) in the maximum of knee angle 

in comparison to the shoe only at baseline, with an average increase of 14.95 % was 

found. However, after wearing the brace for three months, there was no significant 

change (mean difference 2.74 degree, p=0.07) in the maximum of knee angle in 

comparison to the brace baseline, even though an average increase of 10.42% was found. 

In addition, after wearing the brace for three months, there was no significant change 

(mean difference 2.33 degree, p=0.12) in the maximum of knee angle between the shoe 

only at baseline and at three months, even though an average increase of 3.54% was 

found. 

At mid stance stage after wearing the brace for three months, there was a significant 

increase (mean difference 3.06 degree, p=0.03) in the minimum of knee angle in 

comparison to the shoe only at baseline, with an average increase of 20.68% was found. 

However, after wearing the brace for three months, there was no significant change 

(mean difference 2.35 degree, p=0.05) in the minimum of knee angle in comparison to 

the brace baseline, even though an average increase of 15.19% was found. In addition, 

after wearing the brace for three months, there was no significant change (mean 

difference 0.67 degree, p=0.58) in the minimum of knee angle between the shoe only at 

baseline and at three months, even though an average increase of 4.53% was found. 
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At mid swing stage after wearing the brace for three months, there was no significant 

change (mean difference 2.12 degree, p=0.59) in the maximum of knee angle in 

comparison to the shoe only at baseline, even though an average decrease of 2.16 % was 

found. Additionally, after wearing the brace for three months, there was no significant 

change (mean difference 1.94 degree, p=0.22) in the maximum of knee angle in 

comparison to the brace baseline, even though an average increase of 1.92% was found. 

In addition, after wearing the brace for three months, there was no significant change 

(mean difference 1.24 degree, p=0.49) in the maximum of knee angle between the shoe 

only at baseline and at three months, even though an average increase of 1.26% was 

found.  

After wearing the brace for three months, there was a significant decrease (mean 

difference 5.18 degree, p=0.01) in the sagittal knee ROM in comparison to the shoe only 

at baseline, with an average decrease of 6.19 % was found. However, after wearing the 

brace for three months, there was no significant change (mean difference 0.53 degree, 

p=0.70) in the sagittal knee ROM in comparison to the brace baseline, even though an 

average decrease of 0.67% was found. In addition, after wearing the brace for three 

months, there was no significant change (mean difference 0.57degree, p=0.69) in the 

sagittal knee ROM between the shoe only at baseline and at three months, even though an 

average increase of 0.68% was found. Descriptive data of sagittal plane knee angle 

results during ascending are illustrated in figure 4-22 and table 4-26. 
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Figure 4-22: Sagittal plane knee angle of the four conditions during ascent. 

Table 4-26: Mean, (SD) sagittal plane knee angle during ascent. 

Type Shoe 

Baseline 

Brace 

Baseline 

Brace 

Three Months 

Shoe 

Three Months 

Initial contact Mean (SD)(°) 62.44(4.87) 62.61(6.54) 66.42(4.56) 65.24(5.33) 

Loading response Mean (SD)(°) 65.77(5.60) 66.19(7.37) 68.93(6.17) 68.10(4.41) 

Mid stance Mean (SD) (°) 14.78(6.94) 15.48(6.12) 17.84(4.18) 15.45(4.55) 

 Mid swing Mean (SD) (°) 98.50(8.15) 94.56(8.33) 96.38(5.36) 99.74(5.05) 

Knee ROM X angle Mean (SD)(°) 83.72(7.64) 79.07(7.63) 78.54(6.23) 84.29(6.45) 

 

4.3.9.4 Knee angle (frontal plane) 

After wearing the brace for three months, there was no significant change (mean 

difference 0.08 degree, p=0.95) in the maximum of frontal knee angle in comparison to 

the shoe only at baseline, even though an average decrease of 0.72 % was found. 

Additionally, after wearing the brace for three months, there was no significant change 

(mean difference 2.48 degree, p=0.12) in the maximum of frontal knee angle in 

comparison to the brace baseline, even though an average increase of 29.08 % was found. 

In addition, after wearing the brace for three months, there was no significant change 

(mean difference 2.14 degree, p=0.15) in the maximum of frontal knee angle between the 



123 

shoe only at baseline and at three months, even though an average increase of 19.30 % 

was found. 

After wearing the brace for three months, there was no significant change (mean 

difference 0.99 degree, p=0.11) in the minimum of frontal knee angle in comparison to 

the shoe only at baseline. Additionally, after wearing the brace for three months, there 

was no significant change (mean difference 1.14 degree, p=0.09) in the minimum of 

frontal knee angle in comparison to the brace baseline. In addition, after wearing the 

brace for three months, there was no significant change (mean difference 0.96 degree, 

p=0.13) in the minimum of frontal knee angle between the shoe only at baseline and at 

three months. 

After wearing the brace for three months, there was no significant change (mean 

difference 1.07 degree, p=0.33) in the frontal knee ROM in comparison to the shoe only 

at baseline, even though an average decrease of 9.19 % was found. Additionally, after 

wearing the brace for three months, there was no significant change (mean difference 

1.34 degree, p=0.26) in the frontal knee ROM in comparison to the brace baseline, even 

though an average increase of 14.53% was found. In addition, after wearing the brace for 

three months, there was no significant change (mean difference 1.18 degree, p=0.32) in 

the frontal knee ROM between the shoe only at baseline and at three months, even though 

an average increase of 10.14% was found. Descriptive data of frontal plane knee angle 

results during ascending are illustrated in figure 4-23 and table 4-27. 
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Figure 4-23: Frontal plane knee angle of the four conditions during ascent. 

Table 4-27: Mean, (SD) frontal plane knee angle during ascent. 

Type Shoe 

Baseline 

Brace 

Baseline 

Brace 

Three Months 

Shoe 

Three Months 

Maximum knee angle Y Mean (SD)(°) 11.10(5.91) 8.54(7.22) 11.02(5.26) 13.24(4.87) 

Minimum knee angle Y Mean (SD)(°) -0.55(5.49) -0.70(5.61) 0.44 (4.95) 0.41(4.57) 

Knee ROM Y angle Mean (SD)(°) 11.66(6.56) 9.24(5.06) 10.58(5.73) 12.84(6.08) 

 

4.3.9.5 Hip angle (sagittal plane) 

After wearing the brace for three months, there was no significant change (mean 

difference 0.99 degree, p=0.71) in the maximum of hip flexion angle in comparison to the 

shoe only at baseline, even though an average increase of 1.71 % was found. 

Additionally, after wearing the brace for three months, there was no significant change 

(mean difference 3.0 degree, p=0.23) in the maximum of hip flexion angle in comparison 

to the brace baseline, even though an average increase of 5.35% was found. In addition, 

after wearing the brace for three months, there was no significant change (mean 

difference 2.38 degree, p=0.43) in the maximum of hip flexion angle between the shoe 
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only at baseline and at three months, even though an average increase of 4.10% was 

found. 

After wearing the brace for three months, there was no significant change (mean 

difference 3.04 degree, p=0.25) in the maximum hip extension angle in comparison to the 

shoe only at baseline. Additionally, after wearing the brace for three months, there was a 

significant decrease (mean difference 4.29 degree, p=0.10) in the maximum of hip 

extension angle in comparison to the brace baseline. In addition, after wearing the brace 

for three months, there was a significant decrease (mean difference 2.87 degree, p=0.22) 

in the maximum of hip extension angle between the shoe only at baseline and at three 

months. 

After wearing the brace for three months, there was no significant change (mean 

difference 2.05 degree, p=0.09) in the hip ROM in comparison to the shoe only at 

baseline, even though an average decrease of 3.60 % was found. Additionally, after 

wearing the brace for three months, there was no significant change (mean difference 

1.29 degree, p=0.28) in the hip ROM in comparison to the brace baseline, even though an 

average decrease of 2.29% was found. In addition, after wearing the brace for three 

months, there was no significant change (mean difference 0.49 degree, p=0.72) in the hip 

ROM between the shoe only at baseline and at three months, even though an average 

decrease of 0.86% was found. Descriptive data of sagittal plane hip angle results during 

ascending are illustrated in figure 4-24 and table 4-28. 
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Figure 4-24: Sagittal plane hip angle of the four conditions during ascent. 

Table 4-28: Mean, (SD) sagittal plane hip angle during ascent. 

Type Shoe 

Baseline 

Brace 

Baseline 

Brace 

Three Months 

Shoe 

Three Months 

Hip Flexion Mean (SD) (°) 58.07(11.77) 56.06(10.98) 59.06(6.04) 60.45(6.33) 

Hip Extension Mean (SD) (°) 0.99(11.45) -0.26(10.68) 4.03(7.92) 3.86(6.93) 

Hip ROM Mean (SD) (°) 57.08(4.98) 56.32(4.88) 55.03(4.16) 56.59(4.48) 

 

4.3.10 The kinematic results of the affected leg during descending stairs 

4.3.10.1 Gait temporo-spatial parameters 

After three months, left stance time significantly decrease (p=0.01) between the brace at 

three months and only the shoe at baseline, but did not significantly decrease (p=0.11) 

with brace at baseline. In addition, left stance time significantly decrease (p=0.01) 

between the only shoe at three months and baseline. 

After three months, right stance time significantly decrease (p=0.01) between the brace at 

three months and only the shoe at baseline, and but did not significantly decrease 

(p=0.06) with brace at baseline. In addition, left stance time significantly decrease 
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(p=0.02) between the only shoe at three months and baseline. Descriptive data of Gait 

temporo-spatial parameter results during descending are illustrated in Table 4-29. 

Table 4-29: Gait temporo-spatial parameter results during descent. 

Type Shoe 

Baseline 

Brace 

Baseline 

Brace 

Three Months 

Shoe 

Three 

Months 

Stride width (m) Mean (SD) 0.16(0.03) 0.16(0.03) 0.17(0.02) 0.16(0.02) 

Left stance time (s) Mean (SD) 1.43(0.49) 1.19(0.23) 1.09(0.21) 1.16(0.23) 

Right stance time (s) Mean (SD) 1.49(0.52) 1.24(0.27) 1.10(0.18) 1.20(0.30) 

 

4.3.10.2 Ankle angle (sagittal plane) 

After wearing the brace for three months, there was no significant change (mean 

difference 1.58 degree, p=0.14) in the maximum of ankle dorsiflexion angle in 

comparison to the shoe only at baseline, even though an average increase of 4.04 % was 

found. Additionally, after wearing the brace for three months, there was no significant 

change (mean difference 1.17 degree, p=0.25) in the maximum of ankle dorsiflexion 

angle in comparison to the brace baseline, even though an average increase of 2.95% was 

found. In addition, after wearing the brace for three months, there was no significant 

change (mean difference 1.06 degree, p=0.19) in the maximum of ankle dorsiflexion 

angle between the shoe only at baseline and at three months, even though an average 

increase of 2.71 % was found. 

After wearing the brace for three months, there was a significant decrease (mean 

difference 2.99 degree, p=0.00) in the maximum ankle planter flexion angle in 

comparison to the shoe only at baseline, with an average decrease of 15.91 % was found. 

Additionally, after wearing the brace for three months, there was a significant decrease 

(mean difference 1.64 degree, p=0.01) in the maximum of ankle planter flexion angle in 

comparison to the brace baseline, with an average decrease of 9.40% was found. 

However, after wearing the brace for three months, there was no significant change 

(mean difference 1.48 degree, p=0.20) in the maximum of ankle planter flexion angle 

between the shoe only at baseline and at three months, even though an average decrease 

of 7.89% was found. 
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After wearing the brace for three months, there was no significant change (mean 

difference 1.41 degree, p=0.24) in the ankle ROM in comparison to the shoe only at 

baseline, even though an average decrease of 2.44 % was found. Additionally, after 

wearing the brace for three months, there was no significant change (mean difference 

0.47 degree, p=0.65) in the ankle ROM in comparison to the brace baseline, even though 

an average decrease of 0.83% was found. In addition, after wearing the brace for three 

months, there was no significant change (mean difference 0.42 degree, p=0.67) in the 

ankle ROM between the shoe only at baseline and at three months, even though an 

average decrease of 0.73% was found. Descriptive data of sagittal plane ankle angle 

results during descending are illustrated in figure 4-25 and table 4-30. 

 
Figure 4-25: Sagittal plane ankle angle of the four conditions during descent. 

Table 4-30: Mean, (SD) sagittal plane ankle angle during descent. 

Type Shoe 

Baseline 

Brace 

Baseline 

Brace 

Three Months 

Shoe 

Three Months 

Ankle Dorsiflexion Mean (SD)(°) 39.06(2.73) 39.47(3.42) 40.64(5.35) 40.12(4.65) 

Ankle Planter flexion Mean (SD) (°) -18.78(5.08) -17.43(4.67) -15.79(5.27) -17.30(5.75) 

Ankle ROM Mean (SD) (°) 57.84(5.91) 56.90(6.56) 56.43(7.85) 57.42(6.39) 
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4.3.10.3 Knee angle (sagittal plane) 

At initial contact after wearing the brace for three months, there was a significant 

increase (mean difference 4.20 degree, p=0.00) in the knee angle in comparison to the 

shoe only at baseline, with an average increase of 35.72 % was found. Additionally after 

wearing the brace for three months, there was a significant increase (mean difference 

2.97 degree, p=0.02) in the knee angle in comparison to the brace baseline, with an 

average increase of 22.89% was found. However after wearing the brace for three 

months, there was no significant change (mean difference 2.19 degree, p=0.06) in the 

knee angle between the shoe only at baseline and at three months, even though an 

average increase of 18.67% was found. 

At loading response stage after wearing the brace for three months, there was a 

significant increase (mean difference 5.55 degree, p=0.00) in the maximum of knee angle 

in comparison to the shoe only at baseline, with an average increase of 23.74 % was 

found. Additionally, after wearing the brace for three months, there was a significant 

increase (mean difference 3.37 degree, p=0.02) in the maximum of knee angle in 

comparison to the brace baseline, with an average increase of 13.19% was found. In 

addition, after wearing the brace for three months, there was a significant increase (mean 

difference 3.90 degree, p=0.01) in the maximum of knee angle between the shoe only at 

baseline and at three months, with an average increase of 16.68% was found. 

At mid stance stage after wearing the brace for three months, there was a significant 

increase (mean difference 6.31 degree, p=0.00) in the minimum of knee angle in 

comparison to the shoe only at baseline, with an average increase of 29.37% was found. 

Additionally, after wearing the brace for three months, there was a significant increase 

(mean difference 3.85 degree, p=0.02) in the minimum of knee angle in comparison to 

the brace baseline, with an average increase of 16.09% was found. In addition, after 

wearing the brace for three months, there was a significant increase (mean difference 

4.12 degree, p=0.00) in the minimum of knee angle between the shoe only at baseline and 

at three months, with an average increase of 19.18% was found. 
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At mid swing stage after wearing the brace for three months, there was a significant 

increase (mean difference 3.18 degree, p=0.01) in the maximum of knee angle in 

comparison to the shoe only at baseline, with an average increase of 3.31 % was found. 

However, after wearing the brace for three months, there was no significant change 

(mean difference 2.12 degree, p=0.05) in the maximum of knee angle in comparison to 

the brace baseline, even though an average increase of 2.19% was found. However, after 

wearing the brace for three months, there was a significant increase (mean difference 

2.76 degree, p=0.02) in the maximum of knee angle between the shoe only at baseline 

and at three months, with an average increase of 2.87% was found.  

After wearing the brace for three months, there was no significant change (mean 

difference 1.02 degree, p=0.50) in the sagittal knee ROM in comparison to the shoe only 

at baseline, even though an average decrease of 1.20 % was found. Additionally, after 

wearing the brace for three months, there was no significant change (mean difference 

0.85 degree, p=0.48) in the sagittal knee ROM in comparison to the brace baseline, even 

though an average decrease of 1.01% was found. In addition, after wearing the brace for 

three months, there was no significant change (mean difference 0.56 degree, p=0.53) in 

the sagittal knee ROM between the shoe only at baseline and at three months, even 

though an average increase of 0.67% was found. Descriptive data of sagittal plane knee 

angle results during descending are illustrated in figure 4-26 and table 4-31. 
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Figure 4-26: Sagittal plane knee angle of the four conditions during descent. 

Table 4-31: Mean, (SD) sagittal plane knee angle during descent. 

Type Shoe 

Baseline 

Brace 

Baseline 

Brace 

Three Months 

Shoe 

Three 

Months 

Initial contact Mean (SD) (°) 11.75 (5.69) 12.98 (5.84) 15.95 (3.99) 13.94 (4.18) 

Loading response Mean (SD) (°) 23.39 (5.37) 25.57 (6.37) 28.94 (5.25) 27.29 (4.64) 

Mid stance Mean (SD) (°) 21.48(5.05) 23.94(6.59) 27.79(5.95) 25.60(5.30) 

 Mid swing Mean (SD) (°) 96.09 (6.62) 97.15 (6.94) 99.27(5.81) 98.85(4.68) 

Knee ROM X angle Mean (SD)(°) 84.34(6.34) 84.17(6.50) 83.33(6.53) 84.91(5.57) 

 

4.3.10.4 Knee angle (frontal plane) 

After wearing the brace for three months, there was no significant change (mean 

difference 0.75 degree, p=0.49) in the maximum of frontal knee angle in comparison to 

the shoe only at baseline, even though an average increase of 9.47 % was found. 

Additionally, after wearing the brace for three months, there was no significant change 

(mean difference 1.58 degree, p=0.16) in the maximum of frontal knee angle in 

comparison to the brace baseline, even though an average increase of 22.42 % was found. 

In addition, after wearing the brace for three months, there was no significant change 
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(mean difference 1.81 degree, p=0.16) in the maximum of frontal knee angle between the 

shoe only at baseline and at three months, even though an average increase of 23.07 % 

was found. 

After wearing the brace for three months, there was a significant decrease (mean 

difference 2.75 degree, p=0.00) in the minimum of frontal knee angle in comparison to 

the shoe only at baseline. Additionally, after wearing the brace for three months, there 

was a significant decrease (mean difference 2.54 degree, p=0.01) in the minimum of 

frontal knee angle in comparison to the brace baseline. In addition, after wearing the 

brace for three months, there was a significant decrease (mean difference 2.62 degree, 

p=0.00) in the minimum of frontal knee angle between the shoe only at baseline and at 

three months. 

After wearing the brace for three months, there was a significant decrease (mean 

difference 2.01 degree, p=0.03) in the frontal knee ROM in comparison to the shoe only 

at baseline, with an average decrease of 20.92 % was found. However, after wearing the 

brace for three months, there was no significant change (mean difference 0.96 degree, 

p=0.34) in the frontal knee ROM in comparison to the brace baseline, even though an 

average decrease of 11.27% was found. In addition, after wearing the brace for three 

months, there was no significant change (mean difference 81 degree, p=0.38) in the 

frontal knee ROM between the shoe only at baseline and at three months, even though an 

average decrease of 8.42% was found. Descriptive data of frontal plane knee angle results 

during descending are illustrated in figure 4-27 and table 4-32. 
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Figure 4-27: Frontal plane knee angle of the four conditions during descent. 

Table 4-32: Mean, (SD) frontal plane knee angle during descent. 

Type Shoe 

Baseline 

Brace 

Baseline 

Brace 

Three Months 

Shoe 

Three Months 

Maximum knee angle Y Mean (SD)(°) 7.87(5.52) 7.03(5.60) 8.61(4.62) 9.68(4.83) 

Minimum knee angle Y Mean (SD)(°) -1.73(6.30) -1.52(6.29) 1.02(4.78) 0.89(4.86) 

Knee ROM Y angle Mean (SD)(°) 9.60(3.50) 8.55(2.96) 7.59(2.34) 8.79(3.08) 

 

4.3.10.5 Hip angle (sagittal plane) 

After wearing the brace for three months, there was no significant change (mean 

difference 1.09 degree, p=0.69) in the maximum of hip flexion angle in comparison to the 

shoe only at baseline, even though an average decrease of 3.05 % was found. 

Additionally, after wearing the brace for three months, there was no significant change 

(mean difference 1.66 degree, p=0.52) in the maximum of hip flexion angle in 

comparison to the brace baseline, even though an average increase of 5.07% was found. 

In addition, after wearing the brace for three months, there was no significant change 

(mean difference 1.37 degree, p=0.67) in the maximum of hip flexion angle between the 



134 

shoe only at baseline and at three months, even though an average increase of 3.85% was 

found. 

After wearing the brace for three months, there was no significant change (mean 

difference 1.54 degree, p=0.59) in the maximum hip extension angle in comparison to the 

shoe only at baseline. Additionally, after wearing the brace for three months, there was no 

significant change (mean difference 3.69 degree, p=0.18) in the maximum of hip 

extension angle in comparison to the brace baseline. In addition, after wearing the brace 

for three months, there was no significant change (mean difference 2.10 degree, p=0.43) 

in the maximum of hip extension angle between the shoe only at baseline and at three 

months. 

After wearing the brace for three months, there was a significant decrease (mean 

difference 2.63 degree, p=0.03) in the hip ROM in comparison to the shoe only at 

baseline, with an average decrease of 8.50 % was found. However, after wearing the 

brace for three months, there was no significant change (mean difference 2.03 degree, 

p=0.05) in the hip ROM in comparison to the brace baseline, even though an average 

decrease of 6.69% was found. In addition, after wearing the brace for three months, there 

was no significant change (mean difference 0.73 degree, p=0.55) in the hip ROM 

between the shoe only at baseline and at three months, even though an average decrease 

of 2.37% was found. Descriptive data of sagittal plane hip angle results during 

descending are illustrated in figure 4-28 and table 4-33. 
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Figure 4-28: Sagittal plane hip angle of the four conditions during descent. 

Table 4-33: Mean, (SD) sagittal plane hip angle during descent. 

Type Shoe 

Baseline 

Brace 

Baseline 

Brace 

Three Months 

Shoe 

Three Months 

Hip Flexion Mean (SD) (°) 35.58(11.90) 32.83(10.70) 34.49(7.24) 36.95(6.65) 

Hip Extension Mean (SD) (°) 4.68(12.27) 2.53(12.03) 6.22(8.65) 6.78(8.52) 

Hip ROM Mean (SD) (°) 30.90(4.27) 30.30(3.84) 28.27(3.62) 30.17(3.78) 

 

4.3.11 The kinetic results of the contralateral leg during walking 

4.3.11.1 The external knee adduction moment (EKAM) 

There was no significant change (mean difference 0.07 Nm/kg, p=0.07) in the first peak 

of EKAM in the contralateral limb between the shoe only at baseline and after wearing 

the brace for three months in the brace condition. In addition, when not wearing the brace 

there was no significant change (mean difference 0.08 Nm/kg, p=0.07) in the first peak of 

EKAM in the contralateral limb between the shoe only at baseline and the shoe only 

condition at three months. 

There was no significant change (mean difference 0.01 Nm/kg, p=0.47) in the second 

peak of EKAM in the contralateral limb between the shoe only at baseline and after 
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wearing the brace for three months in the brace condition. In addition, when not wearing 

the brace there was no significant change (mean difference 0.01 Nm/kg, p=0.65) in the 

second peak of EKAM in the contralateral limb between the shoe only at baseline and the 

shoe only condition at three months. Descriptive data of contralateral EKAM results 

during walking are illustrated in figure 4-29 and table 4-34.   

 
Figure 4-29: Contralateral the external knee adduction moment (EKAM) of three conditions 

during walking. 

Table 4-34: Mean (SD) Contralateral first and second peak of the EKAM during walking. 

Type Shoe 
Base line 

Brace 
Three Months 

Shoe 
Three Months 

EKAM 1 Mean (SD) (Nm/kg) 0.38(0.14) 0.45(0.21) 0.46(0.21) 

EKAM 2 Mean (SD) (Nm/kg) 0.34(0.15) 0.35(0.16) 0.35(0.15) 

 

4.3.11.2 The Knee moment (sagittal plane): 

There was no significant change (mean difference 0.05 Nm/kg, p=0.33) in the maximum 

knee flexor moment in the contralateral limb between the shoe only at baseline and after 

wearing the brace for three months in the brace condition. In addition, when not wearing 

the brace there was no significant change (mean difference 0.07 Nm/kg, p=0.20) in the 
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maximum knee flexor moment in the contralateral limb between the shoe only at baseline 

and the shoe only condition at three months. 

There was no significant change (mean difference 0.02 Nm/kg, p=0.39) in the maximum 

knee extensor moment in the contralateral limb between the shoe only at baseline and 

after wearing the brace for three months in the brace condition. In addition, when not 

wearing the brace there was no significant change (mean difference 0.02 Nm/kg, p=0.52) 

in the maximum knee extensor moment in the contralateral limb between the shoe only at 

baseline and the shoe only condition at three months. Descriptive data of contralateral 

sagittal plane knee moment results during walking are illustrated in figure 4-30 and table 

4-35. 

Figure 4-30: Contralateral sagittal plane knee moment of the three conditions during walking. 

Table 4-35: Mean (SD) Contralateral sagittal plane knee moment during walking. 

Type Shoe 

Base line 

Brace 

Three Months 
Shoe 

Three Months 

Knee flexion Mom Mean (SD) (Nm/kg) 0.87(0.22) 0.92(0.24) 0.94(0.25) 

Knee extension Mom Mean (SD) (Nm/kg) -0.29(0.11) -0.27(0.14) 0.-28(0.14) 
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4.3.11.3 Vertical Ground Reaction Force (GRF) 

At early stage, there was no significant change (mean difference 0.02 
•
BW, p=0.41) in the 

GRF in the contralateral limb between the shoe only at baseline and after wearing the 

brace for three months in the brace condition. In addition, when not wearing the brace 

there was no significant change (mean difference 0.03 
•
BW, p=0.30) in the GRF in the 

contralateral limb between the shoe only at baseline and the shoe only condition at three 

months. 

At mid stage, there was no significant change (mean difference 0.02 
•
BW, p=0.20) in the 

GRF in the contralateral limb between the shoe only at baseline and after wearing the 

brace for three months in the brace condition. In addition, when not wearing the brace 

there was no significant change (mean difference 0.00 
•
BW, p=0.73) in the GRF in the 

contralateral limb between the shoe only at baseline and the shoe only condition at three 

months. 

At late stage, there was no significant change (mean difference 0.01 
•
BW, p=0.31) in the 

GRF in the contralateral limb between the shoe only at baseline and after wearing the 

brace for three months in the brace condition. In addition, when not wearing the brace 

there was no significant change (mean difference 0.01 
•
BW, p=0.51) in the GRF in the 

contralateral limb between the shoe only at baseline and the shoe only condition at three 

months. Descriptive data of contralateral EKAM results during walking are illustrated in 

figure 4-31 and table 4-36. 
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Figure 4-31: Contralateral the ground reaction force (GRF) of the three conditions during 

walking. 

Table 4-36: Mean (SD) Contralateral Ground reaction force (GRF) during walking. 

Type Shoe 

Base line 

Brace 

Three Months 

Shoe 

Three Months 

Early stance GRF Mean (SD)(•BW) 1.11(0.11) 1.09(0.10) 1.08(0.13) 

Mid stance GRF  Mean (SD)(•BW) 0.79(0.08) 0.81(0.08) 0.79(0.08) 

Late stance GRF Mean (SD)(•BW) 1.09(0.07) 1.07(0.07) 1.08(0.08) 

 

4.3.12 The kinetic results of the contralateral leg during ascending stairs 

4.3.12.1 The external knee adduction moment (EKAM) 

There was no significant change (mean difference 0.10 Nm/kg, p=0.11) in the first peak 

of EKAM in the contralateral limb between the shoe only at baseline and after wearing 

the brace for three months in the brace condition. In addition, when not wearing the brace 

there was no significant change (mean difference 0.09Nm/kg, p=0.10) in the first peak of 

EKAM in the contralateral limb between the shoe only at baseline and the shoe only 

condition at three months. 
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There was no significant change (mean difference 0.03 Nm/kg, p=0.42) in the second 

peak of EKAM in the contralateral limb between the shoe only at baseline and after 

wearing the brace for three months in the brace condition. In addition, when not wearing 

the brace there was no significant change (mean difference 0.03 Nm/kg, p=0.46) in the 

second peak of EKAM in the contralateral limb between the shoe only at baseline and the 

shoe only condition at three months. Descriptive data of contralateral EKAM results 

during ascending are illustrated in figure 4-32 and table 4-37. 

 
Figure 4-32: Contralateral the external knee adduction moment (EKAM) of the three conditions 

during Ascent. 

Table 4-37: Mean (SD) Contralateral first and second peak of the EKAM during ascent. 

Type Shoe 
Base line 

Brace 
Three Months 

Shoe 
Three Months 

EKAM 1 Mean (SD) (Nm/kg) 0.30(0.15) 0.40(0.27) 0.39(0.24) 

EKAM 2 Mean (SD) (Nm/kg) 0.26(0.13) 0.29(0.20) 0.29(0.18) 
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4.3.12.2 The Knee moment (sagittal plane): 

There was a significant increase (mean difference 0.15 Nm/kg, p=0.04) in the maximum 

knee flexor moment in the contralateral limb between the shoe only at baseline and after 

wearing the brace for three months in the brace condition. However, when not wearing 

the brace there was no significant change (mean difference 0.11 Nm/kg, p=0.14) in the 

maximum knee flexor moment in the contralateral limb between the shoe only at baseline 

and the shoe only condition at three months. 

There was no significant change (mean difference 0.04 Nm/kg, p=0.06) in the maximum 

knee extensor moment in the contralateral limb between the shoe only at baseline and 

after wearing the brace for three months in the brace condition. In addition, when not 

wearing the brace there was no significant change (mean difference 0.00 Nm/kg, p=0.90) 

in the maximum knee extensor moment in the contralateral limb between the shoe only at 

baseline and the shoe only condition at three months. Descriptive data of contralateral 

sagittal plane knee moment results during ascending are illustrated in figure 4-33 and 

table 4-38. 

 
Figure 4-33: Contralateral sagittal plane knee moment of the three conditions during ascent. 
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Table 4-38: Mean (SD) Contralateral sagittal plane knee moment during ascent. 

Type Shoe 

Base line 

Brace 

Three Months 
Shoe 

Three Months 

Knee flexion Mom Mean (SD) (Nm/kg) 1.47(0.50) 1.62(0.66) 1.58(0.61) 

Knee extension Mom Mean (SD) (Nm/kg) -0.20(0.07) -0.24(0.10) -0.20(0.06) 

 

4.3.12.3 Vertical Ground Reaction Force (GRF) 

At early stage, there was no significant change (mean difference 0.04 
•
BW, p=0.06) in the 

GRF in the contralateral limb between the shoe only at baseline and after wearing the 

brace for three months in the brace condition. In addition, when not wearing the brace 

there was no significant change (mean difference 0.03 
•
BW, p=0.17) in the GRF in the 

contralateral limb between the shoe only at baseline and the shoe only condition at three 

months. 

At mid stage, there was no significant change (mean difference 0.00 
•
BW, p=0.90) in the 

GRF in the contralateral limb between the shoe only at baseline and after wearing the 

brace for three months in the brace condition. In addition, when not wearing the brace 

there was no significant change (mean difference 0.01 
•
BW, p=0.72) in the GRF in the 

contralateral limb between the shoe only at baseline and the shoe only condition at three 

months. 

At late stage, there was no significant change (mean difference 0.03 
•
BW, p=0.11) in the 

GRF in the contralateral limb between the shoe only at baseline and after wearing the 

brace for three months in the brace condition. In addition, when not wearing the brace 

there was no significant change (mean difference 0.03 
•
BW, p=0.10) in the GRF in the 

contralateral limb between the shoe only at baseline and the shoe only condition at three 

months. Descriptive data of contralateral GRF results during ascending are illustrated in 

figure 4-34 and table 4-39. 
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Figure 4-34: Contralateral the ground reaction force of the three conditions during Ascent. 

Table 4-39: Mean (SD) Contralateral ground reaction force (GRF) during ascent. 

Type Shoe 

Base line 

Brace 

Three Months 

Shoe 

Three Months 

Early stance GRF Mean (SD)(•BW) 0.95(0.08) 0.99(0.05) 0.97(0.04) 

Mid stance GRF  Mean (SD)(•BW) 0.83(0.09) 0.83(0.05) 0.84(0.05) 

Late stance GRF Mean (SD)(•BW) 1.03(0.04) 1.06(0.07) 1.05(0.06) 

 

3.3.13 The kinetic results of the contralateral leg during descending stairs 

4.3.13.1 The external knee adduction moment (EKAM) 

There was no significant change (mean difference 0.04 Nm/kg, p=0.46) in the first peak 

of EKAM in the contralateral limb between the shoe only at baseline and after wearing 

the brace for three months in the brace condition. In addition, when not wearing the brace 

there was no significant change (mean difference 0.08 Nm/kg, p=0.18) in the first peak of 

EKAM in the contralateral limb between the shoe only at baseline and the shoe only 

condition at three months. 
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There was no significant change (mean difference 0.10 Nm/kg, p=0.10) in the second 

peak of EKAM in the contralateral limb between the shoe only at baseline and after 

wearing the brace for three months in the brace condition. In addition, when not wearing 

the brace there was no significant change (mean difference 0.10 Nm/kg, p=0.09) in the 

second peak of EKAM in the contralateral limb between the shoe only at baseline and the 

shoe only condition at three months. Descriptive data of contralateral EKAM results 

during descending are illustrated in figure 4-35 and table 4-40. 

 
Figure 4-35: Contralateral the external knee adduction moment (EKAM) of the three conditions 

during descent. 

Table 4-40: Mean (SD) Contralateral first and second peak of the EKAM during descent. 

Type Shoe 
Base line 

Brace 
Three Months 

Shoe 
Three Months 

EKAM 1 Mean (SD) (Nm/kg) 0.26(0.16) 0.30(0.21) 0.34(0.23) 

EKAM 2 Mean (SD) (Nm/kg) 0.20(0.13) 0.30(0.17) 0.30(0.18) 
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4.3.13.2 The Knee moment (sagittal plane): 

There was no significant change (mean difference 0.48 Nm/kg, p=0.08) in the maximum 

knee flexor moment in the contralateral limb between the shoe only at baseline and after 

wearing the brace for three months in the brace condition. In addition, when not wearing 

the brace there was no significant change (mean difference 0.32 Nm/kg, p=0.15) in the 

maximum knee flexor moment in the contralateral limb between the shoe only at baseline 

and the shoe only condition at three months. 

There was no significant change (mean difference 0.01 Nm/kg, p=0.61) in the maximum 

knee extensor moment in the contralateral limb between the shoe only at baseline and 

after wearing the brace for three months in the brace condition. In addition, when not 

wearing the brace there was no significant change (mean difference 0.01 Nm/kg, p=0.51) 

in the maximum knee extensor moment in the contralateral limb between the shoe only at 

baseline and the shoe only condition at three months. Descriptive data of contralateral 

sagittal plane knee moment results during descending are illustrated in figure 4-36 and 

table 4-41. 

 
Figure 4-36: Contralateral sagittal plane knee moment of the three conditions during descent. 
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Table 4-41: Mean (SD) Contralateral sagittal plane knee moment during descent. 

Type Shoe 

Base line 

Brace 

Three Months 
Shoe 

Three Months 

Knee flexion Mom Mean (SD) (Nm/kg) 3.16(1.01) 3.63(1.32) 3.47(1.30) 

Knee extension Mom Mean (SD) (Nm/kg) -0.10(0.06) -0.11(0.04) -0.12(0.07) 

 

4.3.13.3 Vertical Ground Reaction Force (GRF) 

At early stage, there was no significant change (mean difference 0.08 
•
BW, p=0.26) in the 

GRF in the contralateral limb between the shoe only at baseline and after wearing the 

brace for three months in the brace condition. In addition, when not wearing the brace 

there was no significant change (mean difference 0.06 
•
BW, p=0.21) in the GRF in the 

contralateral limb between the shoe only at baseline and the shoe only condition at three 

months. 

At mid stage, there was no significant change (mean difference 0.01 
•
BW, p=0.58) in the 

GRF in the contralateral limb between the shoe only at baseline and after wearing the 

brace for three months in the brace condition. In addition, when not wearing the brace 

there was no significant change (mean difference 0.01 
•
BW, p=0.61) in the GRF in the 

contralateral limb between the shoe only at baseline and the shoe only condition at three 

months. 

At late stage, there was no significant change (mean difference 0.01 
•
BW, p=0.50) in the 

GRF in the contralateral limb between the shoe only at baseline and after wearing the 

brace for three months in the brace condition. In addition, when not wearing the brace 

there was no significant change (mean difference 0.02 
•
BW, p=0.32) in the GRF in the 

contralateral limb between the shoe only at baseline and the shoe only condition at three 

months. Descriptive data of contralateral GRF results during descending are illustrated in 

figure 4-37 and table 4-42. 
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Figure 4-37: Contralateral the ground reaction force (GRF) of the three conditions during descent. 

Table 4-42: Mean (SD) Contralateral ground reaction force (GRF) during descent. 

Type Shoe 

Base line 

Brace 

Three Months 

Shoe 

Three Months 

Early stance GRF Mean (SD)(•BW) 1.33(0.22) 1.41(0.18) 1.39(0.19) 

Mid stance GRF  Mean (SD)(•BW) 0.87(0.06) 0.88 (0.04) 0.88(0.04) 

Late stance GRF Mean (SD)(•BW) 0.97(0.05) 0.96(0.05) 0.95(0.05) 

 

4.3.14 The kinematic results of the contralateral leg during walking  

4.3.14.1 Ankle angle (sagittal plane) 

There was no significant change (mean difference 0.91 Nm/kg, p=0.15) in the maximum 

of ankle dorsiflexion angle in the Contralateral limb between the shoe only at baseline 

and after wearing the brace for three months in the brace condition. In addition, when not 

wearing the brace there was no significant change (mean difference 0.97 Nm/kg, p=0.12) 

in the maximum of ankle dorsiflexion angle in the Contralateral limb between the shoe 

only at baseline and the shoe only condition at three months. 
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There was no significant change (mean difference 1.52 Nm/kg, p=0.08) in the maximum 

ankle planter flexion angle in the Contralateral limb between the shoe only at baseline 

and after wearing the brace for three months in the brace condition. In addition, when not 

wearing the brace there was no significant change (mean difference 1.48 Nm/kg, p=0.06) 

in the maximum ankle planter flexion angle in the Contralateral limb between the shoe 

only at baseline and the shoe only condition at three months. 

There was no significant change (mean difference 0.61 Nm/kg, p=0.38) in the ankle 

ROM in the Contralateral limb between the shoe only at baseline and after wearing the 

brace for three months in the brace condition. In addition, when not wearing the brace 

there was no significant change (mean difference 0.52 Nm/kg, p=0.41) in the ankle ROM 

in the Contralateral limb between the shoe only at baseline and the shoe only condition at 

three months. Descriptive data of contralateral sagittal plane ankle angle results during 

walking are illustrated in figure 4-38 and table 4-43. 

 
Figure 4-38: Contralateral sagittal plane ankle angle of the three conditions during walking. 
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Table 4-43: Mean, (SD) Contralateral sagittal plane ankle angle during walking. 

Type Shoe 

Base line 

Brace 

Three Months 

Shoe 

Three Months 

Ankle Dorsiflexion Mean (SD)(°) 23.49(2.87) 24.39(3.82) 24.45(4.03) 

Ankle Planter flexion Mean (SD) (°) -9.85(4.02) -8.33(2.97) -8.37(3.11) 

Ankle ROM Mean (SD) (°) 33.34(4.36) 32.73(4.86) 32.82(4.87) 

 

4.3.14.2 Knee angle (sagittal plane) 

At initial, there was no significant change (mean difference 2.11 Nm/kg, p=0.11) in the 

knee angle in the Contralateral limb between the shoe only at baseline and after wearing 

the brace for three months in the brace condition. In addition, when not wearing the brace 

there was no significant change (mean difference 2.16 Nm/kg, p=0.24) in the knee angle 

in the Contralateral limb between the shoe only at baseline and the shoe only condition at 

three months. 

At loading response, there was no significant change (mean difference 2.61 Nm/kg, 

p=0.07) in the maximum of knee angle in the Contralateral limb between the shoe only at 

baseline and after wearing the brace for three months in the brace condition. In addition, 

when not wearing the brace there was no significant change (mean difference 3.02 

Nm/kg, p=0.06) in the maximum of knee angle in the Contralateral limb between the 

shoe only at baseline and the shoe only condition at three months. 

At mid stance stage, there was no significant change (mean difference 1.97 Nm/kg, 

p=0.17) in the minimum of knee angle in the Contralateral limb between the shoe only at 

baseline and after wearing the brace for three months in the brace condition. In addition, 

when not wearing the brace there was no significant change (mean difference 1.80 

Nm/kg, p=0.21) in the minimum of knee angle in the Contralateral limb between the shoe 

only at baseline and the shoe only condition at three months. 

At mid swing stage, there was no significant change (mean difference 1.83 Nm/kg, 

p=0.29) in the maximum of knee angle in the Contralateral limb between the shoe only at 

baseline and after wearing the brace for three months in the brace condition. In addition, 

when not wearing the brace there was no significant change (mean difference 1.88 
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Nm/kg, p=0.34) in the maximum of knee angle in the Contralateral limb between the 

shoe only at baseline and the shoe only condition at three months.  

There was no significant change (mean difference 0.28 degree, p=0.75) in the sagittal 

knee ROM in the Contralateral limb between the shoe only at baseline and after wearing 

the brace for three months in the brace condition. In addition, when not wearing the brace 

there was no significant change (mean difference 0.28 degree, p=0.80) in the sagittal knee 

ROM in the Contralateral limb between the shoe only at baseline and the shoe only 

condition at three months. Descriptive data of contralateral sagittal plane knee angle 

results during walking are illustrated in figure 4-39 and table 4-44. 

 
Figure 4-39: Contralateral sagittal plane knee angle of the three conditions during walking. 

Table 4-44: Mean, (SD) Contralateral sagittal plane knee angle during walking. 

Type Shoe 

Base line 

Brace 

Three Months 

Shoe 

Three Months 

Initial contact Mean (SD) (°) 7.32(5.81) 9.43(5.42) 9.48(6.51) 

Loading response Mean (SD) (°) 22.56(7.09) 25.18(6.97) 25.99(7.13) 

Mid stance Mean (SD) (°) 8.67(6.58) 10.64(8.04) 10.48(8.08) 

 Mid swing Mean (SD) (°) 74.28(7.09) 76.10(7.02) 76.16(8.53) 

Knee ROM X angle Mean (SD)(°) 66.96(5.86) 66.67(5.70) 66.67(7.81) 
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4.3.14.3 Knee angle (frontal plane) 

There was no significant change (mean difference 1.43 Nm/kg, p=0.24) in the maximum 

of frontal knee angle in the Contralateral limb between the shoe only at baseline and after 

wearing the brace for three months in the brace condition. In addition, when not wearing 

the brace there was no significant change (mean difference 1.56 Nm/kg, p=0.21) in the 

maximum of frontal knee angle in the Contralateral limb between the shoe only at 

baseline and the shoe only condition at three months. 

There was no significant change (mean difference 2.34 Nm/kg, p=0.05) in the minimum 

of frontal knee angle in the Contralateral limb between the shoe only at baseline and after 

wearing the brace for three months in the brace condition. In addition, when not wearing 

the brace there was no significant change (mean difference 0.09 Nm/kg, p=2.14) in the 

minimum of frontal knee angle in the Contralateral limb between the shoe only at 

baseline and the shoe only condition at three months. 

There was no significant change (mean difference 0.92Nm/kg, p=0.30) in the frontal knee 

ROM in the Contralateral limb between the shoe only at baseline and after wearing the 

brace for three months in the brace condition. In addition, when not wearing the brace 

there was no significant change (mean difference 0.58 Nm/kg, p=0.52) in the frontal knee 

ROM in the Contralateral limb between the shoe only at baseline and the shoe only 

condition at three months. Descriptive data of contralateral frontal plane knee angle 

results during walking are illustrated in figure 4-40 and table 4-45. 
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Figure 4-40: Contralateral frontal plane knee angle of the three conditions during walking. 

Table 4-45: Mean, (SD) Contralateral frontal plane knee angle during walking 

Type Shoe 

Base line 

Brace 

Three Months 

Shoe 

Three Months 

Maximum knee angle Y Mean (SD)(°) -0.28(4.27) 1.16(5.13) 1.29(5.28) 

Minimum knee angle Y Mean (SD)(°) -7.77(4.54) -5.43(4.45) -5.63(4.69) 

Knee ROM Y angle Mean (SD)(°) 7.50(2.82) 6.59 (2.21) 6.92(2.20) 

 

4.3.14.4 Hip angle (sagittal plane) 

There was no significant change (mean difference 2.93 Nm/kg, p=0.22) in the maximum 

of hip flexion angle in the Contralateral limb between the shoe only at baseline and after 

wearing the brace for three months in the brace condition. In addition, when not wearing 

the brace there was no significant change (mean difference 2.63 Nm/kg, p=0.31) in the 

maximum of hip flexion angle in the Contralateral limb between the shoe only at baseline 

and the shoe only condition at three months. 

There was no significant change (mean difference 4.67 Nm/kg, p=0.05) in the maximum 

hip extension angle in the Contralateral limb between the shoe only at baseline and after 

wearing the brace for three months in the brace condition. In addition, when not wearing 
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the brace there was no significant change (mean difference 4.11 Nm/kg, p=0.08) in the 

maximum hip extension angle in the Contralateral limb between the shoe only at baseline 

and the shoe only condition at three months. 

There was a significant decrease (mean difference 1.75 Nm/kg, p=0.03) in the hip ROM 

in the Contralateral limb between the shoe only at baseline and after wearing the brace 

for three months in the brace condition. However, when not wearing the brace there was 

no significant change (mean difference 1.48 Nm/kg, p=0.24) in the hip ROM in the 

Contralateral limb between the shoe only at baseline and the shoe only condition at three 

months. Descriptive data of contralateral sagittal plane hip angle results during walking 

are illustrated in figure 4-41 and table 4-46. 

 
Figure 4-41: Contralateral sagittal plane hip angle of the three conditions during walking. 

Table 4-46: Mean, (SD) Contralateral sagittal plane hip angle during walking 

Type Shoe 

Base line 

Brace 

Three Months 

Shoe 

Three Months 

Hip Flexion Mean (SD)(°) 26.04(11.78) 28.97(8.11) 28.67(10.12) 

Hip Extension Mean (SD)(°) -21.18(12.48) -16.51(10) -17.07(9.97) 

Hip ROM Mean (SD)(°) 47.22(4.63) 45.47(4.54) 45.74(4.62) 
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4.3.15 The kinematic results of the contralateral leg during ascending stairs  

4.3.15.1 Ankle angle (sagittal plane) 

There was no significant change (mean difference 0.65 Nm/kg, p=0.46) in the maximum 

of ankle dorsiflexion angle in the Contralateral limb between the shoe only at baseline 

and after wearing the brace for three months in the brace condition. In addition, when not 

wearing the brace there was no significant change (mean difference 0.39 Nm/kg, p=0.66) 

in the maximum of ankle dorsiflexion angle in the Contralateral limb between the shoe 

only at baseline and the shoe only condition at three months. 

There was a significant decrease (mean difference 2.87 Nm/kg, p=0.03) in the maximum 

ankle planter flexion angle in the Contralateral limb between the shoe only at baseline 

and after wearing the brace for three months in the brace condition. However, when not 

wearing the brace there was no significant change (mean difference 2.44 Nm/kg, p=0.05) 

in the maximum ankle planter flexion angle in the Contralateral limb between the shoe 

only at baseline and the shoe only condition at three months. 

There was no significant change (mean difference 2.22 Nm/kg, p=0.19) in the ankle 

ROM in the Contralateral limb between the shoe only at baseline and after wearing the 

brace for three months in the brace condition. In addition, when not wearing the brace 

there was no significant change (mean difference 2.05 Nm/kg, p=0.17) in the ankle ROM 

in the Contralateral limb between the shoe only at baseline and the shoe only condition at 

three months. Descriptive data of contralateral sagittal plane ankle angle results during 

ascending are illustrated in figure 4-42 and table 4-47. 
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Figure 4-42: Contralateral sagittal plane ankle angle of the three conditions during ascent. 

Table 4-47: Mean, (SD) Contralateral sagittal plane ankle angle during ascent. 

Type Shoe 

Base line 

Brace 

Three Months 

Shoe 

Three Months 

Ankle Dorsiflexion Mean (SD)(°) 27.25(2.99) 27.90(2.36) 27.64(3.10) 

Ankle Planter flexion Mean (SD) (°) -13.44(5.37) -10.57(5.09) -11(5.49) 

Ankle ROM Mean (SD) (°) 40.69 38.47 38.64 

 

4.3.15.2 Knee angle (sagittal plane) 

At initial, there was a significant increase (mean difference 4.52 Nm/kg, p=0.04) in the 

knee angle in the Contralateral limb between the shoe only at baseline and after wearing 

the brace for three months in the brace condition. However, when not wearing the brace 

there was no significant change (mean difference 3.99 Nm/kg, p=0.07) in the knee angle 

in the Contralateral limb between the shoe only at baseline and the shoe only condition at 

three months. 

At loading response, there was no significant change (mean difference 0.86 Nm/kg, 

p=0.46) in the maximum of knee angle in the Contralateral limb between the shoe only at 
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baseline and after wearing the brace for three months in the brace condition. In addition, 

when not wearing the brace there was no significant change (mean difference 0.94 

Nm/kg, p=0.42) in the maximum of knee angle in the Contralateral limb between the 

shoe only at baseline and the shoe only condition at three months. 

At mid stance stage, there was no significant change (mean difference 0.49 Nm/kg, 

p=0.70) in the minimum of knee angle in the Contralateral limb between the shoe only at 

baseline and after wearing the brace for three months in the brace condition. In addition, 

when not wearing the brace there was no significant change (mean difference 0.55 

Nm/kg, p=0.67) in the minimum of knee angle in the Contralateral limb between the shoe 

only at baseline and the shoe only condition at three months. 

At mid swing stage, there was no significant change (mean difference 1.61 Nm/kg, 

p=0.54) in the maximum of knee angle in the Contralateral limb between the shoe only at 

baseline and after wearing the brace for three months in the brace condition. In addition, 

when not wearing the brace there was no significant change (mean difference 1.11 

Nm/kg, p=0.58) in the maximum of knee angle in the Contralateral limb between the 

shoe only at baseline and the shoe only condition at three months.  

There was no significant change (mean difference 1.12 degree, p=0.54) in the sagittal 

knee ROM in the Contralateral limb between the shoe only at baseline and after wearing 

the brace for three months in the brace condition. In addition, when not wearing the brace 

there was no significant change (mean difference 0.56 degree, p=0.71) in the sagittal knee 

ROM in the Contralateral limb between the shoe only at baseline and the shoe only 

condition at three months. Descriptive data of contralateral sagittal plane knee angle 

results during ascending are illustrated in figure 4-43 and table 4-48. 
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Figure 4-43: Contralateral sagittal plane knee angle of the three conditions during ascent. 

Table 4-48: Mean, (SD) Contralateral sagittal plane knee angle during ascent. 

Type Shoe 

Base line 

Brace 

Three Months 

Shoe 

Three Months 

Initial contact Mean (SD)(°) 68.96(17.98) 73.47(16.34) 72.95(16.19) 

Loading response Mean (SD)(°) 73(15.10) 73.86(14.53) 73.94(14.34) 

Mid stance Mean (SD) (°) 15.15(6.14) 15.63(7.83) 15.69(6.90) 

Mid swing Mean (SD) (°) 71.41(12.05) 73.02(13.17) 72.52(12.76) 

Knee ROM X angle Mean (SD)(°) 56.26(10.18) 57.39(12.03) 56.83(11.36) 

 

4.3.15.3 Knee angle (frontal plane) 

There was no significant change (mean difference 1.68 Nm/kg, p=0.45) in the maximum 

of frontal knee angle in the Contralateral limb between the shoe only at baseline and after 

wearing the brace for three months in the brace condition. In addition, when not wearing 

the brace there was no significant change (mean difference 2.45 Nm/kg, p=0.31) in the 

maximum of frontal knee angle in the Contralateral limb between the shoe only at 

baseline and the shoe only condition at three months. 

There was no significant change (mean difference 1.57 Nm/kg, p=0.24) in the minimum 

of frontal knee angle in the Contralateral limb between the shoe only at baseline and after 
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wearing the brace for three months in the brace condition. In addition, when not wearing 

the brace there was no significant change (mean difference 2.14 Nm/kg, p=0.14) in the 

minimum of frontal knee angle in the Contralateral limb between the shoe only at 

baseline and the shoe only condition at three months. 

There was no significant change (mean difference 0.11 Nm/kg, p=0.95) in the frontal 

knee ROM in the Contralateral limb between the shoe only at baseline and after wearing 

the brace for three months in the brace condition. In addition, when not wearing the brace 

there was no significant change (mean difference 0.31 Nm/kg, p=0.88) in the frontal knee 

ROM in the Contralateral limb between the shoe only at baseline and the shoe only 

condition at three months. Descriptive data of contralateral frontal plane knee angle 

results during ascending are illustrated in figure 4-44 and table 4-49. 

 
Figure 4-44: Contralateral frontal plane knee angle of the three conditions during ascent. 

Table 4-49: Mean, (SD) Contralateral frontal plane knee angle during ascent. 

Type Shoe 

Base line 

Brace 

Three Months 

Shoe 

Three Months 

Maximum knee angle Y Mean (SD)(°) 7.47(6.56) 9.15(8.34) 9.92(8.49) 

Minimum knee angle Y Mean (SD)(°) -4.99(5.76) -3.43(5.03) -2.85(5.08) 

Knee ROM Y angle Mean (SD)(°) 12.47(5.28) 12.58(8.17) 12.77(8.66) 
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4.3.15.4 Hip angle (sagittal plane) 

There was no significant change (mean difference 1.50 Nm/kg, p=0.51) in the maximum 

of hip flexion angle in the Contralateral limb between the shoe only at baseline and after 

wearing the brace for three months in the brace condition. In addition, when not wearing 

the brace there was no significant change (mean difference 1.60 Nm/kg, p=0.50) in the 

maximum of hip flexion angle in the Contralateral limb between the shoe only at baseline 

and the shoe only condition at three months. 

There was no significant change (mean difference 1.15 Nm/kg, p=0.65) in the maximum 

hip extension angle in the Contralateral limb between the shoe only at baseline and after 

wearing the brace for three months in the brace condition. In addition, when not wearing 

the brace there was no significant change (mean difference 2.06 Nm/kg, p=0.41) in the 

maximum hip extension angle in the Contralateral limb between the shoe only at baseline 

and the shoe only condition at three months. 

There was no significant change (mean difference 0.06 Nm/kg, p=0.95) in the hip ROM 

in the Contralateral limb between the shoe only at baseline and after wearing the brace 

for three months in the brace condition. In addition, when not wearing the brace there 

was no significant change (mean difference 0.31 Nm/kg, p=0.72) in the hip ROM in the 

Contralateral limb between the shoe only at baseline and the shoe only condition at three 

months. Descriptive data of contralateral sagittal plane hip angle results during ascending 

are illustrated in figure 4-45 and table 4-50. 
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Figure 4-45: Contralateral sagittal plane hip angle of the three conditions during ascent. 

Table 4-50: Mean, (SD) Contralateral sagittal plane hip angle during ascent. 

Type Shoe 

Base line 

Brace 

Three Months 

Shoe 

Three Months 

Hip Flexion Mean (SD)(°) 57.34(10.35) 58.84(8.05) 58.94(7.03) 

Hip Extension Mean (SD)(°) 1.08(10.20) 2.23(8.42) 3.14(7.89) 

Hip ROM Mean (SD)(°) 55.49(2.43) 55.55(3.03) 55.18(2.82) 

 

4.3.16 The kinematic results of the contralateral leg during descending stairs 

4.3.16.1 Ankle angle (sagittal plane) 

There was no significant change (mean difference 1.21 Nm/kg, p=0.22) in the maximum 

of ankle dorsiflexion angle in the Contralateral limb between the shoe only at baseline 

and after wearing the brace for three months in the brace condition. In addition, when not 

wearing the brace there was no significant change (mean difference 0.51 Nm/kg, p=0.58) 

in the maximum of ankle dorsiflexion angle in the Contralateral limb between the shoe 

only at baseline and the shoe only condition at three months. 

There was no significant change (mean difference 0.60 Nm/kg, p=0.42) in the maximum 

ankle planter flexion angle in the Contralateral limb between the shoe only at baseline 



161 

and after wearing the brace for three months in the brace condition. In addition, when not 

wearing the brace there was no significant change (mean difference 0.82 Nm/kg, p=0.34) 

in the maximum ankle planter flexion angle in the Contralateral limb between the shoe 

only at baseline and the shoe only condition at three months. 

There was no significant change (mean difference 0.61 Nm/kg, p=0.54) in the ankle 

ROM in the Contralateral limb between the shoe only at baseline and after wearing the 

brace for three months in the brace condition. In addition, when not wearing the brace 

there was no significant change (mean difference 0.31 Nm/kg, p=0.77) in the ankle ROM 

in the Contralateral limb between the shoe only at baseline and the shoe only condition at 

three months. Descriptive data of contralateral sagittal plane ankle angle results during 

descending are illustrated in figure 4-46 and table 4-51. 

Figure 4-46: Contralateral sagittal plane ankle angle of the three conditions during descent. 

Table 4-51: Mean, (SD) Contralateral sagittal plane ankle angle during descent. 

Type Shoe 

Base line 

Brace 

Three Months 

Shoe 

Three Months 

Ankle Dorsiflexion Mean (SD)(°) 42.38(3.83) 43.59(4.76) 42.90(4.95) 

Ankle Planter flexion Mean (SD) (°) -18.27(4.11) -17.67(4.31) -17.45(4.46) 

Ankle ROM Mean (SD) (°) 60.65(6.09) 61.26(5.44) 60.34(5.95) 
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4.3.16.2 Knee angle (sagittal plane) 

At initial, there was no significant change (mean difference 2.24 Nm/kg, p=0.06) in the 

knee angle in the Contralateral limb between the shoe only at baseline and after wearing 

the brace for three months in the brace condition. In addition, when not wearing the brace 

there was no significant change (mean difference 2.37 Nm/kg, p=0.06) in the knee angle 

in the Contralateral limb between the shoe only at baseline and the shoe only condition at 

three months. 

At loading response, there was no significant change (mean difference 2.45 Nm/kg, 

p=0.05) in the maximum of knee angle in the Contralateral limb between the shoe only at 

baseline and after wearing the brace for three months in the brace condition. However, 

when not wearing the brace there was a significant increase (mean difference 3.13 

Nm/kg, p=0.02) in the maximum of knee angle in the Contralateral limb between the 

shoe only at baseline and the shoe only condition at three months. 

At mid stance stage, there was a significant decrease (mean difference 3.58 Nm/kg, 

p=0.00) in the minimum of knee angle in the Contralateral limb between the shoe only at 

baseline and after wearing the brace for three months in the brace condition. In addition, 

when not wearing the brace there was a significant decrease (mean difference 3.87 

Nm/kg, p=0.00) in the minimum of knee angle in the Contralateral limb between the shoe 

only at baseline and the shoe only condition at three months. 

At mid swing stage, there was no significant change (mean difference 2.74 Nm/kg, 

p=0.13) in the maximum of knee angle in the Contralateral limb between the shoe only at 

baseline and after wearing the brace for three months in the brace condition. In addition, 

when not wearing the brace there was no significant change (mean difference 2.71 

Nm/kg, p=0.06) in the maximum of knee angle in the Contralateral limb between the 

shoe only at baseline and the shoe only condition at three months.  

There was no significant change (mean difference 0.64 degree, p=0.65) in the sagittal 

knee ROM in the Contralateral limb between the shoe only at baseline and after wearing 

the brace for three months in the brace condition. In addition, when not wearing the brace 

there was no significant change (mean difference 0.78 degree, p=0.52) in the sagittal knee 
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ROM in the Contralateral limb between the shoe only at baseline and the shoe only 

condition at three months. Descriptive data of contralateral sagittal plane knee angle 

results during descending are illustrated in figure 4-47 and table 4-52. 

 
Figure 4-47: Contralateral sagittal plane knee angle of the three conditions during descent. 

Table 4-52: Mean, (SD) Contralateral sagittal plane knee angle during descent. 

Type Shoe 

Base line 

Brace 

Three Months 

Shoe 

Three Months 

Initial contact Mean (SD) (°) 10.60(4.79) 12.84(5.44) 12.97(6.01) 

Loading response Mean (SD) (°) 26.45(7.92) 28.90(7.90) 29.57(8.74) 

Mid stance Mean (SD) (°) 23.93(7.84) 27.51(7.72) 27.79(8.58) 

 Mid swing Mean (SD) (°) 99.90(8.55) 102.63(5.30) 102.61(5.86) 

Knee ROM X angle Mean (SD)(°) 90.43(7.90) 89.79(4.16) 89.64(5.88) 

 

4.3.16.3 Knee angle (frontal plane) 

There was no significant change (mean difference 2.67 Nm/kg, p=0.15) in the maximum 

of frontal knee angle in the Contralateral limb between the shoe only at baseline and after 

wearing the brace for three months in the brace condition. In addition, when not wearing 

the brace there was no significant change (mean difference 2.95 Nm/kg, p=0.12) in the 
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maximum of frontal knee angle in the Contralateral limb between the shoe only at 

baseline and the shoe only condition at three months. 

There was no significant change (mean difference 1.91 Nm/kg, p=0.27) in the minimum 

of frontal knee angle in the Contralateral limb between the shoe only at baseline and after 

wearing the brace for three months in the brace condition. In addition, when not wearing 

the brace there was no significant change (mean difference 2.03 Nm/kg, p=0.23) in the 

minimum of frontal knee angle in the Contralateral limb between the shoe only at 

baseline and the shoe only condition at three months. 

There was no significant change (mean difference 0.75 Nm/kg, p=0.69) in the frontal 

knee ROM in the Contralateral limb between the shoe only at baseline and after wearing 

the brace for three months in the brace condition. In addition, when not wearing the brace 

there was no significant change (mean difference 0.92 Nm/kg, p=0.63) in the frontal knee 

ROM in the Contralateral limb between the shoe only at baseline and the shoe only 

condition at three months. Descriptive data of contralateral frontal plane knee angle 

results during descending are illustrated in figure 4-48 and table 4-53. 
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Figure 4-48: Contralateral frontal plane knee angle of the three conditions during descent. 

Table 4-53: Mean, (SD) Contralateral frontal plane knee angle during descent. 

Type Shoe 

Base line 

Brace 

Three Months 

Shoe 

Three Months 

Maximum knee angle Y Mean (SD)(°) 3.96(3.89) 6.63(4.81) 6.91(5.17) 

Minimum knee angle Y Mean (SD)(°) -5.24(6.46) -3.32(4.97) -3.21(4.97) 

Knee ROM Y angle Mean (SD)(°) 9.20(4.68) 9.95(5.14) 10.12(4.89) 

 

4.3.16.4 Hip angle (sagittal plane) 

There was no significant change (mean difference 0.72 Nm/kg, p=0.81) in the maximum 

of hip flexion angle in the Contralateral limb between the shoe only at baseline and after 

wearing the brace for three months in the brace condition. In addition, when not wearing 

the brace there was no significant change (mean difference 2.20 Nm/kg, p=0.33) in the 

maximum of hip flexion angle in the Contralateral limb between the shoe only at baseline 

and the shoe only condition at three months. 

There was no significant change (mean difference 0.73 Nm/kg, p=0.81) in the maximum 

hip extension angle in the Contralateral limb between the shoe only at baseline and after 

wearing the brace for three months in the brace condition. In addition, when not wearing 
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the brace there was no significant change (mean difference 2.86 Nm/kg, p=0.31) in the 

maximum hip extension angle in the Contralateral limb between the shoe only at baseline 

and the shoe only condition at three months. 

There was no significant change (mean difference 0.01 Nm/kg, p=0.99) in the hip ROM 

in the Contralateral limb between the shoe only at baseline and after wearing the brace 

for three months in the brace condition. In addition, when not wearing the brace there 

was no significant change (mean difference 0.66 Nm/kg, p=0.50) in the hip ROM in the 

Contralateral limb between the shoe only at baseline and the shoe only condition at three 

months. Descriptive data of contralateral sagittal plane hip angle results during 

descending are illustrated in figure 4-49 and table 4-54. 

 
Figure 4-49: Contralateral sagittal plane hip angle of the three conditions during descent. 

Table 4-54: Mean, (SD) Contralateral sagittal plane hip angle during descent. 

Type Shoe 

Base line 

Brace 

Three Months 

Shoe 

Three Months 

Hip Flexion Mean (SD)(°) 32.31(12.43) 33.03(9.54) 34.51(9.17) 

Hip Extension Mean (SD)(°) 5.74(11.71) 6.20(9.86) 8.32(9.14) 

Hip ROM Mean (SD)(°) 26.84(4.03) 26.83(3.12) 126.18(4.02) 
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4.3.17 Observational outcome  

Patients were contacted by telephone at regular intervals biweekly to ensure that they 

were not having problems with the valgus knee brace and pain and comfort scores were 

collected.  

The mean average duration of wearing of the valgus knee brace was 6.67 (SD 1.54) hours 

whereby their self-reported pain was 3.2 (SD 0.56) out of five (5 no pain) and comfort 

was 3.4 (SD 0.51) out of five (5 very comfortable). 

 

4.4 Discussion  

4.4.1 Background of discussion 

The majority of the previous studies of valgus knee bracing have concentrated on the 

clinical effect over a short duration rather than tracking this over a period of time, such as 

three months as in this study. Additionally, no study has investigated multiple outcomes 

such as biomechanical (EKAM, KAAI and Knee angles), clinical (pain and function), and 

physiological (Muscle co-contraction and balance) during walking, ascending and 

descending stairs in the same valgus knee brace. This study was performed to both 

address these limitations from previous studies and to also add new novel data to the 

literature.  

 

4.4.2 Overview of the results 

A short summary of the results from the six week and the three month assessment will be 

presented before discussing these results. 

After six weeks of use 

After six weeks of wearing the valgus knee brace, the clinical and function outcomes 

significantly improved with the pain scores from the KOOS subscale increasing by 

58.54%, Symptoms scores from the KOOS subscale increasing by 24.06%, sport/rec 

scores from the KOOS subscale increasing by 59.33%, and quality of life scores from the 

KOOS subscale improving by 62.48% in comparison to the base line. However, the 
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activity of daily living subscale was the only one not significantly improved, even though 

an average increase of 17.88% at six weeks was found.  

After six weeks of wearing the valgus knee brace, dynamic balance, as one of the 

function outcomes assessed on the affected leg, significantly improved with the mean 

distance increasing by 7.67 cm in anterior direction and increasing by 6.98 cm at six 

weeks in the medial direction in comparison to the baseline.  

Muscle strength significantly improved with the knee isometric extensor muscles at 45˚/S 

increasing by 25.61% and knee concentric flexor muscles at 60˚/s by 38.50%. However, 

the knee isometric flexor muscles at 45˚/s and knee concentric extensor muscles at 60˚/s 

were not significantly improved, even though an average increase of 23.29% and 17.88%,  

respectively, in comparison to baseline. 

After three months of using the valgus knee brace 

After using the valgus knee brace for three months, there was no change in the external 

knee adduction moment or knee adduction angular impulse during walking or during 

ascending and descending stairs. There were however significant improvements in the 

clinical and function scores with the pain scores from the KOOS subscale increasing by 

75.13%, symptoms scores from the KOOS subscale increasing by 31.71%, sport/rec 

scores from the KOOS subscale increasing  by 77.73%, and quality of life scores from 

the KOOS subscale increasing by 87.48% in comparison to the baseline. However, 

activity of daily living subscale was the only one which was not significantly improved, 

even though an average increase of 29.44% at three months was found. Dynamic balance 

also improved significantly with the mean distance increasing by 9.47 cm in the anterior 

direction and increasing by 11.66 cm in the medial direction in comparison to the 

baseline. 

Muscle strength outcomes significantly improved with the knee isometric extensor 

muscles at 45˚/s increasing by 32.98%, the knee isometric flexor muscles at 45˚/s by 

29.72, knee concentric extensor muscles at 60˚/s by 29.44% and knee concentric flexor 

muscles at 60˚/s by 52.20% in comparison to the baseline. 
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After three months of wearing the valgus knee brace, there were significant changes in 

the muscle co-contraction in the vastus medialis and semitendinosus in the shoe only at 

baseline and brace at three months in the early and middle stage but not in the late stage. 

Significant changes in the vastus medialis and semitendinosus in the shoe only at baseline 

and at three months in the early stage but not in the middle and late stage; and in the 

vastus medialis and semitendinosus in the brace at baseline and at three months in the 

early and middle stage during walking. However, there were no significant changes in the 

muscle co-contraction in the vastus lateralis and biceps femoris during walking in shoe at 

baseline and brace and, shoe at three months. 

There were significant changes in the muscle co-contraction in the vastus medialis and 

semitendinosus during ascending and descending stairs in the shoe only at baseline and 

brace and, shoe at three months and in the vastus lateralis and biceps femoris during 

ascending and descending stairs in shoe at baseline and brace and, shoe at three months. 

4.4.3 Comparison to previous literature  

Fifteen patients with unilateral medial knee OA participated in this study which is similar 

to previous  studies  (Gaasbeek et.al, 2002) whereby the population had a BMI  of  29.90 

kg/m
2
 in comparison to an average of 34.1 ± 4.9 kg/m

2
 (Draganich et.al.2006). This BMI 

is slightly less than the previous literature but does show that the sample in this study was 

in the overweight category which is not dissimilar to previous knee OA research. One of 

the primary outcome measures in this study was the external knee adduction moment as 

this surrogate of knee loading is one of the most important measures to identify the 

progression of medial knee OA (Miyazaki et al., 2002).  Hypothesis one was examining 

whether there were any significant differences in the external knee adduction moment 

between the baselines and after three months use of the valgus knee brace and in order for 

comparisons to the literature to be made, it appears sensible to compare the baseline 

values of the individuals in this study. The external knee adduction moment values 

reported in this study (2.65 % bodyweight * height) are similar to previous studies on 

medial OA participants (Sharma et al., 1998; Hurwitz et al., 2000). Therefore, we can 

demonstrate that our sample is indicative of typical medial knee OA individuals. 
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The hypotheses which were presented at the end of chapter 2 will now be examined as 

well as the gait and user observations that were collected alongside the trial. 

4.4.4 Hypotheses  

4.4.4.1 Knee loading  

Hypothesis 1a: Medial knee loading is reduced with a valgus knee brace and it is 

reduced more after 3 months of use than immediately. 

Hypothesis 1b: In brace users, medial knee loading is reduced after 3 months of use, 

even with the brace not worn. 

The results of this study showed the external knee adduction moment during walking did 

not significantly improve on the affected leg after wearing the brace over a period of 

three months in comparison to the shoe only and the brace at baseline. The first peak of 

the EKAM reduced by 5.03% in comparison to the shoe only at baseline as a treatment 

effect, and by 2.67% in comparison to the brace at baseline as functional assessment for a 

valgus knee brace and by 4.49% between the shoe only at baseline and at three months as 

residual effect during walking. Additionally, the results of this study showed that after 

wearing the brace for three months the second peak of EKAM reduced by 3.81% in 

comparison to the shoe only at baseline as treatment effect, by 3.54% in comparison to 

the brace at baseline as functional assessment for a valgus knee brace and by 9.4% 

between the shoe only at baseline and at three months as residual effect during walking. 

The results of this study therefore have showed that knee loading is reduced but not 

statistically significantly and is in agreement with Brouwer et al., (2006) who reported 

that a brace intended to decrease load shows small effects in patients with 

unicompartmental OA. Additionally, Pollo et al., (2002), did not find a reduction in the 

maximum external varus knee moment for the unbraced and normal mode of use 

conditions, even though a reduction in the load of the medial compartment of the knee 

(using an analytical approach) was observed in the brace condition. These results in this 

study agree with the study performed by Hewett et al, (1998) who reported that the peak 

knee adduction moments were statistically unchanged (although a small reduction was 

seen) by wearing a Bledsoe brace system during walking.  
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Different percentage of reductions of peak EKAM (up to 19%) have been reported from 

previous studies (Lindenfeld et al., 1997; Self et al., 2000; Pollo et al. 2002; Fantini 

Pagani et al., 2010; Kutzner et al., 2011) when walking with a valgus knee brace 

depending on the type of the brace and the degree of valgus position (4°- 8°). In our study 

the dynamic force strap was set to number 5 out of 10 and this setting was recommended 

by the company due to many people finding that this average setting of 5 will provide 

adequate pain relief. However, in the study by Pollo et al., (2002) they reported that 

increasing the strap tension did not have as great an effect as increasing the valgus 

angulation. Therefore, with a higher degree of valgus angulations of the brace will lead to 

higher load reduction in the medial compartment. Strap tension of a valgus brace 

different in patients who had slight or no change in adduction moment and strap could 

not be tightened sufficiently to provide any significant unloading effect (Lindenfeld et al., 

1997). This brings into question the brace that was used in this study as whilst it was 

aesthetic, the amount of correction that this could apply may have been limited by both 

the dynamic force strap and also the rigidity of the brace. 

However, our results are in contrast to the majority of  previous studies who have showed 

an improvement in the mean varus moment (Otis et al., 1996; Self et al., 2000;  Pollo et 

al., 2002; Gaasbeek et al., 2007) and in the mean knee adduction moment (Lindenfeld et 

al., 1997; Draganich et al., 2006; Gaasbeek et al., 2007; Fantini Pagani et al., 2010; 

Toriyama et al., 2010; Karimi et al., 2012; Deie et al., 2013) in different treatment 

periods of wearing the brace up to 8 weeks and in different types of the brace. 

Draganich et al., (2006) compared two valgus knee braces and found the average peak 

adduction moment was significantly decreased with the custom brace (5.9% ± 2.0%) 

compared with the baseline value (6.9% ± 1.9%), but it was not significantly decreased 

with the off-the-shelf brace (6.6% ± 2.2%) during walking. Additionally, the average 

peak adduction moment was significantly decreased from baseline (6.9% ± 2.3%) with 

the custom brace (5.2% ± 2.5%), but it was not significantly reduced with the off-the 

shelf brace (6.3% ± 2.2%) during stair-stepping. The custom brace significantly 

decreased varus angulation of the knee by 1.3° compared with the off-the-shelf brace by 

1.5° compared with baseline. The custom brace was more effective than the off-the-shelf 
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brace due to the custom brace fit the limb better, and this then allowed the custom brace 

to keep higher levels of valgus loading of the knee in the patients during walking and 

stepping stairs. This also gives some insight into the reasons why we did not see a 

reduction as the brace which we used was an off-the-shelf brace and this may not have 

been an exact fit for the patient to maintain the higher levels of valgus loading. 

However, we did find some agreement with the previous studies if we looked in depth at 

the individual patient changes. After three months of wearing of the brace, the 1
st
 peak of 

EKAM was decreased in eleven patients out of fifteen during walking by 11.00% 

compared to the shoe only and this percentage of reduction is concurrent with a study 

was done by Toriyama et al., (2010) found a reduction of the EKAM was 11.1% that 

used the same type of brace was using in our study. In this study, 19 patients were 

assessed so a slightly larger sample size was seen. They do not however give details on 

the variable response to the valgus knee braces and the baseline EKAM values were 

higher than in the current study. This could mean that the individuals were in a higher 

varus angulation than the previous study which allowed the brace valgus moment to have 

a desired effect.  

An interesting finding was that the 1
st
 peak of EKAM was decreased in nine patients by 

16.21% out of fifteen patients between the shoe only at baseline and at three months. 

There are no other studies which have assessed the effect on walking (without no 

intervention being worn) after wearing a valgus knee brace for an intervention period. 

This would give some indication to the carry-over effect or residual effect that the valgus 

knee brace is having on the individual. It may be plausible that with longer-term studies 

of valgus knee braces that functional changes occur in the affected limb and may aid the 

limb even without wearing the valgus knee brace. However, one needs to be mindful that 

the assessment was conducted very shortly after wearing the valgus knee brace and it 

may be that these residual effects would not be maintained. If these residual effects are 

seen, it is likely that the increases in muscle strength and decreases in muscle co-

contraction could be possible reasons. This would mean that the support given by the 

valgus knee brace allows the limb to be better mechanically aligned in regards to the 

EKAM but this would need further research to understand if this was the case. 



173 

There was no significant change in the vertical ground reaction force (GRF) at early, 

mid-, and late stance phase in all conditions during walking. These results of this study is 

the same as the results of the research undertaken by (Schmaltz et al. 2011, Karimi et al., 

2012) showed no significant change in the GRF with brace during walking. However, the 

ground reaction forces on the affected side showed a significant increase during loading 

and push-off (Richards et al., 2005). 

As this is the first study that has investigated ascending and descending stairs, the results 

showed that the external knee adduction moment also did not significantly reduce on the 

affected leg after wearing the brace over a period of three months. As with walking, there 

was a variable response with eight out of 15 patients reducing their EKAM after three 

months. This was similar in descending with seven out of 15 noting a significant 

reduction. No previous studies are available to compare with the results of this study 

during ascending and descending stairs by using a valgus knee brace. On a similar 

mechanical intervention (using a lateral wedge insole), Alshawabka et al. (2014), 

reported that the first peak of EKAM reduced significantly during ascending by 6.8% 

and, descending by 8.4% in all patients in this study. However, there were only eight 

patients in this study and it may be that with a larger sample size that this consistent 

reduction would not be seen. This non reduction during ascending and descending stairs 

may have been due to strap tension of the brace which may not have been enough 

because the moment at the knee joint is higher during ascending and descending stairs, 

with both moments higher than compared with walking on the level ground (Andriacchi 

et al. 1980). In addition, the GRF increased in both in ascending and descending after 

three months in compared to baseline which is likely to be due to the pain adaptations 

with the knee supported by the brace which potentially gave the individuals more 

confidence to ascend and descend stairs with less pain. 

The knee adduction angular impulse (KAAI) is another assessment used to measure the 

load on the medial compartment during the whole of stance phase (Thorp et al., 2006).  

There was no significant change in the KAAI during walking. The result of this study 

showed after wearing the brace for three months the KAAI reduced by 13.26% in 

comparison to the shoe only at baseline as a treatment effect, by 12.48% in comparison to 
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the brace at baseline as functional assessment for a valgus knee brace and by 13.14 % 

between the shoe only at baseline and at three months as residual effect during walking. 

There was also no significant change in the KAAI during ascending and descending 

stairs. During ascending, the results of this study showed after wearing the brace for three 

months, the KAAI reduced by 23.68% in comparison to the shoe only at baseline as a 

treatment effect, by 9.61% in comparison to the brace at baseline as functional 

assessment for a valgus knee brace and by 6.96 % between the shoe only at baseline and 

at three months as residual effect. In addition, during descending, the results of this study 

showed after wearing the brace for three months the KAAI reduced by 17.35% in 

comparison to the shoe only at baseline as a treatment effect, by 0.58% in comparison to 

the brace at baseline as functional assessment for a valgus knee brace and by 6.34 % 

between the shoe only at baseline and at three months as residual effect during 

descending. 

No previous studies are available to compare with the results of this study during 

ascending and descending stairs by using a valgus knee brace, other than other 

mechanical interventions as previously discussed (Alshawabka et al., 2014) who also 

found a significant reduction in KAAI. This demonstrates that there is a further need to 

examine valgus knee braces in activities other than walking as the literature is lacking to 

make justified conclusions if these devices help during these activities.  

As it has been there were small but non-significant reductions in EKAM during walking 

and ascending and KAAI during walking, ascending and descending. In understanding 

why there was no significant change in EKAM or KAAI with the valgus knee brace a few 

potential confounders may help us to explain this. These are namely the application of the 

valgus knee brace itself (fitting of the brace), the type of brace (custom, off the shelf, 

unloader valgus brace), the degree of valgus position 4°- 8° (Lindenfeld et al., 1997; Self 

et al., 2000; Pollo et al., 2002; Fantini Pagani et al., 2010), and the factors that influence 

the calculation of the EKAM, namely the ground reaction force.   

The valgus knee brace which was used was an off-the-shelf version and one potential 

confounder is that if individuals had excessive soft tissue on the thigh and the shank it 
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would not allow the brace to reduce the loading as the direct applying force would be on 

the soft tissue rather than altering the alignment in the bony structures (Dennis et al., 

2006). This could have been further improved with the use of a custom valgus knee brace 

but the difference in cost (350-650) is significant and cannot be ignored. As previously 

mentioned, the dynamic force strap was set to the same level in all patients, based on the 

recommendation from the company representative, and this could have affected the 

results as individuals may not have felt enough force was being applied. The use of the 

custom knee brace is also another solution for this or to allow the individuals to choose 

the level of force they were comfortable with and instruct them that they could change 

this if they felt they were not getting the benefit. However, given the clinical changes 

seen in the patient group, this does not appear to be the case from a pain perspective and 

the low changes in loading may have been beneficial for them. There is also evidence 

from previous literature (Trepczynski et al., 2014) that the EKAM may not represent the 

true loading in the knee joint and that changes in muscle co-contraction need to be 

understood, as these are likely to reduce medial compartmental load. 

The EKAM is the turning effect due to the resultant ground reaction force acting on the 

foot as it passes medial to the centre of the knee joint. The product of this force with this 

lever arm produces a moment tending to adduct the knee joint (Kim et al., 2004). The 

vertical GRF would increase with the speed increase thus the EKAM will increase 

(Mündermann et al., 2004). So, any change in the vertical GRF consequently may result 

in a change in EKAM (Yu et al., 1997b). In this study, the vertical GRF increased 

significantly during ascending and descending stairs with stance times decreasing 

significantly, so this is a potential reason why EKAM showed no significant differences 

among the test conditions. We chose not to standardise speed ascending and descending 

the stairs as we wanted to understand the true effect of valgus knee braces on the 

individual and any changes in speed would reflect functional limitation or improvement. 

These increases in  vertical GRF could  be due to the clinical (pain reduction) and 

physiological changes (increased strength and reduced muscle co-contraction) that 

occurred during the study as these patients may have felt more confident in the brace and 

thus loaded the joint more in terms of vertical GRF.  
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There was no significant change in the vertical ground reaction force (GRF) at early, mid, 

and late in all condition during ascending but there was a significant increase at late stage 

between the shoe only at baseline and brace at three months. To our knowledge, there 

was no previous study before to compare our results with and this increase in GRF at the 

late stage could be happening due to a need to stabilise the knee, increased muscle 

strength, relived pain and decreased muscle co-contraction by brace, all these factor gave 

the patent to toe off with maximum power . 

There was a significant change in the vertical ground reaction force (GRF) at early stage 

in all conditions and at late stage between the shoe only at baseline and brace at three 

months during descending. To our knowledge, there was no previous study was done 

before on valgus knee brace during descending to compared with our results and this 

increasing in GRF at late stage could be happen this happen due to stabilizing the knee, 

increased muscle strength, relived pain and decreased muscle co-contraction by brace, all 

these factor gave the patient to step down with more confidence at early stage and toe off 

with maximum power at late stage. 

In summary, the valgus knee brace used in this study did not have the perceived 

reductions in knee loading that were hypothesised and whilst the reasons aforementioned 

may be indicators, it could have simply been that some individuals did not adhere to the 

valgus knee brace as well as others. The observational outcome scores do not highlight 

this but given that these follow-up calls were made to ensure they were not having any 

problems with the brace, exact wear details should be taken with caution. There is 

obviously the fact that only 15 individuals were used in this study and whilst the sample 

size can be criticised, previous research with similar and smaller numbers have found 

significant decreases in knee loading.  

Therefore in conclusion, both hypotheses are rejected because there was no 

significant change in knee loading after 3 months of use, and not when assessed with 

the brace not worn during walking and ascending and descending stairs. 
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4.4.4.2 Pain 

Hypothesis 2: Pain in the affected knee is reduced when using a valgus knee brace. 

Valgus knee braces apply three-point-pressure to arthritic knees via the use of an external 

corrective force to the knee (Reeves, & Bowling, 2011) and theoretically give pain 

release by decreasing the load on the medial compartment through the application of an 

opposing external valgus moment about the knee.  

The effect of the valgus knee brace on reducing the pain based on the KOOS pain 

subscale was obvious with a 58.54% reduction at six weeks and 75.13% reduction at 

three months in comparison to the baseline and is in agreement with previous studies that 

found improvements in pain immediately (Komistek, et al., 1999; Pollo et al., 2002; 

Dennis et al., 2006), after 2 weeks (Otis et al., 1996; Ramsey et al., 2007), after 4 weeks 

(Draganich  et al., 2006; Schmalz et al., 2010), after six weeks (Lindenfeld et al., 1997; 

Gaasbeek et al., 2007), after nine weeks ( Hewett et al., 1998), after three months (Draper 

et al., 2000; Finger and Paulos, 2002; Brouwer et al.,  2006), after six months (Kirkley et 

al., 1999; Richards et al., 2005; Brouwer et al.,  2006; Hurley et al., 2012), after 12 

months (Matsuno et al., 1997; Hewett et al., 1998; Brouwer et al.,  2006;  Deie et al., 

2013), after an average of 2.7 years (Wilson et al., 2011), and after an average of 3.3 

years (Giori, 2004).  

A significant improvement from baseline as a result of valgus knee brace was seen for 

symptoms, sports, and recreation and for quality of life. These results are in agreement 

with a study by Ramsey et al., (2007) that used the KOOS as outcome measurement over 

a period of two weeks. Ramsey et al., (2007) found a significant improvement from 

baseline for the scores for sports and recreation as a result of both bracing conditions 

demonstrated (neutral setting and for valgus setting), and for quality of life for the neutral 

and these results agree with our results where we showed sport/rec and quality of life 

subscales significantly improved at six weeks and at three months in comparison to the 

baseline, respectively. 

Furthermore, Finger and Paulos, (2002), found pain was decreased by 50% by using 

visual analogue scale (VAS) at three months after wearing the OAdjuster brace and this 
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result concurs with our study after three months although our results showed the pain 

reduction to be higher. Matsuno et al., (1997) found that 19 patients of 20 showed pain 

relief at 12 months and that knee pain scores had improved during walking by 19.44% 

and during ascending and descending increased from by 23.43% according to the Japan 

Orthopaedic Association’s knee scoring system (JOA) when using custom off-loader 

brace as treatment and the results of this study showed less of pain reduction in 

comparing to our results showed all 15 patients recorded pain relief 

Previous studies have suggested that by stabilizing the knee mechanically, less muscle 

activity is necessary and is part of the pain relief mechanism (Lindenfeld et al., 1997; 

Richards et al., 2005; Brouwer et al., 2006; Kirkley et al., 1999, Ramsey et al., 2007). 

Additionally, when the brace surrounds the knee joint, it can play a role in providing the 

joint support, heat, and enhanced proprioception (Birmingham et al., 2001) and reducing 

muscle co-contraction (Ramsey et al., 2007; Fantini Pagani et al., 2013). Pain relief might 

result from reduced muscle co-contractions rather than from so-called medial 

compartment unloading (Ramsey et al., 2007). Our results of this study showed the 

valgus knee brace was stabilizing the knee joint as we saw an increase in muscle strength, 

improved dynamic balance will lead to enhanced proprioception and function, and 

decreased muscles co-contraction, thus giving positive results will lead to the relief of the 

pain the individual is reporting. However, as previously discussed, this may actually have 

a negative effect on joint loading in terms of EKAM as no significant reduction was seen, 

however, with muscle co-contraction reducing and potentially having an effect on pain; it 

may be that actual compartment loads are reduced. 

Therefore, this hypothesis was accepted as pain is significantly reduced in the 

affected knee when using a valgus knee brace. 
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4.4.4.3 Muscle strength and function 

Hypothesis 3: Muscle strength is increased in the affected knee when using a valgus 

knee brace. 

One of the undocumented opinions that are routinely stated is that valgus knee braces 

reduce the muscle strength around the knee joint as they are taking the strain from the 

affected knee and therefore the strength is not needed. This was suggested in the study by 

Risberg et al., (1999) who found significant increases in thigh atrophy with functional 

knee bracing over a period of three months where both the quadriceps and hamstring 

muscle reaction times were decreased by the different knee braces on the medial and 

lateral aspects of the knee joint. However, the results of this study disagree with this 

statement and previous research as significant improvements in muscle strength were 

found after using the valgus knee brace for three months. An improvement of 29.44% in 

knee extensors and 52.20% in knee flexors at 60˚/s and of 32.98% in extensors and 

29.72% in flexors at 45˚/s were observed over a period of three months. These results 

agree with the only previous literature by Matsumo et al., (1997) who also found 

improvements in isokinetic knee extensor torque (quadriceps muscle strength) which was 

increased from an average of 36.8Nm to 42.8Nm by 16.30% for all patients after wearing 

the Generation II (G II) over a period of 12 months. However, our results do appear to be 

slightly larger which may be due to the shorter duration of the current trial in that the 

individuals adhered to the brace whereas over 12 months adherence would have been 

varied. 

In the study by Hurley et al., (2012) using a valgus unloader brace, they found increases 

in quadriceps and hamstrings muscle strength measures between baseline visit and 6-

month follow-up ; however, only the hamstrings torque increased significantly for the 

knee flexion at 15° Maximum Voluntary Isometric Contraction exercise and these 

improvement in muscle strength trended toward improvements in WOMAC function.  

In identifying potential reasons for the increased muscle strength found in our study in 

comparison to previous literature could be due to a better mechanical stabilization of the 

knee. This would therefore mean that the individual has decreased pain and reducing 
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muscle co-contraction which would improve activities of daily living and function. 

Overall, taking all of these into account it would allow the knee to generate more power 

with the antalgic pain response reduced and therefore would increase muscle strength. 

Balance and strength are two components of physical function. Greater knee and ankle 

muscular strength is linked with improved balance. Patients with knee OA have shown 

decreases in quadriceps strength and activation (Wessel, 1996; Fisher and Pendergast 

1997; Hurley et al., 1997; O’Reilly et al., 1998) and impairments in knee joint 

proprioception. These deficits (Fisher and Pendergast, 1997; Pai et al., 1997; Sharma 

et.al., 1997) are associated with the ageing process and/or proprioception impairments 

and might lead to larger impairments in balance compared with age matched healthy 

group (Hassan et al., 2001; Hinman et al., 2002; Slemenda et al., 1997; Koceja et al., 

1999; Lin et al., 2009). Both static and dynamic balance deficits have been found in knee 

OA patients but dynamic balance was more affected (Wegener et al., 1997; Hinman et al., 

2002).  

Dynamic balance was improved significantly by 13.19% at six weeks and 16.32% in 

anterior direction and by 12.42% at six weeks and 20.74% in medial direction. The 

balance improved in both direction but at three months showed better results which infers 

that the hip abductor muscle coordination improved better.  

These changes in dynamic balance concur with a study undertaken by Chuang et al., 

(2007) used a balance system machine (KAT 2000; Breg Inc., Vista, CA, USA) for 

quantifying motor performance of the lower extremities. The tests were carried out on 

barefoot patient and were asked to stand with their body central line perpendicular to the 

floor and slightly widen their legs so that their feet were aligned with their shoulders. 

Subjects were tested with knee flexed at approximately 10° and with their arms across 

their chest. For the static balance test, the subjects were instructed to keep the platform as 

level as possible for about 30 seconds. For the dynamic balance test, the subjects had to 

move the platform in a circular direction while chasing a moving object on a computer 

screen for about 30 seconds. All subjects finished three consecutive balance trials in both 

static and dynamic conditions on the platform. By viewing the monitor, subjects could 

judge their balance function. They did their best to keep their center of gravity in the 
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referred position. The test was done with and without wearing knee sleeves. They found 

the knee OA patients wearing knee sleeves could experience increased balance ability in 

both static and dynamic conditions. The improvement might prevent knee OA patients 

from falling down and increase their sense of security during physical activities. Who 

showed that medial compartment knee OA patients wearing knee sleeves could 

experience increased balance ability in both static and dynamic conditions.  

In knee OA research, Dynamic balance was has routinely been assessed by using 

expensive (force platform) (Hurley et al., 1997; Wegener et al., 1997; Hassan et al., 

2001), and non-expensive measures (step test) (Hinman et al., 2002; Hinman et al., 2007; 

Lim et al., 2008). A new measure which has previously been used in deficient ligament 

studies, namely the Star Excursion Balance Test (SEBT) is another inexpensive and 

quick method of assessing dynamic balance, with good reliability shown (Hertel et al., 

2000; Kinzey and Armstrong, 1998, Al-Khlaifat, 2012). 

No other studies have assessed dynamic balance using the SEBT so it is difficult to draw 

definitive comparisons. However, in a previous study on exercise interventions Al-

Khlaifat (2012) also demonstrated significant improvements on dynamic balance in 

anterior and medial direction showing that a valgus knee brace potentially could have 

similar effects on balance as an exercise intervention programme. However, this would 

need to be further explored in comparative studies. One aspect in increasing dynamic 

balance is that this could benefit individuals with knee OA patients from falling down 

and would help to enhance their sense of safety during daily living activities. 

Previous studies have assessed function with the use of qualitative questionnaires 

(Lindenfeld et al., 1997; Matsuno et al., 1997; Hewett et al., 1998; Kirkley et al., 1999; 

Draper et al., 2000; Pollo et al., 2002; Giori, 2004;  Richards et al., 2005; Draganich  et 

al., 2006; Brouwer et al., 2006; Gaasbeek et al., 2007; Ramsey  et al., 2007;  Ramsey and 

Russell 2009; Wilson et al., 2011; Hurley et al., 2012; Larsen et al., 2013) and have found 

improvements in physical function. For example, Draper et al., (2000) and Richards et 

al., (2005) both found significant improvements in functional scores after wearing a 

valgus knee brace and noted that this would improve the confidence on the affected side 

increasing the vertical ground reaction forces as was described earlier.  
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In our study, the KOOS sub score showed significant improved in QOL by 62.48%, and 

in sport/rec by 78.50% but not significantly improved in ADL even though an average 

increased by 31.12% at three months which could infer that the overall  function of the 

individual is improved. 

However, our results do disagree from the perspective of off-the-shelf valgus knee brace 

research as Draganich et al., (2006) found that the off-the-shelf brace used in their study 

did not alter physical function scores although a different intervention period was used 

and a different brace. Therefore, definitive comparisons cannot really be made. 

In summary, the valgus knee brace significantly increased muscle strength and associated 

dynamic balance and function scores after both six weeks and 3 months which we 

perceive to be important aspects in the overall disease process of the individual with 

medial knee OA. 

Therefore, this hypothesis was accepted as the muscle strength and function were 

significantly improved in the affected knee over a period of 3 months using a valgus 

knee brace. 

 

4.4.4.4 Muscle co-contraction 

Hypothesis 4: Muscle co-contraction patterns are reduced after wearing a valgus 

knee brace. 

Muscle co-contraction has been found to be increased in individuals with medial knee 

OA (Childs et al., 2004; Lewek et al., 2004; Hubley-Kozey et al., 2006) and has been 

thought to increase medial compartment loads (Trepczynski et al., 2014), so reducing this 

co-contraction could be perceived as a sensible option. The results of this study showed 

that the muscle co-contraction between Vastus medialis and Semitendinosus decreased 

significantly after using the valgus knee brace for three months and this was found whilst 

wearing the brace and not wearing the brace. The reductions in co-contraction were most 

evident during the periods where knee loading and peak EKAM are at their highest 

during walking. This is in agreement with previous literature (Ramsey et al., 2007; 

Fantini Pagani et al., 2013). Fantini Pagani et al., (2013) found that vastus medialis (VM) 
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/ medial hamstring (MH) muscle co-contraction decreased significantly by 10.4% and 

19.6% for the valgus 4° and flexible adjustments, respectively compared to baseline. In 

addition, our results concur with Ramsey et al., (2007) who found the co-contraction of 

the vastus medialis-medial hamstrings was significantly reduced with the valgus setting, 

as a result of bracing after two weeks. Although the significant reductions presented here 

are greater (30.56% at early stage, 30.76% at middle stage and 23.07% at late stage 

between the shoe only and the brace at three months) and are likely due to the longer 

duration of wear as the previous studies assessed muscle co-contraction immediately 

(Fantini Pagani et al., 2013) and after only two weeks (Ramsey et al., 2007). This 

demonstrates that the valgus knee brace is allowing better coordination of the knee 

muscles which with the increased strength will help to provide an increased function.  

There was a reduction, but not significant, in the muscle co-contraction between Vastus 

lateralis and Biceps femoris in all conditions of the study at early and middle stage. 

However no reduction was observed in the muscle co-contraction at late stage but rather 

an increase of 63.63% and 54.55% between the shoe only at base line and brace and the 

shoe only at three months, respectively, and by 20% between the brace at baseline and at 

three months was observed between Vastus lateralis and Biceps femoris at late stage. At 

the early stage, the muscle co-contraction between Vastus lateralis and Biceps femoris 

was decreased by 35.85% and 32.08% between the shoe only at baseline and the brace at 

three months and in comparison to the brace at baseline, and by 35.58% between the shoe 

only condition at baseline and three months. This does show that after wearing the brace 

for a period of time the muscle co-contraction will reduce further and there appears to be 

a residual effect which is evident without the brace being worn. This is important for 

future designed studies whereby longer intervention periods are suggested. At the middle 

stage, the muscle co-contraction between Vastus lateralis and Biceps femoris was 

decreased by 22.72%, 27.27% and 4.55% between the shoe only at baseline and the brace 

at three months, the brace at baseline and three months, and the shoe only at baseline and 

three months respectively. These results showed  a reduction in the muscle co-contraction 

between Vastus lateralis and Biceps femoris but not significant and these results disagree 

with Fantini Pagani et al., (2010) who found a significant decrease of 5.9% and 16.8% for 

the vastus lateralis (VL) / lateral hamstring (LH) were observed with the valgus 4° and 
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flexible adjustments, respectively, compared to baseline immediately. In addition, these 

results also disagree with Ramsey et al., (2007) who reported that the co-contraction of 

the vastus lateralis- / lateral hamstrings was significantly reduced from baseline in both 

without and with valgus setting. However, both of these studies only assessed the average 

co-contraction during stance and not in specific period. 

The ratio of VL-BF average co-contraction was higher than that of VM-ST in early and 

mid-stance during walking and ascending and descending stairs. This is in agreement 

with previous studies reporting higher ratios of VL-BF average co-contraction than that 

of VM-ST in early-stance (Andriacchi, 1994; Ramsey et al., 2007; Hubley-Kozey et al., 

2009) and mid-stance (Schmitt and Rudolph, 2007) during walking. The internal 

moments are very important on the lateral side to provide a valgus resistance against a 

varus position in the knee joint that occurs where the EKAM attempts to move the knee 

joint in this position. Therefore, the co-contraction between agonist and antagonist 

muscles stabilize the joint (Schipplein and Andriacchi, 1991), while the activity of the 

agonist muscles alone is not sufficient enough to resist the EKAM. Decreasing average 

co-contraction between VL-BF during ascending and descending might propose a 

decrease in the internal moment resisting the external moment by the EKAM, although 

the EKAM did not change significantly. Furthermore, the increases co-contraction 

corresponds to a more generalised muscle activity, whereas lower co-contraction 

indicated more selective activation (Rudolph et al., 2000). Decreasing average co-

contraction between VL-BF during ascending and descending might be a factor in 

reduction in pain and increase in strength, function, and balance. Additionally, when the 

brace surrounds the knee joint, it can play a role in providing the support, heat, and 

enhanced proprioception (Birmingham et al., 2001) and reducing muscle co-contraction 

(Ramsey et al., 2007; Fantini Pagani et al., 2013). Average co-contraction between VL-

BF showed a reduction but not statistically significant during walking after wearing the 

brace three months. This might be due to the fact that co-contraction between VL-BF is 

not significantly different in individuals with OA and healthy which means that a smaller 

magnitude is evident which could be harder to reduce further. 
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The results of this study showed the muscle co-contraction between Vastus medialis and 

Semitendinosus and between Vastus lateralis and Biceps femoris decreased significantly 

between the shoe only at baseline and brace and, shoe at three months and brace at three 

months in single support during ascending and descending stairs. It is also decreased 

significantly between brace at baseline and three months in single support during 

ascending and descending stairs. There are no studies that have been previously 

performed on muscle co-contraction during ascending and descending but as greater 

flexion angles are noted with this activity, this is potentially one of the reasons why co-

contraction is reduced significantly in both of these muscles compared to walking.  

Fantini Pagani et al., (2012) supports the theory that valgus knee braces decrease knee 

loading by reducing muscle activation and co-contraction levels, which could lead to 

slow progression of the disease in patients with knee osteoarthritis. Our results showed a 

small reduction of EKAM in both walking and ascending and descending stairs, with 

reduced muscle co-contraction and this may be beneficial on the total knee joint 

compartmental loads (Trepczynski et al., 2014). The combination of a reduced EKAM 

and reduced muscle co-contraction is proposed by Trepczynski et al., (2014) to reduce 

medial compartment loads so whilst we did not show a significant change in EKAM, in-

vivo compartment loads may be reduced which potentially relate to the clinical findings 

reported. Ramsey et al., (2007), reported the changes in muscle activation with the use of 

valgus knee braces is based on the mechanical stabilization of the knee by the brace, 

reducing the perception of knee instability and thus, decreasing muscle co-contraction. In 

addition, this mechanism could act in combination with the mechanical mechanisms of 

load reduction induced by the three-point bending system of valgus braces (Fantini 

Pagani et al., 2013). Even though increased co-contraction has been suggested to be a 

protective mechanism to reduce the load on the medial compartment knee OA, it has also 

been suggested that at the same time it exposes the joint to extra compressive forces 

(Lewek et al., 2004). One of the reasons for the increased muscle co-contraction around 

the knee joint could be due to instability as medial knee joint laxity was significantly 

greater in the OA participants groups compared to healthy participants (Lewek et al., 

2004; Schmitt and Rudolph, 2007) and weakness of the quadriceps (Rudolph, 2007). Our 

results showed an increase in quadriceps muscle strength, thus decreasing the perception 
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of knee instability (buckling) by stabilizing the knee joint with the valgus knee brace. 

This was also demonstrated with the significant changes in dynamic balance as 

previously reported, leading to an overall reduction in pain.  

Therefore, this hypothesis was partially accepted because the muscle co-contraction 

significantly decreased between Vastus medialis and Semitendinosus during 

walking, ascending and descending stairs and between the Vastus lateralis and 

Biceps femoris during ascending and descending stairs. However, the muscle co-

contraction between the Vastus lateralis and Biceps femoris did not decrease 

significantly during walking. 

 

4.4.5 Kinetic and kinematic outcomes 

Medial knee OA impacts on the whole body therefore it is important to understand the 

effect of the use of valgus knee braces on the kinematics of surrounding joints. With the 

increased importance of the sagittal plane knee moment on joint loading (Walter et al., 

2010), this has also been presented for completeness. In addition, the contralateral limb 

has also been presented which literature for this limb whilst wearing interventions is 

limited.  

Affected leg 

Walking 

A valgus knee brace should not affect motion in the sagittal plane at the knee joint given 

that its action should be in the coronal plane. In this study, there was no significant 

change in the sagittal knee range of motion (ROM) in any conditions during walking, at 

any time point. These results concur with Toriyama et al., (2011) who also reported no 

significant difference between the braced and unbraced conditions in the sagittal knee 

flexion angles. However, Gaasbeek et al., (2006) reported that the knee range of motion 

in the sagittal plane was significantly reduced in the braced condition. The knee angles at 

different events of the gait cycle were assessed in this study and showed that the brace 

prevented full extension at the end of swing phase and this happen due to the strap 
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tension resisting knee extension. These results concur with other studies by Davidson et 

al., (1996), who reported that there was a significant change in the second inflection point 

during stance where the brace prevented full extension. Matsuno et al., (1997), one of 

their interesting observations was the decrease in the knee flexion angle from 185.1° to 

183.7° with Generation II knee bracing at 12 month and this reduction is possibly linked 

to the improvement in knee stability. In swing phase, it has been identified by two studies 

(Richards et al., 2005; Jones et al., 2013) that valgus knee braces reduce knee flexion 

during swing phase which could limit step length. However, we did not find this with the 

current brace and this may have been due to the lighter construction of the brace and a 

single hinge rather than a double hinged brace.  

The action of a valgus knee brace is theoretically to improve the limb alignment with the 

valgus forces aiming to reduce the knee varus (Pollo et al., 2002). The results from this 

study disagree with this concept in that there was no significant change in the frontal 

plane knee angle in all conditions, at any time point during walking. These results concur 

with Toriyama et al., (2011) who also reported no significant change in the knee angle in 

the frontal plane during walking. This would suggest that the valgus knee brace is not 

applying a great enough valgus moment onto the proximal and distal segments 

surrounding the knee joint as previous research has shown significant changes (Self et al., 

2000; Pollo et al., 2002; Draganich et al., 2006). Draganich et al., (2006) showed a 1.5° 

and 1.3° change in varus angulation after using a custom-brace and the off-the-shelf 

brace, respectively, for four to five weeks and this is potentially due to the more robust 

design of the brace. In the study conducted in this thesis, the valgus strap was kept on a 

consistent level and this could also be a potential reason for the non-reduction of the knee 

frontal plane angle. Future work should be considered whereby knee coronal plane 

angular changes are seen at initial fitting as this would potentially increase the 

biomechanical effectiveness of the valgus knee brace. 

Given that there was no significant difference in the sagittal plane knee joint motion, it is 

not surprising to see that there was no significant change in the sagittal knee moment in 

any condition, at any time point during walking showing that the valgus knee brace did 

not affect the kinetics at the knee joint in the sagittal plane. This result concur with study 
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was done by Lindenfeld et al., (1997) found no significant change in the knee flexion and 

extension moment between braced and unbraced group after 6 weeks. However, using the 

same type of brace, Toriyama et al., (2011) found that the knee extension moment 

increased at the first peak and knee flexion moment decreased at the lowest point. This 

study was conducted immediately and not after a period of time and it may be that there 

were gait changes induced by wearing the valgus knee brace rather than seeing if these 

changes persisted after a period of time.  

There was no significant change in the maximum ankle dorsiflexion and plantar flexion 

in all conditions during walking except significant decreased was observed in the 

maximum ankle planter flexion angle between the shoe only at baseline and brace and the 

shoe only at three months. The decreasing was observed in the maximum of ankle plantar 

flexion was due to the strap of the brace around lower leg which reduced the muscle 

contraction thus reducing the ankle plantar flexion angle ROM during toe off time of 

walking. A study was done by Jones et al., 2013, showed there was no significant change 

in the sagittal plane ankle motions between conditions (baseline 1, baseline 2, lateral 

wedged insole, Knee brace) and these results concur with our results no significant 

change in the in the peak of ankle ROM in all conditions. 

During walking, there was a significant decrease in the hip ROM after wearing the brace 

immediately and after three months, but no significant change was found between the 

shoe only at baseline and at three months. Toriyama et al., (2011) reported no significant 

changes were observed between the braced and unbraced conditions in the maximum hip 

flexion angle and agree with this study. The decrease in ROM was observed due to a 

restriction in the peak of hip extension and is potentially due to the strap of the brace 

around upper thigh that may have restricted the full extension of the thigh during mid-

swing although previous studies have not found this. However, the decrease in ROM was 

only 6.02 % and this would not be thought to alter functional gait motion. Whether this 

change has any clinical or functional meaning would need to be further examined in 

studies focussing primarily on these changes. . No difference was seen when not wearing 

the brace between baseline and three months showing no residual effect of the brace. 
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Ascending and Descending stairs 

There was a significant decrease in the sagittal knee ROM between the shoe only and the 

brace at three months during ascending. Given the increased knee flexion that occurs 

during ascending stairs (Andriacchi et al., 1980) it could have been due to the straps 

surrounding the knee joint. This reduction primarily occurred at mid- stance in knee 

extension and may have had some impact on the way the individuals ascended the stairs. 

Given that there are no other studies on ascending stairs on valgus knee braces, further 

research is needed to understand if this is indeed a restriction caused by the valgus knee 

brace. However, there was no significant change in the sagittal knee ROM in all 

conditions during descending. Whilst not the same type of intervention for medial knee 

OA, Wallace et al., (2007) and Alshawabka et al., (2014), found no difference in sagittal 

plane knee angle whilst using lateral wedge insoles and a standard shoe during ascending 

and descending. 

It would however be expected that similar to walking the peak frontal plane knee angle 

would be affected by the valgus knee brace but there was no significant change during 

ascending. However, there was a significant decrease in the of frontal knee ROM 

between the shoe only at baseline and brace at three months and this happen due to an 

decrease was observed in the abduction knee angle; however other conditions didn’t 

significantly reduced during descending. 

With the reduction in sagittal plane ROM, there was also a corresponding increase in the 

maximum knee flexor moment between the shoe only and brace at three months. This 

could have due to the slightly increased knee flexion angle at early stance bringing the 

ground reaction force vector further behind the knee joint. From the work by Walter et 

al., (2010) this increase in knee flexor moment may increase medial compartment loads 

but further work would need to confirm this. There were no other significant effects in 

any of the other conditions or any aspects during descending.  

There was no significant change in the maximum of ankle dorsiflexion in all conditions 

during ascending. However, there was a significant decrease in the maximum of ankle 

plantar flexion between the baseline assessment and the brace and shoe only conditions at 
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three months. This was shown with a corresponding decrease in ankle ROM. The reasons 

for the decrease are not really understood but it may be due to the brace supporting the 

shank segment which restricts ankle motion slightly. Further work would need to confirm 

this however.  During descending, there was no significant change in the ankle ROM in 

all conditions. Additionally, there was no significant change in the maximum of ankle 

dorsiflexion in all conditions during descending. However, there was a significant 

decrease in the maximum of ankle plantar flexion between the baseline assessments and 

the brace at three months, but no significant change was found between the shoe only at 

baseline and at three months. Again as previously discussed, the reasons for this are not 

particularly clear. At the hip joint, there was no significant change in the hip ROM in all 

conditions during ascending. However, there was a significant decrease in the hip ROM 

between the shoe only at baseline and brace at three months; however other conditions 

didn’t significantly reduce during descending.  

The contralateral limb 

In previous studies on valgus knee braces, only one has reported on changes in the 

contralateral limb (Toriyama et al., 2011) but this was assessed immediately upon 

application of the valgus knee brace. Therefore, the comparison can only be made to this 

study but with the obvious time limitations. The contralateral limb is important given that 

a recent study by Jones et al., (2013) found that an individual with medial disease on one 

knee has a 90% risk of developing medial OA on their contralateral knee. Therefore, 

understanding the gait kinematics and kinetic changes in the contralateral limb is 

important in the OA disease process and the effectiveness of the valgus knee brace. 

Walking 

There was no significant difference in the first peak and second peak of the EKAM in the 

contralateral leg in all conditions. These results are in agreement with  Toriyama et al., 

(2012) who used the same brace is used in this study and they reported no significant 

change the first peak and second peak of the EKAM was found between conditions at 

immediate assessment. Our results showed the first peak in the contralateral limb 

increased by 19.99% between the shoe only at baseline and brace at three months and by 
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22.44% between the shoe only at baseline and at three months. This increase, whilst not 

significant may increase knee loading and may be detrimental. This could have happened 

due to more confidence being placed in the affected leg which may have caused other 

changes in the contralateral limb. It could have been that the individuals did have some 

disease in this limb but were asymptomatic. From a kinematic standpoint, there was no 

significant change was found in the frontal plane knee angle in the contralateral limb in 

all conditions during walking which would infer that the knee joint is not being affected 

in this plane. 

There was no significant change found in the sagittal plane knee angle in the contralateral 

limb in all conditions during walking. These results concur with Toriyama et al., (2011) 

who reported the contralateral knee flexion angle patterns showed no significant 

differences between conditions. This was also similar in the sagittal plane knee moment 

and peak of the vertical GRF which was not changed in the contralateral limb. One would 

expect that with more reliance on the affected limb that there would be reduced GRF on 

the contralateral limb but this does not seem to be the case in this study.  There was no 

significant change in the frontal plane knee angle in the contralateral limb between 

conditions during walking. These results are in disagreement with Toriyama et al., (2011) 

who reported the knee adduction angle patterns were significantly increased in the braced 

condition by an average of 0.32° during 46%–55% of the stance phase.  

There was no significant change found in the sagittal plane ankle angle in the 

contralateral limb in all conditions during walking and there was no previous study was 

done to compare our results with them. There was no significant change was found in the 

sagittal plane hip angle in the contralateral limb in all conditions during walking in 

agreement with the study undertaken by Toriyama et al., (2011) who reported the 

contralateral hip flexion angle patterns showed no significant differences between 

conditions. 

Ascending and Descending stairs 

Given that there is no other study that has been performed on stair ascending and 

descending with valgus knee braces, no discussion with regards to previous literature can 
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be done. There was no significant difference in the first peak and second peak of the 

EKAM in the contralateral leg in all conditions during ascending and descending stairs. 

No previous study was done before to compare and the results showed no changes as we 

expected.  

There was no significant change found in the sagittal plane knee angle or knee moment in 

the contralateral limb in the majority of conditions during ascending. There was a 

significant increase in the maximum knee flexion angle at initial contact and also the 

maximum knee flexor moment between the shoe only at baseline and the brace after three 

months. This could have been due to more reliance on the affected side but as there are 

no previous studies, this does need confirming if this is relevant to functional knee 

motion. However, no change in the peak of vertical GRF was found. 

At the ankle, no significant change was found in the sagittal plane ankle angle in the 

contralateral limb in all conditions during ascending and descending. There was also no 

significant change found in the sagittal plane hip angle in the contralateral limb in all 

conditions during ascending and descending.  

 

4.4.6 Observational outcome 

Patients were contacted by telephone at regular intervals biweekly to ensure that they 

were not having problems with the valgus knee brace. The mean average duration of 

wearing of the valgus knee brace increased from 4 hours as the beginning of treatment 

when asked patient to wear the brace at least 4 hours a day for three months to 6.67 (SD 

1.54) hours. The increase in the amount of time wearing the brace is probably due to the 

brace giving more confidence to the limb helping to relieve pain and increased patient 

comfort to wear this brace more time than usual. In addition, the type of brace in this 

study was light, invisible under the clothes, could be adjusted easily by the patient and 

easy to fit. No patient recorded any complaints from brace.  
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4.4.7 Limitations of this study 

As with any study, there are limitations. Firstly, the individuals or the investigator was 

not blinded to the brace being used in gait lab test even though all the kinetic and 

kinematic data was through automated measurements tools, so the assessor bias was low. 

The collection of biomechanical data was completed without knowledge of the results of 

this data and were analysed at the end of the trial. The clinical outcome data was 

collected independently and assessed at the end of the study without any input from the 

investigator to the patient’s comments. 

The valgus angle of this knee brace was fixed by strap tension throughout the three 

months period of wearing. In our study the dynamic force strap was set to number 5 out 

of 10 in the first session and this setting was recommended by the company due to many 

people finding that this average setting of 5 will provide adequate pain relief which meant 

that the patients were not instructed to change this. This is a limitation as it could have 

been this reason for some of the null effects on EKAM and coronal plane knee angle. In 

contrast, others studies have found with increased the valgus angulation will lead to 

increase reduction in the external knee adduction moment however the brace that used in 

this study depend of the degree tension if the dynamic force strap, so tension of this strap 

was not represent angulation of the brace. 

The stairs that were used in this study were only three steps and are different from the 

typical stairs that are used in daily living activity. The typical stairs may differ from our 

stair that used in the study in both stair dimensions (height and depth) and environmental 

conditions (indoor/outdoor), and this altered feeling of stairs may contribute to different 

results if this was captured with a full staircase or outside. The stairs of this study would 

also not allow independent collection of kinetic and kinematic data on the contralateral 

leg during the full gait cycle because the staircase in this study only had 3 steps with only 

two steps were collected during the test for the gait cycle. Therefore, a larger staircase or 

adding an extra step would have been an improvement on this study.  

The study was only conducted with 15 individuals which could be another reason for the 

null findings on EKAM in the study, although the variation was quite large between 
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subjects with some increasing their EKAM. However, other studies on valgus knee 

braces have been around this number, but a larger sample size in a study similar to what 

was conducted here should be completed to fully understand this type of valgus knee 

brace. A sample size was conducted on the data collected and a (standard deviation of 

EKAM (0.015), the mean difference of 0.02 Nm/kg, with a 90% power and the 

significance level at the 95% confidence interval) total number of 26 patients would be 

needed for statistical significance in EKAM. The primary reason for limiting the study to 

15 patients was due to previous studies and also with some issues with recruitment. 

Therefore, there are plans to recruit more individuals but this is outside the scope of this 

thesis timeline. However, significant clinical and functional results were found and from 

a patient perspective these are of the utmost importance. 

One of the major limitations of this study is that it was not a randomised clinical trial and 

that the effects seen with the brace could have been seen if the individual did not wear the 

brace. However, given that the brace surrounds the knee joint offering support and some 

proprioception, it would not be thought that this would be case. Nevertheless, for a 

complete picture a control group and a comparator group (knee sleeve only) should be 

assessed to determine the full effectiveness and efficacy of this valgus knee brace. A 

control group was not chosen in this study as we wanted to fully understand the effects of 

the brace during different activities and time points and a RCT was not the objective but 

obviously this is a limitation of the results found.  

4.5 Conclusions  

The aims of this thesis were to understand whether an off-the-shelf valgus knee brace 

altered biomechanical and clinical outcomes during walking and ascending and 

descending stairs. The literature review identified that whilst many studies have been 

undertaken on valgus knee braces, the findings have been from different designs of 

valgus knee brace and no study has assessed the effect of valgus knee braces on 

ascending and descending stairs.  

 It was found in this study that the valgus knee brace used in this study did not 

significantly reduce the knee loading during walking, ascending or descending stairs. 
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There were some individuals where the loading was decreased after three months when 

compared to the shoe only at baseline with the brace on and with the brace off. This does 

give some indication that there could be a residual effect of the valgus knee brace which 

would be beneficial in that reductions of loading could occur without the brace being 

worn. This however, would need to be further confirmed in a larger study. 

From a clinical perspective, pain was reduced and the overall strength and function were 

significantly improved both from a balance perspective and motion at the knee joint. One 

reason for this could have been the reduced muscle co-contraction between antagonist 

and agonist muscles of the knee joint which has been postulated to reduce medial 

compartment loading. Given the small reduced loading and decreased muscle co-

contraction it would be hypothesied that medial compartment joint forces would be 

reduced with this valgus knee brace. However, this would need to be assessed in a more 

complex multi-scale modelling or knee implant study.  

Future work should assess whether any structural changes (bone marrow lesions for 

example) could be seen after an intervention period with valgus knee braces as this would 

give evidence that the reduced loading was seen. Other future work should assess 

whether a combined valgus knee brace with exercise could have effect on reducing in 

loading and muscle co-contraction over long period of treatment.  

It is also unknown whether combining a valgus knee brace with another intervention 

would significantly reduce EKAM and therefore a pilot study was performed to 

understand if a combined orthotic management of a valgus knee brace and lateral wedged 

insole was better at reducing EKAM than the single treatments alone in individuals 

patient with knee OA during ascending and descending stairs. 
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CHAPTER FIVE 

PILOT STUDY:  Comparison of isolated and combined 

orthotic devices on knee loading whilst ascending and 

descending stairs in patients with medial knee osteoarthritis 

(Presented at the Osteoarthritis and Cartilage Annual Symposium, 

Philadelphia, 2013) 

5.1 Background:  

Osteoarthritis (OA) is the most common form of arthritis and a leading cause of disability 

worldwide with over 8.5 million people in the UK having osteoarthritis in 2002 (Arthritis 

Care (2004) OA Nation) . Knee OA is estimated to be the eighth leading global cause of 

disability in men, and the fourth most common in women (Vad et al., 2002) and 

accounted for 2.8% of total years living with disability (Murray et al., 1996). 

Stair climbing is a common and frequent activity in daily living and demands, compared 

to walking on level ground, a greater range of motion and around six times more load on 

the knee joint. The moment was increased at the knee joint during ascending and 

descending stairs and was largest during descending stairs, with both moments higher than 

compared with walking on the level ground (Andriacchi et al. 1980).  

Even though surgery for knee OA is available, there are some individuals who may not 

be suitable for surgery or do not want surgery. Therefore other options are needed. 

Conservative management techniques are options that have not yet been fully justified in 

the scientific literature. It is therefore important to understand which technique will have 

the greater impact, for a particular patient type, both in terms of functional independence 

and reduction in pain, two primary complaints by sufferers.  

Valgus knee braces and lateral wedged insoles are common modalities used in the 

treatment of medial tibiofemoral osteoarthritis (OA) of the knee joint. Both treatments 

have been shown to reduce the external knee adduction moment (EKAM) during walking 
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(Draganich et al. 2006; Jones et al. 2013; Hinman et al. 2009) and more recently during 

stair ascent and descent (Alshawabka et al. 2014; Wallace et al. 2007). There is evidence 

suggesting that combining treatments during walking tasks (by altering the position of the 

knee joint centre with a valgus knee brace and the orientation of the ground reaction force 

with a lateral wedge insole) produces a greater reduction of the EKAM.  In a previous 

study by Moyer et al., (2012), they investigated a custom-fit valgus knee brace and 

custom-made lateral wedge foot orthotic and the effects that this would have during gait. 

They found that can produce a greater overall reduction in the knee adduction moment, 

through combined effects in decreasing the frontal plane lever arm during walking. 

Therefore, determining whether insoles, valgus knee braces or a combined approach 

reduces loads in patients with medial knee OA for other activities is warranted. 

However, it is not known if off-the-shelf devices have the same effect or whether the 

reductions in knee loading are there for the more challenging activity of stair ascent and 

descent. Therefore, the aim of this study was to determine whether a combined orthotic 

management (of an off-the-shelf valgus knee brace and an off-the-shelf lateral wedge 

insole) reduced knee loading greater than the single treatments alone. 

5.2 Methods 

5.2.1 Participants: 

Seven patients (5 female, 2 male) were radiographically confirmed with medial knee OA, 

participated in the study. Participants were recruited from within Salford University after 

getting the ethical approval from Salford University (HSCR12/17). 

In order to be eligible for the study the following inclusion and exclusion were adopted: 

Inclusion criteria:   

To define medial knee OA, a patient must meet all of the following: 

1 Pain with walking (using KOOS question, they need to have at least mild pain 

walking on a flat surface) – Clinical diagnosis by qualified clinician 
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2 On AP or PA view x-ray (weight bearing; if possible); they need to have definite 

medial narrowing ≥ lateral narrowing and evidence (osteophyte) of OA – Radiographic 

diagnosis. Medial tenderness either by their own indication that this is where they have 

pain or by examination showing tenderness at the medial TF joint line – Clinical diagnosis 

by qualified clinician 

3 If potential participants have had a MR scan or arthroscopy as part of their usual 

clinical care. As well as using the K-L score of grade 2 or 3 for plain radiographs, we will 

use the documented evidence of at least grade 1 arthritis on arthroscopy. 

4 They are able to walk for 100 metres non-stop – Participant response. 

Exclusion criteria: 

Participants were excluded if the pain is more localised to the patellofemoral joint on 

examination than medial joint line, have tricompartmental knee osteoarthritis or have 

grade 4 medial tibiofemoral osteoarthritis (MTOA) on the Kellgren Lawrence scale. Other 

exclusions include a history of high tibial osteotomy or other realignment surgery or total 

knee replacement on the affected side or any foot and ankle problems that will 

contraindicate the use of the footwear load modifying interventions. In addition, 

participants were excluded if they have severe coexisting medical morbidities, or currently 

use, or have used, orthosis of any description prescribed by a Podiatrist or Orthotist. If the 

participants cannot walk for 100 metres without stopping they will  also be excluded as 

they may be unable to complete the full testing protocol. We excluded individuals if the 

brace is not likely to work because the leg is too large; or if there has been an intra-

articular steroid injection into the painful knee in the last month. 

5.2.2 Procedure 

The research was conducted on osteoarthritis patients aged between 35 (it is age 35 years 

and upwards as this is the target age for the subsequent trials and individuals were likely 

to have knee osteoarthritis after this age) and 65 and if they have had a knee x-ray they 

asked to give consent for a radiologist to read these for radiological confirmation of the 

disease. All participants were recruited from within Salford University. For this purpose, 

an e-mail invitation was sent to all students and staff of Salford University after prior 
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approval from Colleges’ deans. A poster that explained the study was pinned onto notice 

boards in buildings around Salford University to enhance recruitment. 

When the volunteers decided to take part in this study, they asked to contact the chief 

investigator using the information that provided in the poster, the invitation e-mail, and 

the participant information sheet. The volunteer whom met the eligibility criteria was 

then asked to visit the podiatry gait laboratory in Allerton building on one occasion 

lasting approximately two hours.  

On attendance at the gait laboratory, the study was explained in full and the subject 

completed a consent form and the following demographic data such as date of birth, 

height and mass were recorded. Then, the patients were assessed to determine the correct 

size of shoe (Ecco Zen), lateral wedged insole (Salford Lateral Wedge) and valgus knee 

brace that the individual required. Patients were asked to change into their shorts and a 

comfortable t-shirt. The patients then had the following assessments performed. 

Qualisys motion analysis system (Qualisys, Gothenburg, Sweden) and two AMTI force 

platforms (AMTI BP400X600, AMTI, USA) were used to collect kinematic and kinetic 

data as per Chapter 3 section (4.2.3). Sixteen infrared cameras (Qualisys, Sweden) were 

used to capture the 3-dimensional positions of the retro-reflective markers that were 

attached to each subject's skin over bony landmarks in both lower limbs (on the 1
st
 , 2

nd
, 

5
th

  metatarsal heads and Calcaneal tubercle), ankle (medial and lateral malleolus), knee 

(lateral and medial femoral condyle, tibial tuberosity and fibular head), thigh (greater 

trochanter) and pelvis(right and left anterior superior iliac spine, right and left posterior 

superior iliac spine, and right and left iliac crest). Fixed cluster pads made of plastic (with 

four markers on each) were attached to the shank, thigh and pelvis to track their 

movements.  

At the beginning of each test condition, body mass was obtained by asking the patient to 

stand over one of the force platforms, meanwhile a static 3D image could be obtained by 

the sixteen infra-red cameras. All subjects were asked to perform three tasks in four 

conditions in a randomised order: 
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Standing  

The individual was stand on a force platform for 10 seconds and a static 3-dimensional 

image from the sixteen infra-red cameras were obtained. 

Walking 

5 successful self-selected walks (clear foot contact with the force plates was regarded the 

acceptable trial) in each one of the conditions were performed.  

Stairs 

Patients were asked to perform three trials of three step stairs ascent and descent at a self-

selected speed starting every trial with the affected side at first step of stairs during climb 

up in step-over-step manner and also starting every trial with the affected side during 

climb down in step-over-step manner without using the handrails. A handrail was installed 

to both sides of the stairs to prevent the patient from falling off at any time ascending or 

descending the stairs. 

Kinetic data (ground reaction force and centre of pressure) was obtained by using two 

force platforms (AMTI BP400600, Boston, USA). 

Each participant worn standard shoes (Ecco Zen) which was available to fit all sizes and 

be required to ascend and descend three stairs for three times without using a hand rail or 

any other device to assist climbing of the stairs. A handrail was available if the subject 

needed to use this for safety. 

Four test conditions were been tested: 

1. Condition 1: Standard control shoe – The participant wore standard shoes which will 

provide a baseline dataset for the footwear conditions. 

2. Condition 2: Standard control shoe with a lateral wedged insole (Salford Lateral 

Wedge) – The participant was asked to wear standard shoes that are modified to have a 

lateral wedge insole inserted inside (Jones et al., 2013).  

3. Condition 3: Standard control shoe with an off-the-shelf Ossur UnloaderOne valgus 

knee brace, – The participant was asked to wear standard shoes and a valgus knee brace.  
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4. Condition 4: Standard control shoe with a lateral wedged insole (Salford Lateral 

Wedge) and an off-the-shelf Ossur UnloaderOne valgus knee brace – The participant was 

asked to wear standard shoes that are modified to have a lateral wedge insole and valgus 

knee brace. 

The order of interventions was randomised according to the following website 

(www.randomisation.com) to ensure that carry-over effects are minimised and reduce 

bias. 

5.2.3 Data Analysis 

For this study, only the external knee adduction moment was assessed. The EKAM was 

calculated and exported during single support and stance phase. Normalised stance phase 

was divided into two sub phases, which are initial (0-33%), and late (68%-100%) which 

are termed first peak and second peak along with the knee adduction angular impulse 

(KAAI) for stance phase. Peak early-single support (0-33%) EKAM; and peak late-single 

support (68-100) EKAM were extracted along with the knee adduction angular impulse 

(KAAI) for the support phase. SPSS (SPSS Inc., USA) was used for the statistical 

analysis. A repeated measures of analysis of variance was undertaken to determine any 

significant differences at the 95% Confidence interval (p<0.05) between the control shoe 

and the orthotic conditions. A bonferroni correction was applied due to multiple test 

conditions to reduce the change of a type1 error. 

 

5.3 Results  

5.3.1 Test participant 

Seven patients with knee OA participated in the study; five women and two men (mean 

age 58(SD 5.88) years; age range 52-65 years; mean height 162 (SD11.04) cm; height 

range 164-177 cm; mean mass 81(SD 14.05) Kg; mass range 55.5- 97 Kg); mean body 

mass index (BMI) 30.82 (SD 5.33) kg/m2. Four individuals diagnosed with grade 2 KL 

and three individuals with grade 3 KL. 
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5.3.2 Kinetic results during ascending stairs 

5.3.2.1 EKAM Stance phase 

There was a significant decrease (mean difference 0.07 Nm/kg, p=0.047) in the first peak 

of EKAM with the valgus knee brace and lateral wedged insole combined in comparison 

to the shoe only, with an average decrease of 23.90%. However, there was no significant 

change in the first peak of EKAM between the lateral wedged insole, or valgus knee 

brace, and the shoe only (mean difference 0.02 Nm/kg, p=0.37, 0.04 Nm/kg, p=0.34), 

although average decreases of 8.14% and 14.63% were found respectively. 

There was a significant decrease in the second peak of EKAM with the valgus knee brace 

and lateral wedged insole combined and the lateral wedged insole in comparison to the 

shoe only, (mean difference 0.12 Nm/kg, p=0.03, 0.06 Nm/kg, p=0.02), with average 

decreases of 29.50% and 15.05% were found respectively. However, there was no 

significant change in the second peak of EKAM between the valgus knee brace and the 

shoe only (mean difference 0.06 Nm/kg, p=0.11), although average decreases of 15.45% 

was found. Descriptive data of EKAM results during ascending are illustrated in figure 5-

1 and table 5-1. 
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Figure 5-1: The external knee adduction moment (EKAM) in stance phase during ascending. 

Table 5-1: Mean (SD±) first and second peak of the EKAM in stance phase during ascending. 

Type Brace Insole Insole-Brace  Shoe 

EKAM 1 Mean (SD) (Nm/kg) 0.25(0.16) 0.27(0.15) 0.22(0.12) 0.29(0.16) 

EKAM 2 Mean (SD) (Nm/kg) 0.34(0.23) 0.34(0.22) 0.28(0.19) 0.40(0.25) 

 

5.3.2.2 EKAM Single limb support 

There was a significant decrease (mean difference 0.06 Nm/kg, p=0.048) in the first peak 

of EKAM with the valgus knee brace and lateral wedged insole combined in comparison 

to the shoe only, with an average decrease of 15.66%. However, there was no significant 

change in the first peak of EKAM between the lateral wedged insole, or valgus knee 

brace, and the shoe only (mean difference 0.04 Nm/kg, p=0.07, 0.02 Nm/kg p=0.62), 

although average decreases of 12.39% and 4.91% were found respectively.  

There was a significant decrease in the second peak of EKAM with the valgus knee brace 

and lateral wedged insole combined and the lateral wedged insole in comparison to the 

shoe only, (mean difference 0.12 Nm/kg, p=0.03, 0.06 Nm/kg, p=0.02), with average 
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decreases of 24.87% and 11.46% found respectively. However, there was no significant 

change in the second peak of EKAM between the valgus knee brace and the shoe only 

(mean difference 0.03 Nm/kg, p=0.67), although average decreases of 5% was found. 

Descriptive data of EKAM results during ascending are illustrated in figure 5-2 and table 

5-2. 

Figure 5-2: The external knee adduction moment (EKAM) in single limb support during 

ascending. 

Table 5-2: Mean (SD±) first and second peak of the EKAM in single limb support during 

ascending. 

Type Brace Insole Insole-Brace  Shoe 

EKAM 1 Mean (SD) (Nm/kg) 0.34(0.18) 0.32(0.18) 0.30(0.16) 0.36(0.18) 

EKAM 2 Mean (SD) (Nm/kg) 0.42(0.23) 0.39(0.19) 0.33(0.15) 0.45(0.22) 
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5.3.2.3 KAAI Stance phase: 

The KAAI was significantly reduced for the insole (p = 0.001) and the combined lateral 

wedged and valgus knee brace (p = 0.009), and the valgus knee brace (p=0.024) in 

comparison to the control shoe. Descriptive data of KAAI results during ascending are 

illustrated in figure 5-3 and table 5-3. 

Table 5-3: Mean (SD±) Knee adduction angular impulse (KAAI) in stance phase during 

ascending. 

Type Brace Insole Insole-Brace  Shoe 

KAAI Mean (SD±)(Nm/kg)*s  0.23(0.14) 0.23(0.13) 0.19(0.11) 0.27(0.15) 

 

 

Figure 5-3: Knee adduction angular impulse (KAAI) in stance phase during ascending. 

 

5.3.2.4 KAAI Single limb support 

The KAAI was significantly reduced for the insole (p = 0.003) and the combined lateral 

wedged and valgus knee brace (p = 0.008), with the valgus knee brace bordering 

significance (p=0.054) in comparison to the control shoe. Descriptive data of KAAI 

results during ascending are illustrated in figure 5-4 and table 5-4. 

Table 5-4: Mean (SD±) Knee adduction angular impulse (KAAI) in single limb support during 

ascending. 

Type Brace Insole Insole-Brace  Shoe 

KAAI Mean (SD±)(Nm/kg)*s  0.17(0.09) 0.16(0.08) 0.14(0.07) 0.20(0.09) 
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Figure 5-4: Knee adduction angular impulse (KAAI) in single limb support during ascending. 

 

5.3.3. Kinetic results during descending stairs 

5.3.3.1 EKAM Stance phase 

There was no significant change (mean difference 0.07 Nm/kg, p=0.13) in the first peak 

of EKAM with the valgus knee brace and lateral wedged insole combined in comparison 

to the shoe only, although average decrease of 14.22% was found. In addition, there was 

no significant change in the first peak of EKAM between the lateral wedged insole, or 

valgus knee brace, and the shoe only (mean difference 0.00 Nm/kg, p=0.94, 0.00 Nm/kg, 

p=0.88), although average decreases of 0.47% and 0.91% were found respectively. 

There was no significant change (mean difference 0.07 Nm/kg, p=0.09) in the second 

peak of EKAM with the valgus knee brace and lateral wedged insole combined in 

comparison to the shoe only, although an average decrease of 22.27% was found. In 

addition, there was no significant change in the second peak of EKAM between the 

lateral wedged insole, or valgus knee brace, and the shoe only (mean difference 0.04 

Nm/kg, p=0.48, 0.04 Nm/kg, p=0.25), although average decreases of 11.30% and 11.72% 
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were found respectively. Descriptive data of EKAM results during descending are 

illustrated in figure 5-5 and table 5-5. 

 

Figure 5-5: The external knee adduction moment (EKAM) in stance phase during descending. 

Table 5-5: Mean (SD±) first and second peak of the EKAM in stance phase during descending. 

Type Brace Insole Insole-Brace  Shoe 

EKAM 1 Mean (SD) (Nm/kg) 0.48(0.15) 0.48(0.17) 0.41(0.14) 0.48(0.20) 

EKAM 2 Mean (SD) (Nm/kg) 0.28(0.19) 0.28(0.15) 0.24(0.16) 0.31(0.24) 

 

5.3.3.2 EKAM Single limb support 

There was a significant decrease (mean difference 0.08 Nm/kg, p=0.03) in the first peak 

of EKAM with the valgus knee brace and lateral wedged insole combined in comparison 

to the shoe only, with an average decrease of 15.87%. However, there was no significant 

change in the first peak of EKAM between the lateral wedged insole, or valgus knee 

brace, and the shoe only (mean difference 0.03 Nm/kg, p=0.54, 0.05 Nm/kg, p=0.15), 

although average decreases of 5.19% and 10.79% were found respectively. 
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There was no significant change (mean difference 0.07 Nm/kg, p=0.15) in the second 

peak of EKAM with the valgus knee brace and lateral wedged insole combined in 

comparison to the shoe only, although average decrease of 18.35% was found. In 

addition, there was no significant change in the second peak of EKAM between the 

lateral wedged insole, or valgus knee brace, and the shoe only (mean difference 0.05 

Nm/kg, p=0.53, 0.02 Nm/kg, p=0.60), although average decreases of 5.49% and 5.23% 

were found respectively. Descriptive data of EKAM results during descending are 

illustrated in figure 5-6 and table 5-6.  

 

Figure 5-6: The external knee adduction moment (EKAM) in single limb support during 

descending. 

Table 5-6: Mean (SD±) first and second peak of the EKAM in single limb support during 

descending. 

Type Brace Insole Insole-Brace  Shoe 

EKAM 1 Mean (SD) (Nm/kg) 0.45(0.16) 0.48(0.17) 0.42(0.16) 0.50(0.21) 

EKAM 2 Mean (SD) (Nm/kg) 0.37(0.15) 0.37(0.18) 0.32(0.14) 0.39(0.19) 
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5.3.3.3 KAAI Stance phase 

There was no significant change (mean difference 0.05 Nm/kg, p=0.63) in the KAAI with 

the valgus knee brace and lateral wedged insole combined in comparison to the shoe 

only, although average decrease of 15.84% was found. In addition, there was no 

significant change in the KAAI between the lateral wedged insole, or valgus knee brace, 

and the shoe only (mean difference 0.05 Nm/kg, p=0.56, 0.03 Nm/kg, p=0.12), although 

average decreases of 14.72% and 13.35% were found respectively. Descriptive data of 

KAAI results during descending are illustrated in figure 5-7 and table 5-7 

Table 5-7: Mean (SD±) knee adduction angular impulse (KAAI) in stance phase during 

descending. 

Type Brace Insole Insole-Brace  Shoe 

KAAI Mean (SD±)(Nm/kg)*s  0.27(0.10) 0.26(0.11) 0.26(0.11) 0.31(0.15) 

 

 
Figure 5-7: Knee adduction angular impulse (KAAI) in stance phase during descending. 

 

5.3.3.4 KAAI Single limb support 

There was a significant decrease (mean difference 0.03 Nm/kg, p=0.04) in the KAAI with 

the valgus knee brace and lateral wedged insole combined in comparison to the shoe 

only, with an average decrease of 15.76%. However, there was no significant change in 

the KAAI between the lateral wedged insole, or valgus knee brace, and the shoe only 

(mean difference 0.03 Nm/kg, p=0.07, 0.03 Nm/kg, p=0.07), although average decreases 
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of 14.57% and 18.04% were found respectively. Descriptive data of KAAI results during 

descending are illustrated in figure 5-8 and table 5-8. 

Table 5-8: Mean (SD±) knee adduction angular impulse (KAAI) in single limb support during 

descending. 

Type Brace Insole Insole-Brace  Shoe 

KAAI Mean (SD±)(Nm/kg)*s  0.18(0.07) 0.18(0.07) 0.18(0.08) 0.21(0.10) 

 

 
Figure 5-8: Knee adduction angular impulse (KAAI) in single limb support during descending. 

 

5.4 Discussion  

This is the first study to examine the effect of an off-the-shelf valgus knee brace and an 

off-the-shelf lateral wedge insole on ascending and descending stairs. The results 

demonstrated that that using a combination of an off-the-shelf valgus knee brace and off-

the-shelf lateral wedge insole significantly reduces knee loading during stair ascent during 

early- and late- stance phase and single support, in comparison to a control shoe. 

However, it was only during late-single support where the combination was significantly 

different to the orthotic treatments alone. Additionally, a combination of an off-the-shelf 

valgus knee brace and off-the-shelf lateral wedge insole significantly reduces knee loading 

during stair descent during early single support, in comparison to a control shoe. There 
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was a significant decrease in the KAAI with the valgus knee brace and lateral wedged 

insole combined in comparison to the shoe only during ascending in stance phase and 

single support. Additionally, there was a significant decrease in the KAAI with the valgus 

knee brace and lateral wedged insole combined in comparison to the shoe only during 

descending in single support. Only one study has been undertaken previously on 

combined orthotic management (Moyer et al., 2012) who found that a combination of 

using a custom-fit valgus knee brace and custom-made lateral wedge foot orthotic 

concurrently produced a greater overall reduction in the knee adduction moment, through 

combined effects in decreasing the frontal plane lever arm during walking (Moyer et al., 

2012). 

The results of this study support the combination of the two therapies in that they may 

produce higher reductions in knee loading in patients with knee OA, not just during 

walking (Moyer et al., 2013) but also during stair ascent and descent.  The present study 

shows that the  EKAM and KAAI reduces during ascending and descending stairs and 

this concurs with Alshawabka et al. (2014) where the EKAM was reduced with lateral 

wedge insole during ascending stairs.  Additionally, a study was performed by Kutzner et 

al. (2011) using instrumented, telemeterized knee implants, reported that the tibial 

implant medial forces were significantly reduced by 26% and 24% only observed with 

the MOS (MOS Genu, long version, Bauerfeind AG, Germany) during stair 

ascending/descending. 

The results of this study showed improvement in the KAAI for the insole and the valgus 

knee brace in comparison to the control shoe in stance phase and single support during 

ascending and in single support during descending. These results concurrent with a 

(Alshawabka et al., 2014) reported the KAAI was significantly reduced with lateral 

wedge insoles as single treatment. 

However, the results do not agree with previous literature on lateral wedge insoles 

(Alshawabka et al., 2014) who showed that lateral wedge insoles reduce EKAM and 

KAAI during stair ascent and descent. The valgus knee brace alone also showed no 

significant change when ascending or descending stairs and this is in line with the results 
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found in the previous chapter. There were however decreases in both EKAM and KAAI 

which potentially may unload the medial compartment of the knee.  

The use of single support examination  in this study showed a significant improvement in 

EKAM and KAAI which mean more activity was measured and showed the benefit of the 

combined of treatment on knee loading. This does infer that future studies should also 

examine unilateral single-support loading to determine the changes. 

The results of this study have demonstrated that off-the-shelf orthotic devices in 

combination support previous literature on custom designed braces and insoles during 

walking. Given that adherence to valgus knee braces is a challenge, one potential outcome 

of this study would be for an individual to constantly wear a lateral wedged insole and use 

the valgus knee brace at times of heavy activities during the day. Future research 

investigating beneficial clinical effects are needed over both the short and long term. 
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CHAPTER SIX 

OVERALL CONCLUSIONS AND FUTURE STUDIES 

6.1 Summary 

The aim of this thesis was to find out the effectiveness of a valgus knee brace on 

biomechanical and clinical outcomes during walking and stair climbing in individuals 

with knee osteoarthritis. In this thesis we assessed the both the loading on the knee joint 

and muscle co-contraction after wearing an assistive device (a valgus knee brace) which 

is a common treatment in this disease, and also changes in muscle strength, balance and 

pain.  

In chapter two, the first focus of this thesis is a review of the existing literature linked to 

knee OA, the external knee adduction moment, and valgus knee brace to identify the gaps 

from previous studies. The knee is the most affected joint by arthritis. Knee osteoarthritis 

(OA) is more common in older individuals and occurs more in the medial than the lateral 

compartment. The external knee adduction moment is a measurement used in gait 

analysis to measure the loading in knee joint. There is a direct relationship between knee 

loading and progression of knee osteoarthritis. Whilst previous literature has 

demonstrated changes in loading with valgus knee braces during over ground walking, no 

studies (to date) assessed the effect of valgus knee braces on knee loading and muscle co-

contraction during ascending and descending stairs immediately, and after a period of 

time. In addition, it is an un-documented opinion that knee bracing affects muscle 

strength and control around the knee and weakens the joint so this research also aimed to 

confirm or refute this theory. Therefore, the thesis aimed to answer whether knee loading, 

pain, muscle strength and muscle co-contraction was altered after wearing a brace for 

three months.  

In chapter three, no study had been previously performed on repeated examinations on 

the measuring the load transferred through the knee joint when walking and ascending, 

and descending stairs in subjects with osteoarthritis of the knee joint and with a valgus 

knee brace, to ensure that brace can be applied in the same way at two test sessions so 
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that an understanding of the reliability of the application of the brace can be understood. 

This information will help to determine the reliability of such measures for short term 

study that is planned. This study was an important addition to the current research and 

will enable the researchers to ensure no measurement error will be happen in the results. 

The reliability study including the gait analysis methods was done before the main study. 

This is the first study to demonstrate the repeatability of walking and ascending and 

descending stairs on EKAM and with the application of a valgus knee brace. These were 

explored in the next chapter. 

In chapter four, valgus knee braces are one conservative treatment that has been used in 

daily cares which aim to target the EKAM. Research studies have found improvements in 

pain, physical function, and changes in the kinematic and kinetic of the affected leg and 

contralateral leg. The majority of these studies are of increasingly short duration, look at 

outcome measures with the brace in situ, investigate the immediate effects rather than 

after a period of time. The aim of this chapter to enable a complete picture of valgus knee 

braces, a study would need to combine clinical and biomechanical outcome measures, to 

be able to quantify the mechanistic action of valgus knee bracing. The clinical and 

biomechanical data were collected in this chapter to find out the effect of valgus knee 

brace on knee loading, pain, muscle strength/function and muscle co-contraction in 

patient with knee OA over a period of three months. The results showed small non-

significant effect on the reduction of knee loading and a significant improvement in pain, 

muscle strength/function, dynamic balance and decreasing of muscle co-contraction. No 

change on loading was found during ascending and descending stairs. 

In chapter five, a pilot study was performed to find out a combined orthotic management 

of a valgus knee brace and lateral wedged insole was better at reducing EKAM than the 

single treatments alone in patient with knee OA during ascending and descending stairs. 

The results of this pilot study support the combination of the two therapies in that they 

may produce higher reductions in knee loading in patients with knee OA during stair 

ascent and descent. 
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6.2 Thesis novelty  

This is the first study to explore the effect of valgus knee brace on knee adduction 

moment during ascending and descending and has not been previously explored. This 

involved investigating the effect of valgus knee brace on EKAM, KAAI, and kinematic 

data on the affected side and contralateral limb over a period of three months with the 

brace on and with the brace off during walking, and ascending and descending stairs.  

Performed repeated examinations of gait on valgus knee brace during ascending and 

descending stairs in patient with knee OA and this information helped to determine the 

reliability of such measures for short term study that is planned. This first study examines 

the effect of valgus knee brace on knee loading during ascending and descending stairs 

This is the first study which has investigated the short term effect of a valgus knee brace 

on muscle co-contraction of knee joint between agonist and antagonist muscles by using 

EMG data and its relationship with knee joint loading during ascending and descending 

stairs in patient with knee OA. 

No studies have investigated dynamic balance and whether after wearing a valgus knee    

for a period of three months. The modified SEBT was used which has not been used in 

the assessment of dynamic balance after a mechanical intervention. This allowed 

indications of dynamic function to be attained which has not been previously explored.  

Determining whether a combined orthotic management of a valgus knee brace and lateral 

wedged insole is better at reducing EKAM than the single treatments alone during in 

stance phase and single limb support during ascending and descending stairs. This is the 

first study explored the effect of a combination treatment on knee loading during 

ascending and descending stairs. 

Overall, this is the first study investigate the effect of valgus knee brace on EKAM, 

kinematics, kinetics, pain, function, dynamic balance, muscle strength, and muscle co-

contraction in the affected leg and the contralateral leg in one study. This thesis will 

therefore add much to the knowledge of both experimenters and clinicians within the 

knee osteoarthritis field.  
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6.3 Future studies 

In this thesis, the unload study in chapter four was the main study and at the end of that 

chapter the results showed the small effect of valgus knee brace on knee loading in 

patient with knee OA during ascending and descending stairs, Therefore, a pilot study 

was done in chapter five to find out a combined orthotic management of a valgus knee 

brace and lateral wedged insole was better at reducing EKAM than the single treatments 

alone in patient with knee OA during ascending and descending stairs. 

According to the positive biomechanical effect of the combined orthotic management of a 

valgus knee brace and lateral wedged insole on knee loading in patient with knee OA 

during ascending and descending stairs, future research investigating the biomechanical 

and clinical effects of the combined treatment over a period of time are needed. In 

addition, investigation the effect of combined orthotic management of a valgus knee brace 

and exercises on muscle co-contraction in patient with medial knee osteoarthritis. 

Additionally, does the addition of a valgus knee brace with home based exercises have 

increased effectiveness on knee loading in compared to home based exercise alone in 

individuals with knee osteoarthritis?. Longer term follow-ups of combined studies 

measuring joint loading and structural changes such as bone marrow lesion are needed to 

confirm efficacy. If the valgus knee brace does indeed reduce medial compartmental 

loading, a change in bone marrow lesions would be seen. Furthermore, this would also 

allow the scientific community to understand the effects of mechanical stabilization 

devices on structural changes at the knee joint and could be further supplemented by 

modelling based studies to understand compartmental loads. 
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