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ABSTRACT 

 

The aim of this study was to compare gait characteristics between older 

people with and without knee osteoarthritis and to determine the correlation between 

gait characteristics (kinematic and spatiotemporal data) and history of falls in older 

people with knee osteoarthritis. A total of 48 healthy older people and older people with 

knee osteoarthritis participated in this study. The parameters in this study were 

spatiotemporal characteristics and angular displacements of hip, knee and ankle joints 

in the sagittal, coronal and horizontal planes at heel strike, midstance, toe off and mid 

swing. All participants were assessed with VICONTM motion system while walking at 

their self-selected speed.  

In this study, there were significant differences in some parameters between 

groups. The velocity, cadence, step length, single support time, and stride length of the 

knee osteoarthritis group was less than the control group. Step time, stride time and 

double support time of the knee osteoarthritis group were significantly greater than the 

control group. Participants with knee osteoarthritis had greater knee flexion, varus, and 

external rotation during the initial contact phase. In mid stance, knee varus and external 

rotation and hip flexion of the knee osteoarthritis group were significantly greater than 

the control group. 

In conclusion, participants with knee osteoarthritis adopt different 

compensatory biomechanical strategies while walking. There were significant 

differences in spatiotemporal and kinematics parameters among older people with mild 

to severe knee osteoarthritis. These could be detected through 3D gait analysis. Knee 

osteoarthritis influenced gait kinematics involving not only knee joint but also hip and 

ankle joint movement. 

 

Keywords: gait, kinematics, spatiotemporal, osteoarthritis, falls 
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2. CHAPTER 1 

INTRODUCTION 

 

This chapter provides background and rationale of gait characteristics in 

older people with knee osteoarthritis and discusses its importance in relation to falls. 

The purpose of this thesis will be outlined at the end of the chapter. 

 

1.1 Background and rationale 

 

 By 2050, the number of world population ageing will be more than other 

age groups. The proportion of older population is expected to rise from 12 percent in 

2015 to more than 16 percent in 2030 [3]. In Thailand, the number of older people who 

are aged 60 years or over will increase more than 20 percent over the next five years [4]. 

Growth in the numbers of older population will increase the demand of health care, 

financial and social support, as well as sufficient government support.  

Falls are one of the leading causes of serious injury and hospital admissions 

in older people [5, 6]. Falls have been reported as one of the major public health issues. 

One in three of people age 65 and above falls annually [7]. Arthritis has been reported 

to be one of the factors that raise the probability of a fall for over 25 years [8, 9]. Due to 

the fact that osteoarthritis has been reported as the most prevalent form of arthritis [10]. 

Osteoarthritis has been reported as risk factor for falls in ageing people [7]. Most of 

people with knee osteoarthritis had a 30% more chance of experiencing a fall compared 

to people who did not have knee osteoarthritis [11]. 

Most of the incidences of falls occurs during walking [12]. Moreover, 

previous studies have reported correlation between gait characteristics and fall risk in 

ageing people [12, 13]. Increased risk of falls has been correlated with shorter stride length 

[11, 14], increased double support time, and slower gait speed compared with healthy 

aging group [11, 14, 15, 16]. Older people with knee osteoarthritis may adopt different 

biomechanical compensatory strategies while walking. A reduction in knee joint 

movement due to muscle weakness, pain or deformity that may result from worsening 
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knee osteoarthritis, leading to higher deficits in balance control [17]. Gait biomechanics 

may differ between people with and without knee osteoarthritis. People with knee 

osteoarthritis have greater variations in step width, step length and double support time 

compared with healthy aging group resulting in the reduction of gait control [18]. 

However, there is still limiting information regarding the changes in gait in people with 

knee osteoarthritis in particular how these changes could be related to falls risk in older 

people with knee osteoarthritis. Overall, the point relationship between the 

biomechanics of gait and falls in older people with knee osteoarthritis represents 

potentially important of clinical research area in which could lead to appropriate falls 

prevention intervention strategies specifically, for this group of people 

 

1.2 Research questions 

 

1.2.1 Are there any differences in gait characteristics between older people 

with and without knee osteoarthritis?  

1.2.2 Is there any correlation between gait characteristics (kinematic and 

spatiotemporal data) and history of falls in older people with knee osteoarthritis?  

 

1.3 Purposes of the study 

 

1.3.1 To compare gait characteristics between older people with and 

without knee osteoarthritis.  

1.3.2 To determine the correlation between gait characteristics (kinematic 

and spatiotemporal data) and history of falls in older people with knee osteoarthritis. 
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1.4 Hypotheses 

 

1.4.1 There would be significant differences in gait characteristics between 

older people with and without knee osteoarthritis. 

1.4.2 There would be significant correlation between gait characteristics 

(kinematic and spatiotemporal data) and history of falls in older people with knee 

osteoarthritis. 

 

1.5 Benefits of the study 

 

1.5.1 The results would provide the information of differences of the gait 

characteristics between older people with and without knee osteoarthritis that might be 

beneficial for further developing intervention strategies for older people with knee 

osteoarthritis. 

1.5.2 The results would provide the information on the level of correlation 

between gait characteristics (kinematic and spatiotemporal data) and history of falls in 

older people with knee osteoarthritis.   
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3. CHAPTER 2  

LITERATURE REVIEW 

 

This chapter introduces the definitions, prevalence, pathologies of 

knee osteoarthritis, defines falls, and describes the risks of falling in older people 

with knee osteoarthritis. The chapter also reviews previous research findings of 

gait characteristics in older people with osteoarthritis, especially when associated 

with falls.  

 

2.1 Ageing population 

 

Most of the developed countries around the world have selected the 

chronological age of 65 years and above to refer to the older population, but this 

do not take into account specifically in Africa. On the other hand, the United 

Nation (UN) agreed to use the chronological age of 60 years and above as a guide 

for the definition of old [3]. By 2050, the number of world population ageing will 

be more than other age groups. The proportion of older people is estimated to 

rise from 12 percent in 2015 to more than 16 percent in 2030 [3]. In Thailand, the 

older people who are aged 60 years or over will increase more than 20 percent 

over the next five years [4]. 

Growth in the numbers of older population will increase the demand 

of health care, financial support, social protection and government support. Falls 

are the one of the leading causes of serious injury and hospital admissions in 

older people [7, 8]. 
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2.2 Falls 

 

2.2.1 Definition of falls 

The Prevention of Falls Network Europe (ProFaNE) has 

developed the definition of falls as “an unexpected event in which the 

participant comes to rest on the ground, floor, or lower level” [19].  

2.2.2 Prevalence of falls in older people 

The incidence rate of falls has been reported to increase with 

age [20]. It has been estimated that 29-36% of people over 65 years of age fall 

each year [8, 21] increasing to 33-43% of those who are 70 years and over [22, 

23]. The study of people ages 70 years and over showed that 40% of women 

fall each year, as compared with only 28% of men [12]. Falls occur more often 

in elderly living in nursing care than elderly living in community. A 

prospective study have reported that 30-50% of elderly living in nursing care 

fell in a one  year period, and 39% of them experienced recurrent falls [24]. 

2.2.3 Consequences of falls 

Falls are the leading cause of serious injury, hospitalization, 

loss of independence, morbidity and mortality in older people [25, 26]. About 

60% of falls in older people result in minor injury, for example bruising and 

abrasions, [27] but an estimated 25% of falls result with serious injury 

including fracture [22]. Non-injurious falls are result in no physical injury, but 

can lead to fear of falling, loss of confidence and independence [28]. The costs 

of fall injuries are expected to double by 2020 [29]. 

2.2.4 Risk factors for falls in older people 

The occurrences of falls among older people are often resulting 

from contributing factors. Risk factors that contribute to older people falling 

come under different categories. The panel on falls prevention consisting of 

members from the British Geriatric Society and American Geriatrics Society 
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identified these risk factors as: (1) intrinsic factors and (2) extrinsic factors [30, 31, 

32] 

2.2.4.1 Intrinsic factors of falls 

Intrinsic factors are age-related causes that affect balance, 

mobility, and daily activities such as weakness in the lower extremity, visual 

deficits, balance disorders, gait deficits, limited functional and cognitive 

impairment [32, 33, 34]. These physical issues affect the older people's ability to 

perform physical activities [35] such as dressing, toileting, eating, transferring, 

and bathing [36]. 

2.2.4.2 Extrinsic factors of falls 

Extrinsic fall risk factors include environmental 

conditions such as wet floor, crowded walkways, unsafe stairways and poor 

lighting[31, 32]. Extrinsic factors also include the effects of certain types of 

medications and polypharmacy (when individuals have four or more prescription 

medications), as well as the side effects medications that contribute to the older 

people experiencing a fall. 

 

2.3 Arthritis 

 

2.3.1 Definitions and types 

Arthritis is a debilitating chronic disease, resulting in joint 

swelling, inflammation, and pain. Arthritis is the cause of disability in older 

people [37]. Rheumatoid and osteoarthritis are the most prevalent forms of 

arthritis.  

2.3.1.1 Rheumatoid arthritis 

Rheumatoid is an autoimmune disorder, and results in 

inflammation and swelling in the wrists, hips, knees and feet [38].   
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2.3.1.2 Osteoarthritis 

Osteoarthritis affects over 27 million Americans, and the 

prevalence of osteoarthritis is expected to rise [39]. A survey study among Thais 

ageing in the community found that the prevalence of knee osteoarthritis in older 

people aged over 50 years, with knee ranged from 34.5% to 45.6% [40]. 

Osteoarthritis can be divided in to primary osteoarthritis (e.g. genetics and aging) 

or secondary osteoarthritis (e.g. obesity, injury, and some metabolic disorders) 

[39]. Age is a major risk factor for osteoarthritis [41]. A few studies have identified 

associated between occupations with heavy lifting and osteoarthritis [42, 43]. A 

history of previous joint injury or trauma is considered a risk factors for 

osteoarthritis. A follow up study [44] revealed that people with previous  knee 

joint injury had a 13.9% incidence rate of osteoarthritis compared to those 

without a history of injury had a 6% incidence rate. 

Osteoarthritis is the leading cause of disability in older 

people aged over 65 years[37]. The current estimates of the prevalence of arthritis 

are that over 26 million Americans have some forms of osteoarthritis [10]. 

Approximately 10-30% of people with osteoarthritis living in the United States 

have pain and disability [45]. The World Health Organization estimates that 9.5% 

among men and 17% among women ages 60 years and over worldwide have 

symptomatic radiographic osteoarthritis [46]. Progression of osteoarthritis is 

usually slow but can impact physical activity and quality of life [48]. Osteoarthritis 

is a chronic joint condition that mostly affects the cartilage and tissues around 

the joint [49]. The main symptoms of osteoarthritis are stiffness, pain and limited 

range of motion [41]. The most commonly involved joints are hips, hands, knees, 

and the cervical and lumbar spine [10]. Osteoarthritis divided into two types: 

primary and secondary types. Primary osteoarthritis is mostly related to the 

genetic and aging process. Secondary osteoarthritis occurs as a result of another 

factors (i.e. repeated trauma, injury, obesity and some metabolic disorders) [39]. 
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However, the major risk factor for osteoarthritis is age. Knee joint is most 

commonly affected by osteoarthritis in people aged 75 years and above [50]. 

2.3.1.3 Knee osteoarthritis 

In 2005, one quarter of people aged 55 years or above 

experienced knee pain over the year [51]. Risk factors associated with knee 

osteoarthritis has been divided into three groups: systemic, local and loading 

factors. Systemic factors consisted of gender, older age, genetic predispositions 

and obesity. Local risk factors consisted of mis-shaped joints, mal-alignment, 

muscle weakness and proprioceptive deficiencies.  

Osteoarthritis affect proprioception via different 

mechanisms. The joint effusion, mechanical damage or bony deformities may 

affect mechanoreceptors [52, 53], for example, inhibition of afferent fibers γ-motor 

neurons affects the sensitivity of muscle spindle [54]. In addition, osteoarthritis 

might affect accuracy of proprioceptive that may result in saturation of an 

afferent sensory neuron and reduce the ability to perform an accurate motion 

signal [56]. 

Proprioceptive deficits, pain, muscle weakness and 

altered neuromuscular control may lead to instability of the knee joint in people 

with knee osteoarthritis [57]. Self-reported knee instability was defined as the 

perception of giving way of the knee of previous three months [58]. 

Approximately 60–70% of the people with knee osteoarthritis reported of 

instability of the knee joint [59, 60, 61, 62]. Loss of muscle strength is related to 

functional instability of the knee [58].  

There have been many studies reported that people with 

knee osteoarthritis commonly generate lower maximum forces on knee extensors 

and flexors muscle [63, 64, 65, 66, 67, 68] than healthy group [69, 70]. People with arthritis 

commonly experience muscle weakness. Quadriceps muscle strength deficits in 

people with arthritis affecting the knees have been reported up to 70% [54, 69, 70]. 

In knee osteoarthritis, decrease in the mass of the muscle by avoidance of 
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activities and neuromuscular inhibition by knee pain can cause weakness of 

lower extremity muscle [69, 70].  

Loading factors consisted of repetitive physical activities 

and obesity [71]. Additionally, the increased incidence of knee osteoarthritis may 

be attributable to higher obesity rates [72]. Knee osteoarthritis can affect structures 

of the knee: lateral tibiofemoral, medial tibiofemoral, and patellofemoral [39, 51]. 

The ground reaction force during walking creates a varus alignment inside the 

knee joint. (Figure 2.1)  

The pain levels and limited movement can be affected by 

the severity level [39, 51]. The most commonly affected area is the medial part of 

tibiofemoral joint taking approximately 75% of the joint load during walking [73]. 

Particularly, the imbalance between lateral and medial compartment of the knee 

joint occurs even in normal lower limb alignment. Varus alignment shifts the 

load medially to the knee, increasing even more load through the medial 

compartment [74, 75].  

 

 

 

 



Ref. code: 25605812030517CGV

10 

 

 

 

 

High repetitive force on the knee joint during walking are 

the most factors leading to knee osteoarthritis [76, 77]. Loading of the knee joint 

during walking are not equally between the lateral and medial compartments. 

The load inside of the knee is 2.5 times greater than the lateral compartment [67]. 

This imbalance in the loads on the knee joint may explain higher knee 

osteoarthritis prevalence between medial compartment (75% of knee 

osteoarthritis) than lateral compartment (25% of knee osteoarthritis) [78]. Primary 

factors include high body weight, job, and involvement in high level sport. 

Obesity increases load and force on the knee joint during [79, 80, 81, 82].  

  

Figure 3.1 Knee joint adduction moment [2] 
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2.3.2 Osteoarthritis and falls      

Generally, pain may have a negative impact on coordination, 

muscle strength, proprioception, and postural sway, factors that further 

increasing  risk of fall-related injuries [70]. Pain, proprioception, strength and 

balance impairment associated with knee osteoarthritis, contribute to 

increased fall risk among people with knee osteoarthritis [83]. It has been 

reported that the frequency of falls in older people living in community with 

severe knee osteoarthritis is higher than the 30%, since those people have 

many risk factors such as pain , increasing age, low quality of life and 

impaired mobility [83]. Self-reported knee instability have been studied and 

shown that muscle weakness is a contributing factor to increase the incidence 

of falls in knee osteoarthritis [58, 84]. A study also reported the identification 

of knee extension strength as an predictor of falls in elderly with arthritis [85]. 

Those results were based on self-reported of older people with nonspecific 

arthritis of the lower extremity. In addition, it has been reported that knee 

extension strength was correlated with falls [83]. Loss of proprioception are 

greater in people with knee osteoarthritis [86, 87, 88, 89] which may affect balance 

and increase falls risk. The impairment of postural stability is a factor leading 

to falls in older people [91]. Falls and balance deficit tending to occur more 

frequently during walking [92]. Therefore, gait impairments in people with 

osteoarthritis are associated with risk of falls [93]. 
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2.4 Gait 

 

2.4.1 Definition 

Walking is defined as “a method of locomotion involving the 

use of the two legs, alternately, to provide support and propulsion with at 

least one foot being in contact with the ground at all times” [94]. While the 

terms of walking and gait appear to be used in the place of each other, 

describing gait as “the manner or style of walking”, rather than the process 

of walking [94].  

2.4.1.1 Gait cycle 

A gait cycle begins when the foot contact the floor and 

ending with the same foot contact the floor[94]. Gait cycle consist of stance and 

swing phase.  

 

 

 

 

Each gait cycle, 60% of the gait cycle and only 40% of 

gait cycle is represented by stance phase and swing phase [1]. Five phases of 

stance phase consists of: initial contact, loading response, mid stance, terminal 

Figure 3.2 Phases of a gait cycle [1] 
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stance and pre-swing. Swing phase is divided into three phases: initial swing, 

mid swing and terminal swing [1] (Figure 2.2).  

 

2.4.2 Gait biomechanics 

2.4.2.1 Spatiotemporal gait 

Spatiotemporal variables of gait consist of cadence, stride 

length, step length, double support time and gait speed (Figure 2.3) [94, 95]. Stride 

length is measured as the distance between heel strikes to the following heel 

strikes of the same foot, while step length is measured as the distance between 

heel strikes of the opposite foot [96]. Cadence is the number of times that foot 

contact the ground during a given amount of time. The average stride time can 

be calculated by the resulting cadence. Gait speed is determined by using the 

cadence (stride frequency) and stride length values through the equation: 

walking speed = (cadence x stride length) / 120 [94, 95]. 

 

 

 

 

2.4.2.2 Gait kinematics 

Gait kinematics is the study of the motion without 

considering the forces that caused the motion (kinetics) [94], and describes the 

gait variables in terms of angular displacements [95]. 

Figure 3.3 Gait analysis spatial terminology [1] 
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(1) Hip motion 

Normally, the full range of motion in the hip joint is 

approximately 40 degrees of motion in the sagittal plane, 9 degrees of motion in 

the coronal plane and 12 degrees of motion in the transverse plane. In quiet 

standing, using 0 degrees (zero position) as a reference point of hip extension, 

the hip reaches up to 10 degrees of extension and 30 degrees of flexion. The hip 

at initial contact is flexion to 20 degrees. During mid-stance, the hip begins 

extend until it reaches 10 degrees of extension before toe-off. Maximum flexion 

occurs during the mid-swing to ensure toe clearance [1] (Figure 2.4). 

 

 

 

 

(2) Knee motion 

The kinematics of knee movement in three planes 

involves the relative motion of tibia and femur. Normally, the full range of 

motion in the knee joint is about 70 degrees of movement in the sagittal plane, 

0-12 degrees of movement in the coronal plane and 13 degrees of movement in 

the transverse plane. At initial contact, the knee joint is slightly flexion to 5 to 

10 degrees of movement in the sagittal plane. During the onset of stance phase, 

Figure 3.4 Hip flexion and extension during healthy gait [1] 
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the knee flexes reaching approximately 20 degrees. In mid-stance, the knee 

extends from flat foot until heel off. Then, the knee flexes a second time to 7 

degrees of flexion after heel off and continues during the swing phase, reaching 

40 degrees of knee flexion in pre-swing and 60 degrees of knee flexion in initial 

swing. The knee reaches maximum just before initial contact. The peak knee 

extension is ranges from 3 degrees of hyperextension to 5 degrees of flexion [1] 

(Figure 2.5). 

 

 

 

 

(3) Ankle and foot motion 

The ankle joint is in a neutral position during initial 

contact. After initial contact, the ankle is rapid plantar flexion to approximately 

7 degrees. As the body move over the stationary foot, the ankle dorsiflexes from 

foot flat to heel-off and followed by rapid ankle plantar flexion of approximately 

20 degrees at the time of toe-off. The ankle joint returns to the neutral position 

during swing phase [1] (Figure 2.6).  

Figure 3.5 Knee flexion and extension during healthy gait [1] 
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2.4.3 Gait analysis 

Gait analyses is used to assess the effectiveness of 

interventions such as physiotherapy and surgery [98]. In order to conduct the 

gait analysis, reflective spherical markers are placed on the participant’s 

body. When the participant walks along the walkway, the markers positions 

are capture with a 3D video cameras [99]. The motion capture system consists 

of at least two video cameras. The red infrared light, reflected by the markers 

and returned to the cameras to determine the marker positions [99].  

 

2.4.3.1 Reliability of 3D gait analysis 

Multiple reliability of gait analysis studies have 

evaluated the healthy individuals [97, 98, 100, 101, 102, 103, 104]. Reliability studies have 

been done on subjects with gait pathology, such as: 

(1) Children with cerebral palsy [105, 106] 

(2) Adults with stroke [107, 108] 

(3) Adults with osteoarthritis [109, 110] 

(4) Adults with traumatic brain injury [111] 

Measurement errors and variability in 3D gait analysis 

Figure 3.6 Ankle plantar flexion and dorsiflexion during healthy gait [1] 
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can result from different sources [112] such as: 

(1) Subject 

- Laboratory setting  

- Footwear 

- Gait speed 

- Variations of gait 

 (2) System 

- Number of cameras 

- Digitizing of video analysis 

- Calibration 

(3)  Assessor 

- Anthropometric measurement 

- Marker placement 

- Different assessor 

- Identification of anatomical landmarks 

- Statistical analysis 

- Data processing 

2.4.4 Osteoarthritic gait 

The proprioception and muscle strength are the maintenance 

of vertical standing balance [118, 119] and control body motion while walking. 

If quadriceps muscle function are significantly impaired this may affect 

balance and gait in individuals with knee osteoarthritis. 

2.4.4.1 Spatiotemporal variables 

The spatiotemporal gait variables examined were 

cadence, walking speed, stance duration, stride duration and stride length. The 

studies of knee osteoarthritis versus controls have been reported that the effect 

of knee osteoarthritis on spatiotemporal gait variables are dependent on disease 

severity and suggested that those with severe knee osteoarthritis exhibited 
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significantly greater stride time than healthy controls [120, 121, 122] and reduction in 

cadence [120, 121, 122, 123]. Most studies of gait deviations in knee osteoarthritis 

showed a decrease in both of the gait speed and stride length [120, 121, 122, 123]. 

Moreover, the studies between severe and moderate knee osteoarthritis groups 

have been reported that those with severe knee osteoarthritis exhibited longer 

stride time [120, 121, 124] and reduced walking speed [66, 120, 121, 124, 125] and stride 

length [66, 120, 121, 124].  

 

2.4.4.2 Joint kinematics 

The kinematic gait variables associated with knee 

osteoarthritis during gait such as hip adduction, knee extension, knee flexion at 

initial contact and lateral trunk lean. It has been reported that subjects with 

moderate knee osteoarthritis and varus alignment showed a reduction in knee 

flexion angle during stance phase and increase knee flexion angle during initial 

contact compared with the control group [126, 127, 128]. For the control group and 

people with severe knee osteoarthritis exhibited large reductions were reported 

knee flexion excursion [129] and peak hip adduction during stance phase [121, 123, 

130]. On the other hand, it has been reported for knee extension at several different 

gait speeds between those with severe knee osteoarthritis and healthy controls 

[130]. Previous studies found no difference in lateral trunk lean [129, 131, 132], and 

knee angle between people with mild knee osteoarthritis and healthy controls 

[131].  

The gait biomechanics of people with knee 

osteoarthritis have been widely reported, although they have mainly focused 

on the frontal and sagittal planes [121, 135, 136, 137]. In level walking, the 

osteoarthritis group had 6° less peak knee flexion than the healthy group and 

cadence was also significantly reduced during walking for the osteoarthritis 

group [138]. At weight acceptance, the people with moderate medial 

compartment knee osteoarthritis had significantly smaller knee flexion and 
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greater adduction angle of the involved side than on the uninvolved side [139]. 

Two studies reported that people with bilateral knee osteoarthritis had more 

knee extension at initial contact than the control group [140, 141]. On the other 

hand, two studies reported that people with knee osteoarthritis had greater 

knee flexion at initial contact [142, 143]. Moreover, a study assessed the gait 

adaptions of the knee with early and established osteoarthritis in comparison 

with a control group. The gait analysis variables were acquired using 3D 

motion analysis. No significant differences were found in angular 

displacement between the early osteoarthritis and healthy group [144]. Early 

osteoarthritis group showed less knee adduction during stance phase and 

more knee extension in the end of stance phase than established osteoarthritis 

group.  

There are common gait features which are consistently 

shown to be significantly linked to osteoarthritis severity such as knee 

adduction moment, knee flexion angle and walking speed. Some studies have 

examined kinematic during phase-specific gait cycle and reported a 

decreased knee excursion during flexion, decreased peak knee flexion at 

stance phase and increased knee flexion at heel strike [133, 145]. Table 2.1 

summarized material and methods of gait characteristics measurements in 

people with knee osteoarthritis studies. 
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Table 3.1 Material and methods of gait characteristics measurements in people with knee osteoarthritis studies 

 

  

Authors Subjects Method Activity studied 
Flexion/ 

Extension 

Adduction/ 

Abduction 

Kaufman et al 

(2001) [138] 

139 patients knee  

osteoarthritis  and 20 

control group 

Reflective markers, 

six video cameras 

- walking 

- stair ascent 

- stair descent 

↓ peak motion - 

Briem et al 

(2009) [139] 

32 patients with medial 

knee  osteoarthritis  

(Inter-limb differences) 

Optoelectronic 

motion analysis 

- gait, stance phase 

↓ flexion ↑ adduction 

Mündermann 

et al (2005) [140] 

42 patients with medial 

knee  osteoarthritis  and 

42 control group 

Reflective markers - gait, stance phase 

↓ flexion at heel 

strike 
- 

Heiden et al 

(2009) [142] 

54 patients knee  

osteoarthritis  and 30 

control group 

Reflective cluster 

markers 

- gait, stance phase 

↑ flexion at heel 

strike 
- 
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Table 2.1 Material and methods of gait characteristics measurements in people with knee osteoarthritis studies (Cont.) 

 

Authors Subjects Method Activity studied 
Flexion/ 

Extension 

Adduction/ 

Abduction 

Deluzio et al 

(2007) [146] 

50 patients knee  

osteoarthritis  and 63 

control group 

Optoelectronic 

system 

gait 

↓ flexion - 

Nagano et al 

(2012) [141] 

45 patients knee  

osteoarthritis  and 13 

control group 

Reflective cluster 

markers 

gait, foot contact 

and 50% of stance 

phase 

↓ flexion ↓ abduction 

Childs et al 

(2004) [143] 

24 patients knee  

osteoarthritis and 24 

control group 

Electromagnetic 

motion analysis 

system 

gait, stance phase 
↑ flexion at heel 

strike 
- 

Landry et al 

(2007) [131] 

41 patients knee  

osteoarthritis and 43 

control group 

Optoelectronic 

system 

gait 

- - 
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Table 2.1 Material and methods of gait characteristics measurements in people with knee osteoarthritis studies (Cont.) 

 

Authors Subjects Method Activity studied 
Flexion/ 

Extension 

Adduction/ 

Abduction 

Baert et al 

(2013) [147] 

14 female early knee  

osteoarthritis, 12 female 

established knee  

osteoarthritis  and 14 

female control group 

3D motion analysis 

(LED) 

gait 

↓ extension in 

stance 
↑ adduction 
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4. CHAPTER 3 

RESEARCH METHODOLOGY 

 

This chapter details the methodology that was used for investigating the 

gait characteristics in older people with knee osteoarthritis, especially when associated 

with falls. The target of population, inclusion and exclusion criteria, number of the 

participants, and measures and measurement procedures are also described in detail in 

this chapter.  

 

3.1 Participants  

 

The inclusion and exclusion criteria of the older people with and without 

knee osteoarthritis group are as follows. 

 

3.1.1 Older people with knee osteoarthritis group 

3.1.1.1 Inclusion criteria 

(1) People aged 60 years and over who had a diagnosis of 

knee osteoarthritis. 

(2) Able to walk independently for at least 10 meters. 

3.1.1.2 Exclusion criteria 

(1) No history of lower limb joint replacement 

(2) No history of neurological disorders  

(3) No history of previous knee operation 

(4) No history intra-articular injection in the previous six 

months 

(5) No history of musculoskeletal or cardiopulmonary 

disorders that could limit walking ability. 

 

3.1.2 Older people without knee osteoarthritis group 

3.1.2.1 Inclusion criteria 

(1) People aged 60 years and over  
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(2) Able to walk independently for at least 10 meters. 

3.1.2.2 Exclusion criteria 

(1) No history of lower limb joint replacement 

(2) No history of neurological disorders  

(3) No history of previous knee operation 

(4) No history of musculoskeletal or cardiopulmonary 

disorders that could limit walking ability. 

 

3.2 Sample size 

 

The formula for estimating sample size is given as: 

 

n = (
r + 1

r
)
σ2(Zβ + Zα

2
)2

(difference)2
 

 

 n = Sample size in the osteoarthritis group.  

 (
r+1

r
) = Ratio of older people without knee osteoarthritis to older people with knee 

osteoarthritis group. (r=1 equal number of cases and controls) 

 Z𝛼 = Represents the desired level of statistical significance (For 0.05 significance level, 

Z𝛼=1.96).  

 Zβ = Represents the desired power (For 80% power, Zβ= .84). 

 𝜎2 = Standard deviation of the outcome variable (𝜎2=5.56) [126] 

 (difference)2 = Effect size (the difference in means) [126] 

n = (1)
5.65(0.84 + 0.98)2

(0.88)2
 

 

n = 24/ group 

Number of participants = 48 (24 cases, 24 controls) would be required for the study. 
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3.3 Instrumentation 

 

Assessments consisted of following measurements: i) history of falls; ii) 

gait characteristics (kinematic and spatiotemporal data); and iii) WOMAC (knee pain, 

stiffness and functional ability). The information of each measure is detailed in the 

section below. 

 

3.3.1 Data collection forms  

3.3.1.1 The demographic variables data form 

The demographic variables included age, sex, marital status, 

education, employment, underlying disease and medication. 

3.3.1.2 The physical examination 

(1) Proprioception was measured by the ACUMARTM digital 

inclinometer. The absolute angular error was used for measurement of joint position 

sense. The absolute angular error is the difference between the reposition angle and the 

target angle. The digital inclinometer was placed on the lateral ridge of the femur and 

tibia. The testing was performed in the sitting position. The starting position was 

performed in full knee extension. The participants were instructed to close their eyes, 

and extend their knee to full range of motion and then slowly bend the knee at the target 

angles of 30° and 80°. This angle was held for 5 seconds, during each time the 

participants were instructed to remember the joint position. Then, the participants 

returned to the starting position, and held for 5 seconds before reposition to the target 

angle. The participants replaced their leg to where they believed is the target angle and 

this angle is the reposition angle. The absolute angular error was calculated as the 

difference between the target angle and reposition angles. The absolute angular error of 

each target angle was measured three times and the mean value of the three 

measurements was used in the analysis. 

(2) Muscle strength was measured using the hand held 

dynamometer (HHD). The participants seated on a chair in an upright position. Their 

hips and knees were positioned at 90° flexion. The HHD was applied on the anterior 

aspect of the tibia, 5 cm proximal of the lateral malleolus [148]. Each participant 

performed four trials that consisted of one warm-up and three maximal isometric knee 
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contractions for both flexion and extension. Each contraction was held for five second. 

The mean of three maximal isometric knee contractions measures was calculated. The 

testing was performed on the uninvolved leg, followed by the involved leg. One minute 

of rest was taken between each trial.  

3.3.1.3 The history of falls data form 

History of self-reported falls were collected using the record 

form related to frequency of falls, activities prior to falling, causes of falls, perceived 

cause and injuries sustained from falls [19, 149].  

3.3.1.4 The Western Ontario McMaster Universities 

Osteoarthritis Index (WOMAC) 

The Western Ontario McMaster Universities Osteoarthritis 

Index (WOMAC) is a self-reported of joint pain, joint stiffness, and physical function 

disability in people with knee osteoarthritis. The questionnaire is self-administered with 

24 questions divided into 3 subscales: joint pain (5 items), stiffness (2 items) and 

physical function disability (17 items). Each score will be summed to produce a total 

scores for each subscale: pain (0-45), stiffness (0-18), and functional ability (0-153). 

The WOMAC is an evaluation tool for the people with knee osteoarthritis [150, 151, 152, 

153].  

The WOMAC index was translated into Thai language 

following standard guidelines, back-translated, tested for validity and reliability, and 

then modified. Two items of the WOMAC (items F05 and F12) that had an ICV of 0 

were removed from the questionnaire [154]. 

3.3.2 Gait analysis 

The data were collected using the VICONTM Motion System. 

Instrument and materials consist of: 

- Eight video cameras 

- Calibration wand (L-frame) 

- Thirty-five reflective spherical markers (1.4 cm diameter) 

- Double-side tape 

- Anthropometric measurements data form 

- Vernier caliper 

- Tape measure  
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3.4 Outcome measures 

 

3.4.1 Primary outcomes 

3.4.1.1 Spatiotemporal data 

Variables comparing between the older people with and 

without knee osteoarthritis group consist of: 

- Cadence (steps/min) 

- Step length (m) 

- Step time (s) 

- Stride length (m) 

- Stride time (s) 

- Gait velocity (m/s) 

- Single support time (s) 

- Double support time (s) 

3.4.1.2 Kinematic data 

Angular displacement of the hip, knee, and ankle were 

measured at the initial contact, mid stance, toe off and mid swing events. 

3.4.1.3 History of self-reported falling 

A questionnaire that questions the data related to frequency 

of falls, activities prior to falling, causes of falls, perceived cause and injuries sustained 

from falls. 

3.4.2 Secondary outcome measures  

3.4.2.1 The modified Thai Western Ontario McMaster Universities 

Osteoarthritis index (WOMAC)  

The questionnaire is a self-reported of joint pain, joint 

stiffness, and physical function disability in people with knee osteoarthritis [154]. 

 

3.5 Procedure 

 

Each participant were invited to the motion laboratory, Faculty of Allied 

Health Sciences, Thammasat University for gait and falls assessment. The 

researcher informed participants for the aim, procedures, risks and benefits of the 
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study before participating in this study.  

 

3.5.1 Physical examination  

Researcher recorded the demographic data and assessed 

proprioception and muscle strength.  

3.5.2 Preparing participants for marker placement 

Before collecting data, participants were asked to change their 

clothes and remove their accessories. Participants were then asked to wear a black 

tank top and short pants. 

 

3.5.2.1 Anthropometric data measurements 

Anthropometric data including body weight, height, shoulder 

offset, elbow width, wrist width, hand thickness, leg length, knee width and ankle width 

were measured prior to marker attachment as shown in Table 3.1.  
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Table 4.1 Plug-in gait full body models 

 

Subject Required Measurements optional 

General 
Body mass (kg) Subject mass 

Height (mm) Subject height 

Upper body 

 

Elbow width (mm) 

The distance between the medial and 

lateral epicondyles of the humerus. (Width 

of elbow along frontal axis) 

Hand thickness (mm) 
The thickness between the dorsum and 

palmar surfaces of the hand. 

Shoulder offset (mm) 

The distance between base of the acromion 

process to shoulder joint center. 

Wrist width (mm) 
Anterior/Posterior thickness of wrist at 

position where wrist marker bar is attached. 

Lower body 

Inter-ASIS distance 

(mm) 

The distance between the left ASIS and 

right ASIS. This measurement is only 

needed when markers cannot be placed 

directly on the ASIS, for example, in obese 

people. 

Ankle width (mm) 

The medio-lateral distance across the 

malleoli. Measure in standing position, if 

possible. 

Knee width (mm) 

The medio-lateral width of the knee across 

the line of the knee axis. Measure in 

standing position, if possible. 

Leg length (mm) 

The distance between the ASIS marker and 

the medial malleolus, via the knee joint. 

Measure in standing position, if possible.  
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3.5.2.2 Marker placement 

Thirty-five reflective spherical markers were attached on 

participants’ body as shown in Table 3.2 and Figure 3.1. 

 

Table 4.2 Marker placement 

Marker 

label 
Definition Position on participant 

Head marker  

1. LFHD Left front head 

Left temple (the side of the head behind the 

eyes. The bone beneath is the temporal bone as 

well as part of the sphenoid bone.) 

2. RFHD Right front head 

Right temple (the side of the head behind the 

eyes. The bone beneath is the temporal bone as 

well as part of the sphenoid bone.) 

3. LBHD Left back head 
Left back of the head, in a horizontal plane of 

the front head markers. 

4. RBHD Right back head 
Right back of the head, in a horizontal plane of 

the front head markers. 

Torso marker 

5. C7 
7th cervical 

vertebrae 

On the spinous process of the 7th cervical 

vertebra 

6. T10 
10th thoracic 

vertebra 

On the spinous process of the 10th thoracic 

vertebra 

7. CLAV Clavicle 
On the jugular notch where the clavicles meet 

the sternum 
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Table 3.2 Marker placement (Cont.) 

 

 

 

 

 

 

 

 

Marker 

label 
Definition Position on  participant 

8. STRN Sternum On the xiphoid process of the sternum 

9. RBAK Right back 

Anywhere over the right scapula (This marker 

has no equivalent marker on the left side. This 

asymmetry helps the auto labeling routine 

determine right from left on the subject.) 

Upper limb markers 

10. LSHO Left shoulder 

On the acromio-clavicular joint 

11. RSHO Right shoulder 

12. LELB Left elbow 
On the lateral epicondyle approximating the 

elbow joint axis 
13. RELB Right elbow 

14. 

LWRA 
Left wrist marker A At the thumb side of a bar attached to a 

wristband on the posterior of the wrist, as close 

to the wrist joint center as possible.  
15. 

RWRA 

Right wrist marker 

A 
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Table 3.2 Marker placement (Cont.) 

 

Marker 

label 
Definition Position on participant 

16. LWRB Left wrist marker B 
At the little finger side of a bar attached to a 

wristband on the posterior of the wrist, as close 

to the wrist joint center as possible.  17. RWRB Right wrist marker B 

18. LFIN Left finger 
Just proximal to the middle knuckle on the 

hand 
19. RFIN Right finger 

Lower body markers 

20. LASI Left ASIS Left anterior superior iliac spine 

21. RASI Right ASIS Right anterior superior iliac spine 

22. LPSI Left PSI 

Left posterior superior iliac spine 

(immediately below the sacro-iliac joints, at 

the point where the spine joins the pelvis) 

23. RPSI Right PSI 

Right posterior superior iliac spine 

(immediately below the sacro-iliac joints, at 

the point where the spine joins the pelvis) 

24. LTHI Left thigh 
Over the lower lateral 1/3 surface of the thigh 

in line with the hip and knee joint centers 
25. RTHI Right thigh 
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Table 3.2 Marker placement (Cont.) 

 

Marker 

label 
Definition Position on participant 

26. LKNE Left knee 

On the flexion-extension axis of the knee 

27. RKNE Right knee 

28. LTIB Left tibia 

Over the lower 1/3 surface of the shank 

29. RTIB Right tibia 

30. LANK Left ankle 

On the lateral malleolus  

31. RANK Right ankle 

32. LHEE Left heel 
On the calcaneus at the same height above the 

plantar surface of the foot as the toe marker. 
33. RHEE Right heel 

34. LTOE Left toe 
Over the second metatarsal head, on the mid 

foot side of the equinus break between forefoot 

and mid-foot. 35. RTOE Right toe 
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3.5.3 Data collection 

3.5.3.1 Plug-in Gait static trial 

All participants were asked to stand in the comfortable 

position with arms extended by their side and looking straight ahead. Data were 

collected by eight video camera of VICONTM Motion System for ten seconds. 

  

Figure 4.1 Plug-in-Gait model (Adapted from VICONTM, Polygon manual) 

 



Ref. code: 25605812030517CGV

35 

 

 

3.5.3.2 Walking data collection 

Participants were asked to walk with bare feet at self-selected 

speeds along the 10 meters walkway (Figure 3.2). Researcher walked along the 

participants to prevent falling or accidental situations. Three successful walking trials 

were collected. The diagram shows the process of data collection (Figure 3.3). 

 

 

 

 

 

 

 

 

 

 

Figure 4.2 The diagram of the motion laboratory at the Faculty of Allied Health 

Sciences, Thammasat University. 
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3.6 Statistical analyses 

 

First, Kolmogorov-Smirnov statistic was used to determine data normal 

distribution. To compare demographics data (e.g., age, height, and weight), WOMAC 

score and gait characteristics (e.g., kinematic and spatiotemporal data) between control 

and osteoarthritis groups, the independent t-test was used if the data are normally 

distributed or Mann-Whitney was used if the data were not normally distributed. Point 

biserial correlation was used to measure the correlation between gait characteristics 

(kinematic and spatiotemporal data) and history of falls in older people with knee 

osteoarthritis. The SPSS statistics version 17 was used for data analysis. The significant 

level (α) was set at p < 0.05. 

Figure 4.3 The diagram shows the potential process of data collection. 
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5. CHAPTER 4 

RESULTS  

 

4.1 Participant characteristics 

 

Twenty-four participants with knee osteoarthritis (mean age 66.21 years, 

range 60-84 years) and 24 healthy older people (mean age 65.67 years, range 60-80 

years) were recruited. The demographic and clinical characteristics of the participants 

are shown in Table 4.1. No significant differences were observed between groups 

regarding gender, age, weight, height, BMI or number of medication. All participants 

with osteoarthritis were categorized as having mild to moderate pain and physical 

disability. Knee joint position sense of the osteoarthritis group was significantly worse 

than the control group and knee extension force of the osteoarthritis group were 

significantly poorer than the control group. There was no significant difference to the 

number of fallers between groups. 
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Table 5.1 Comparison of means and standard deviations of participant characteristics 

between participants with osteoarthritis and control group 

 

Characteristics 
Osteoarthritis 

(n=24) 

Controls 

(n=24) 
p-value 

Gender (male: female), (n) 6:18 7:17 0.748 

Mean age (years) 66.21 ± 6.53 65.67 ± 4.68 0.992 

Mean weight (kg) 62.66 ± 11.51 62.50 ± 9.55 0.893 

Mean height (cm) 152.45 ± 6.74 154.66 ± 7.86 0.302 

Mean BMI (kg/m2) 27.03 ± 4.95 26.10 ± 3.27 0.448 

Number of medical condition, 

median (range) 
2 (4) 1 (4) 0.036* 

Number of medication,  

median (range) 
1 (4) 1 (3) 0.755 

Painful knee, n (%) 

- Left side 

- Right side  

 

11 (45.8) 

13 (54.2) 

 

- 

- 

- 

Leg dominant pain, n (%) 

- Dominant side 

- Non-dominant side 

 

13 (54.2) 

11 (45.8) 

- 

- 
- 

Knee joint position sense  

(error angle (°)) 
8.61 ± 3.16 2.41 ± 9.88 ˂0.01* 

Knee extension force (N) 261.11 ± 14.58 266.14 ± 48.06 ˂0.01* 

Mean modified WOMAC score 

- Pain 

- Stiffness 

- Function 

- Total scores 

 

18.58 ± 7.27 

6.12 ± 4.12 

44.38 ± 18.84 

69.08 ± 25.51 

 

0.67 ± 1.43 

0.38 ± 1.13 

1.13 ± 3.16 

2.17 ± 5.43 

 

˂0.01* 

˂0.01* 

˂0.01* 

˂0.01* 

Faller, n (%) 1 (4.2%) 4 (16.7%) 0.161 

Number of falls in previous 1 

month, n (%) 

- One falls 

 

 

- 

 

 

1 (4.2%) 

 

0.317 
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Table 5.2 Comparison of means and standard deviations of participant characteristics 

between participants with osteoarthritis and control group (Cont.) 

 

Characteristics 
Osteoarthritis 

(n=24) 

Controls 

(n=24) 
p-value 

Number of falls in previous 6 

months, n (%) 

- One falls 

 

 

- 

 

 

1 (4.2%) 

 

0.317 

Number of falls in previous 12 

months, n (%) 

- One falls 

- Two falls 

 

 

- 

1 (4.2%) 

 

 

1 (4.2%) 

1 (4.2%) 

 

0.572 

Causes of falls  

- Tripped  

- Missed curb or step  

- Slipped 

 

- 

1 (4.2%) 

- 

 

2 (8.3%) 

- 

2 (8.3%) 

 

 

0.161 

Activity during falls 

- Walking 

- Climbing stairs 

 

- 

1 (4.2%) 

 

4 (16.17%) 

- 

 

 

Injuries during falls 

- No injury  

- Contusions/ abrasions 

 

1 (4.2%) 

- 

 

1 (4.2%) 

3 (12.5%) 

 

0.145 

Falls witness 1 (4.2%) - 0.139 

Seeing a doctor after falls 1 (4.2%) 1 (4.2%) 0.145 

Falls direction 

- Front  

- Back 

 

- 

1 (4.2%) 

 

2 (8.3%) 

2 (8.3%) 

 

0.173 

Note: *= Significant difference between participants with osteoarthritis and the control 

group at p-value ˂ 0.05 

             WOMAC: The Western Ontario and McMaster Universities Osteoarthritis 

Index (maximum score = 120) (higher score implies severe osteoarthritis) 
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4.2 Comparisons of gait characteristics (spatiotemporal variables and kinematics 

data) between older people with and without knee osteoarthritis 

 

4.2.1 Spatiotemporal variables 

Spatiotemporal variables were compared between participants with 

osteoarthritis and the control group. Mean values and standard deviations of 

spatiotemporal variables including velocity, cadence, step length, stride length, step 

time, stride time, single support time and double support time are shown in Table 4.2. 

There were significant differences in all variables between participants with 

osteoarthritis and the control group. Velocity, cadence, step length, single support time 

and stride length of the osteoarthritis group were significantly less than the control 

group, whereas step time, stride time and double support time of the osteoarthritis group 

were significantly greater than the control group. 

 

Table 5.3 Comparison of means and standard deviations of spatiotemporal variables 

between participants with osteoarthritis and the control group 

 

Variables 
Osteoarthritis 

(n=24) 

Controls 

(n=24) 
p-value 

Velocity (m/sec) 0.85 ± 0.16 1.02 ± 0.16 0.001* 

Cadence (step/min) 100.84 ± 12.23 108.45 ± 9.12 0.025* 

Step time (sec) 0.60 ± 0.07 0.55 ± 0.04 0.019* 

Step length (m) 0.50 ± 0.06 0.57 ± 0.09 0.003* 

Stride time (sec) 1.21 ± 0.15 1.11 ± 0.11 0.024* 

Stride length (m) 1.01 ± 0.10 1.13 ± 0.14 0.003* 

Single support time (% cycle)  31.92 ± 2.70 33.39 ± 2.37 0.039* 

Double support time (% cycle) 36.02 ± 5.58 32.82 ± 4.55 0.043* 

 

Note: *= Significant difference at p-value ˂ 0.05 
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4.2.2 Gait kinematics (degrees) 

Number of participants showed the different trends of the angular 

displacement of hip, knee and ankle in all three planes of movement during initial 

contact, mid stance, toe off and mid swing events are shown in Table 4.3.  

 

Table 5.4 Number of participants showed the different trends of the angular 

displacement of hip, knee and ankle in all three planes of movement during initial 

contact, mid stance, toe off and mid swing events 

 

Event Joint Action 
Osteoarthritis 

Mean ± SD (n) 

Controls 

Mean ± SD (n) 

Initial 

contact 

Hip 

 

Flexion (+)  31.86 ± 6.04 (24) 29.90 ± 6.17 (24) 

Extension (-) - - 

Adduction (+) 2.42 ± 2.55 (4) 0.73 ± 1.04 (5) 

Abduction (-) -4.16 ± 2.00 (20) -3.09 ± 2.62 (19) 

Internal (+) 8.97 ± 8.48 (3) 2.17 ± 3.34 (4) 

External rotation (-) -10.20 ± 12.41 (21) -5.97 ± 2.62 (20) 

Knee 

Flexion (+) 7.73 ± 4.56 (22) 4.31 ± 2.92 (21) 

Extension (-) -6.84 ± 2.56 (2) -1.23 ± 1.08 (3) 

Varus (+) 6.10 ± 3.38 (20) 3.42 ± 2.57 (13) 

Valgus (-) -1.78 ± 1.54 (4) -1.44 ± 1.52 (11) 

Internal (+) - - 

External rotation (-) -12.64 ± 5.41 (24) -8.32 ± 3.38 (24) 

Ankle 

Dorsiflexion (+) 6.96 ± 4.78 (22) 5.52 ± 2.62 (23) 

Plantarflexion (-) -3.54 ± 4.82 (2) -1.40 (1) 

Inversion (+) 3.43 ± 1.97 (6) 1.02 (1) 

Eversion (-) -3.79 ± 2.66 (18) -4.26 ± 2.17 (23) 

Internal (+) 1.42 ± 2.36 (4) 0.67 ± 1.19 (5) 

External rotation (-) -3.16 ± 2.40 (20) -2.09 ± 2.62 (19) 
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Table 5.5 Number of participants showed the different trends of the angular 

displacement of hip, knee and ankle in all three planes of movement during initial 

contact, mid stance, toe off and mid swing events (Cont.) 

 

Event Joint Action 
Osteoarthritis 

Mean ± SD (n) 

Controls 

Mean ± SD (n) 

Mid 

stance 

Hip 

 

Flexion (+)  11.35 ± 4.70 (23) 7.25 ± 3.27 (21) 

Extension (-) -2.41 (1) -1.40 ± 1.58 (3) 

Adduction (+) 3.77 ± 2.15 (17) 4.32 ± 2.15 (24) 

Abduction (-) -5.32 ± 3.45 (7) - 

Internal (+) 7.065 ± 8.41 (8) 3.16 ± 2.19 (4) 

External rotation (-) -14.54 ± 8.27 (16) -5.14 ± 3.37 (20) 

Knee 

Flexion (+) 11.14 ± 5.87 (21) 8.48 ± 3.49 (24) 

Extension (-) -10.59 ± 13.41 (3) - 

Varus (+) 7.19 ± 3.98 (20) 3.82 ± 3.12 (16) 

Valgus (-) -1.47 ± 0.79 (4) -1.43 ± 1.13 (8) 

Internal (+) 2.21 (1) - 

External rotation (-) -10.21 ± 8.52 (23) -7.99 ± 4.74 (24) 

Ankle 

Dorsiflexion (+) 12.68 ± 4.07 (23) 11.91 ± 3.28 (24) 

Plantarflexion (-) -0.11 (1) - 

Inversion (+) 2.75 ± 3.01 (7) 0.76 ± 0.84 (4) 

Eversion (-) -4.15 ± 1.56 (17) -3.68 ± 1.79 (20) 

Internal (+) 2.91 ± 2.49 (8) 1.35 ± 0.96 (5) 

External rotation (-) -2.15 ± 2.85 (16) -3.11 ± 2.26 (19) 

Toe off 
Hip 

 

Flexion (+)  5.73 ± 3.50 (11) 5.06 ± 3.37 (6) 

Extension (-) -6.07 ± 4.19 (13) -6.38 ± 4.32 (18) 

Adduction (+) 0.71 (1) 2.19 (1) 

Abduction (-) -6.37 ± 3.48 (23) -5.74 ± 2.66 (23) 

Internal (+) 3.32 ± 1.91 (9) 6.83 ± 5.75 (6) 

External rotation (-) -6.40 ± 3.33 (15) -8.55 ± 6.08 (18) 
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Table 5.6 Number of participants showed the different trends of the angular 

displacement of hip, knee and ankle in all three planes of movement during initial 

contact, mid stance, toe off and mid swing events (Cont.) 

 

Event Joint Action 
Osteoarthritis 

Mean ± SD (n) 

Controls 

Mean ± SD (n) 

Toe off 

Knee 

Flexion (+) 36.09 ± 7.67 (24) 38.19 ± 3.35 (24) 

Extension (-) - - 

Varus (+) 8.94 ± 4.54 (15) 5.00 ± 5.00 (18) 

Valgus (-) -6.94 ± 4.93 (9) -6.54 ± 2.92 (6) 

Internal (+) 2.42 ± 2.85 (3) 4.47 (1) 

External rotation (-) -10.95 ± 5.91 (21) -10.44 ± 4.37 (23) 

Ankle 

Dorsiflexion (+) 5.84 ± 4.12 (9) - 

Plantarflexion (-) -7.47 ± 4.98 (15) -9.64 ± 5.14 (24) 

Inversion (+) 4.12 ± 2.44 (5) 1.39 ± 0.70 (3) 

Eversion (-) -3.79 ± 2.33 (19) -2.75 ± 1.66 (21) 

Internal (+) 1.73 ± 1.98 (15) 1.00 ± 2.42 (18) 

External rotation (-) -1.38 ± 1.61 (9) -1.88 ± 2.51 (6) 

Mid 

swing 

Hip 

 

Flexion (+)  23.04 ± 5.32 (24) 23.58 ± 6.68 (24) 

Extension (-) - - 

Adduction (+) 2.44 ± 2.02 (2) - 

Abduction (-) -5.19 ± 3.37 (22) -4.97 ± 2.37 (24) 

Internal (+) 8.34 ± 5.47 (10) 3.58 ± 2.10 (14) 

External rotation (-) -10.19 ± 8.50 (14) -5.35 ± 3.47 (10) 

Knee 

Flexion (+) 55.58 ± 6.10 (24) 55.36 ± 3.99 (24) 

Extension (-) - - 

Varus (+) 8.85 ± 6.03 (17) 6.87 ± 4.06 (18) 

Valgus (-) -8.71 ± 5.67 (7) -5.87 ± 4.94 (6) 

Internal (+) 3.15 ± 1.78 (4) 2.63 ± 2.02 (4) 

External rotation (-) -9.02 ± 5.86 (20) -8.70 ± 3.45 (20) 
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Table 5.7 Number of participants showed the different trends of the angular 

displacement of hip, knee and ankle in all three planes of movement during initial 

contact, mid stance, toe off and mid swing events (Cont.) 

 

Event Joint Action 
Osteoarthritis 

Mean ± SD (n) 

Controls 

Mean ± SD (n) 

Mid 

swing 
Ankle 

Dorsiflexion (+) 7.55 ± 4.39 (24) 7.57 ± 2.58 (22) 

Plantarflexion (-) - -0.69 ± 0.34 (2) 

Inversion (+) 3.09 ± 3.38 (13) 2.19 ± 1.44 (10) 

Eversion (-) -2.06 ± 1.27 (11) -0.75 ± 0.81 (14) 

Internal (+) 3.49 ± 1.17 (6) 2.63 ± 2.33 (6) 

External rotation (-) -8.36 ± 4.29 (18) -7.20 ± 2.18 (18) 

 

Figure 4.1 demonstrates the angular displacements of hip, knee, ankle 

in the coronal, sagittal and horizontal planes of participants with osteoarthritis and the 

control group. The osteoarthritis group showed significantly greater sagittal hip motion 

(flexion) and less coronal hip motion (adduction) than the control group at midstance 

phase (30% of the gait cycle). Significantly greater movement of knee joint in all three 

planes (flexion, varus, external rotation) was observed in the osteoarthritis group 

compared with the control group at initial contact phase (0% of the gait cycle). At 

approximately 30% gait cycle, the osteoarthritis group demonstrated a significantly 

higher degree of knee varus and knee external rotation than the control group. Lesser 

ankle motions were demonstrated in the sagittal plane (plantar flexion) at toe-off (60% 

of the gait cycle) and in the coronal plane (abduction) at initial contact (0% of the gait 

cycle) of the osteoarthritis group compared with the control group. 
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Figure 5.1 Angular displacements of hip, knee, ankle in the coronal, sagittal and 

horizontal planes of participants with osteoarthritis and the control group 

 

Comparisons of angular displacements of hip, knee and ankle joints 

in sagittal, coronal and horizontal planes between participants with osteoarthritis and 

the control group at initial contact are shown in Table 4.4. The positive and negative 

signs represent the direction of motion corresponding to the plane of movement. At 

initial contact, there was a significant difference in angular displacement of knee joint 

in sagittal, coronal and horizontal planes and ankle joint in the coronal plane between 

participants with osteoarthritis and the control group. The results showed significant 

differences of knee joint angular displacements in participants with knee osteoarthritis 

comparing to the control group such as greater knee flexion, knee varus and knee 

external rotation and less ankle eversion. 

 

 



Ref. code: 25605812030517CGV

46 

 

 

Table 5.8 Comparisons of means and standard deviations of gait kinematics between 

participants with osteoarthritis and the control group at initial contact 

 

Variables Osteoarthritis 

(n=24) 

Controls 

(n=24) 
p-value 

Event Joint Action 

Initial 

contact 

Hip 

Flexion (+) /  

Extension (-) 
31.86 ± 6.04 29.90 ± 6.17 0.272 

Adduction (+) / 

Abduction (-) 
-3.07 ± 3.23 -2.29 ± 2.84 0.385 

Internal (+) /  

External rotation (-) 
-7.80 ± 13.50 -4.61 ± 4.09 0.277 

Knee 

Flexion (+) /  

Extension (-) 
6.52 ± 6.02 3.62 ± 3.32 0.045* 

Varus (+) /  

Valgus (-) 
4.79 ± 4.33 1.19 ± 3.25 0.002* 

Internal (+) /  

External rotation (-) 
-12.64 ± 5.41 -8.32 ± 3.38 ˂ 0.001* 

Ankle 

Dorsiflexion (+) / 

Plantarflexion (-) 
6.08 ± 5.54 5.23 ± 2.92 0.508 

Inversion (+) /  

Eversion (-) 
-1.98 ± 4.03 -4.04 ± 2.38 0.038* 

Internal (+) /  

External rotation (-) 
-2.80 ± 3.35 -2.06 ± 3.12 0.783 

 

Note: *= Significant difference at p-value ˂ 0.05 

 

Comparisons of angular displacements of hip, knee and ankle joints 

in sagittal, coronal and horizontal planes between participants with osteoarthritis and 

the control group at mid stance are shown in Table 4.5. At mid stance, there was a 

significant difference in angular displacement of hip joint in sagittal and coronal planes 

and knee joint in coronal and horizontal planes between participants with osteoarthritis 

and the control group. The results showed significant differences of hip joint angular 

displacements in participants with knee osteoarthritis comparing to the control such as 

greater hip flexion, knee varus and knee external rotation and less hip adduction. 
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Table 5.9 Comparisons of means and standard deviations of gait kinematics between 

participants with osteoarthritis and the control group at mid stance 

 

Variables Osteoarthritis 

(n=24) 

Controls 

(n=24) 
p-value 

Event Joint Action 

Mid 

stance 

Hip 

Flexion (+) /  

Extension (-) 
10.78 ± 5.39 6.17 ± 4.25 0.002* 

Adduction (+) / 

Abduction (-) 
1.11 ± 4.91 4.32 ± 2.15 0.019* 

Internal (+) /  

External rotation (-) 
-7.14 ± 13.43 -3.76 ± 4.66 0.254 

Knee 

Flexion (+) /  

Extension (-) 
8.42 ± 9.98 8.48 ± 3.49 0.509 

Varus (+) /  

Valgus (-) 
5.75 ± 4.90 2.06 ± 3.63 0.005* 

Internal (+) / 

External rotation (-) 
-10.44 ± 9.14 -7.99 ± 4.74 0.041* 

Ankle 

Dorsiflexion (+) / 

Plantarflexion (-) 
12.15 ± 4.76 11.91 ± 3.28 0.839 

Inversion (+) / 

Eversion (-) 
-2.14 ± 3.78 -2.94 ± 2.36 0.773 

Internal (+) /  

External rotation (-) 
-2.38 ± 3.49 -1.43 ± 3.12 0.668 

 

Note: *= Significant difference at p-value ˂ 0.05 

 

Comparisons of angular displacements of hip, knee and ankle joints 

in sagittal, coronal and horizontal planes between participants with osteoarthritis and 

control group at toe off are shown in Table 4.6. At toe off, there was a significant 

difference in angular displacement of ankle joint in the sagittal plane between 

participants with osteoarthritis and the control group. The results showed significant 

differences of ankle joint angular displacements in participants with knee osteoarthritis 

comparing to the control. Less ankle plantarflexion was found in the osteoarthritis 

group. 
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Table 5.10 Comparisons of means and standard deviations of gait kinematics between 

participants with osteoarthritis and the control group at toe off 

 

Variables Osteoarthritis 

(n=24) 

Controls 

(n=24) 
p-value  

Event Joint Action 

Toe 

off 

Hip 

Flexion (+) /  

Extension (-) 
-2.66 ± 7.11 -3.52 ± 6.47 0.152 

Adduction (+) / 

Abduction (-) 
-6.08 ± 3.69 -5.41 ± 3.06 0.498 

Internal (+) /  

External rotation (-) 
-2.75 ± 5.58 -4.70 ± 8.99 0.372 

Knee 

Flexion (+) /  

Extension (-) 
36.09 ± 7.67 38.19 ± 3.35 0.229 

Varus (+) /  

Valgus (-) 
2.98 ± 9.09 2.11 ± 6.81 0.710 

Internal (+) /  

External rotation (-) 
-9.28 ± 7.17 -9.95 ± 4.91 0.196 

Ankle 

Dorsiflexion (+) / 

Plantarflexion (-) 
-2.48 ± 8.02 -9.64 ± 5.14 0.001* 

Inversion (+) /  

Eversion (-) 
--2.14 ± 4.00 -2.23 ± 2.10 0.925 

Internal (+) /  

External rotation (-) 
0.17 ± 4.65 0.45 ± 4.22 0.785 

 

Note: *= Significant difference at p-value ˂ 0.05 

 

Comparisons of angular displacements of hip, knee and ankle joints in 

sagittal, coronal and horizontal planes between participants with osteoarthritis and 

control group at mid swing are shown in Table 4.7. In swing period, there were no 

significant differences between groups in mean values of angular displacement of hip, 

knee and ankle joints at mid swing. 
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Table 5.11 Comparisons of means and standard deviations of gait kinematics between 

participants with osteoarthritis and the control group at mid swing 

 

Variables Osteoarthritis 

(n=24) 

Controls 

(n=24) 
p-value  

Event Joint Action 

Mid 

swing 

Hip 

Flexion (+) /  

Extension (-) 
23.04 ± 5.32 23.58 ± 6.68 0.758 

Adduction (+) / 

Abduction (-) 
-4.55 ± 3.90 -4.97 ± 2.37 0.726 

Internal (+) /  

External rotation (-) 
-2.47 ± 11.82 -0.13 ± 5.24 0.383 

Knee 

Flexion (+) / 

Extension (-) 
55.58 ± 6.10 55.36 ± 3.90 0.880 

Varus (+) /  

Valgus (-) 
3.27 ± 10.01 3.69 ± 7.02 0.853 

Internal (+) /  

External rotation (-) 
-6.99 ± 7.09 -6.81 ± 5.38 0.921 

Ankle 

Dorsiflexion (+) / 

Plantarflexion (-) 
7.55 ± 4.9 6.88 ± 3.40 0.853 

Inversion (+) / 

Eversion (-) 
0.73 ± 3.68 0.47 ± 1.84 0.635 

Internal (+) /  

External rotation (-) 
-6.20 ± 4.12 -6.48 ± 4.53 0.742 

 

Note: *= Significant difference at p-value ˂ 0.05 

 

4.3 Correlations between gait characteristics (spatiotemporal variables and gait 

kinematics) and history of falls in participants with osteoarthritis 

 

Table 4.8 shows the correlation between the spatiotemporal gait and the 

number of falls in previous 12 months in participants with osteoarthritis. There was no 

correlation between the spatiotemporal gait and number of falls in previous 12 months. 
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Table 5.12 Correlations between the spatiotemporal gait and number of falls in 

previous 12 months in participants with osteoarthritis 

 

Variables 
Number of falls in 

previous 12 months 

Velocity (m/sec) -0.303 

Cadence (step/min) -0.232 

Step time (sec) 0.296 

Step length (m) -0.240 

Stride time (sec) 0.249 

Stride length (m) -0.286 

Single support time (% cycle)  -0.229 

Double support time (% cycle) 0.243 

 

 

Table 4.9 shows the correlation between gait kinematics and the number of 

falls in previous 12 months in participants with osteoarthritis. There was no correlation 

between gait kinematics and number of falls in previous 12 months. 
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Table 5.13 Correlations between gait kinematics and the number of falls in previous 12 

months in participants with osteoarthritis 

 

Variables Number of falls in 

previous 12 months Event Joint Action 

Initial 

contact 

Knee 

Flexion (+) / Extension (-) -0.136 

Varus (+) / Valgus (-) 0.286 

Internal (+) / External rotation (-) -0.256 

Ankle Inversion (+) / Eversion (-) 0.045 

Mid 

stance 

Hip 
Flexion (+) / Extension (-) 0.196 

Adduction (+) / Abduction (-) -0.316 

Knee 
Varus (+) / Valgus (-) 0.226 

Internal (+) / External rotation (-) -0.136 

Toe off Ankle Dorsiflexion (+) / Plantarflexion (-) 0.196 

 

Table 4.10 shows the correlation between gait kinematics and the Modified 

Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) and 

clinical measures in participants with osteoarthritis. There was significant correlation 

between angular displacement of the knee joint in transverse plane and knee extension 

force (r = 0.414) at initial contact. The osteoarthritis group also showed significant 

correlation between angular displacement of the ankle joint in the sagittal plane and 

knee joint position sense (r = 0.482) at toe off. However, no correlation was found 

between the modified WOMAC and mean values of the hip, knee and ankle angular 

displacement at all events.
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Table 5.14 Correlations between gait kinematics and the Modified Western Ontario and McMaster Universities Osteoarthritis Index 

(WOMAC) and clinical measures in participants with osteoarthritis 

 

Variables Modified WOMAC Knee joint 

position 

sense 

Knee 

extension 

force Event Joint Action Pain Stiffness Function Total 

Initial 

contact 

Knee 

Flexion (+) / 

Extension (-) 
-0.371 0.137 0.123 -0.088 -0.110 0.323 

Varus (+) /  

Valgus (-) 
-0.093 -0.026 -0.172 -0.127 -0.162 0.079 

Internal (+) /  

External rotation (-) 
-0.047 -0.088 -0.217 -0.060 0.271 0.414* 

Ankle 
Inversion (+) / 

Eversion (-) 
0.097 -0.300 0.042 -0.038 0.361 0.208 

Mid 

stance 
Hip 

Flexion (+) /  

Extension (-) 
0.110 0.314 0.343 0.264 0.037 -0.080 

Adduction (+) / 

Abduction (-) 
0.348 0.136 0.199 0.250 0.395 -0.148 
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Table 5.15 Correlations between gait kinematics and the Modified Western Ontario and McMaster Universities Osteoarthritis Index 

(WOMAC) and clinical measures in participants with osteoarthritis (Cont.) 

 

Variables Modified WOMAC Knee joint 

position 

sense 

Knee 

extension 

force Event Joint Action Pain Stiffness Function Total 

Mid 

stance 
Knee 

Varus (+) /  

Valgus (-) 
-0.098 -0.044 -0.126 -0.099 -0.356 -0.078 

Internal (+) /  

External rotation (-) 
-0.051 0.019 -0.127 -0.147 0.131 0.152 

Toe off Ankle 
Dorsiflexion (+) / 

Plantarflexion (-) 
0.296 0.062 0.290 0.344 0.482* -0.047 

 

Note: *= Significant difference at p-value ˂ 0.05 
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CHAPTER 5  

DISCUSSION 

 

The discussion is divided into three sections: participant characteristics, 

comparison of gait characteristics (spatiotemporal variables and gait kinematics) 

between the participants with knee osteoarthritis and the control group, and correlations 

between gait characteristics and history of falls in participants with knee osteoarthritis. 

 

5.1 Participant characteristics 

 

Participants in this study were 48 older people with and without knee 

osteoarthritis age ranged 60-84 years. There were no significant differences in mean 

age, weight, height and BMI between the participants with knee osteoarthritis and the 

control group. Therefore, the factors of age, weight, height and BMI would not affect 

the gait characteristics between groups in this study. 

The error angle in this study was calculated from the difference between 

values of measurement angle and reference angle in each trial tested. The finding of 

knee joint position sense in the knee osteoarthritis group compared with the control 

group in this study was represented with the mean absolute angular error which were 

8.61 and 2.41 degrees, respectively. Several studies [89, 155, 156, 157] reported the 

impairment of proprioception in osteoarthritis patients. It was reported that 

proprioceptive information was received from joints and muscles by the receptors 

within knee joint ligaments, meniscus, tendon, capsules and muscles surrounding the 

knee [158]. Sharma and Pai [156] reviewed the concepts of impaired proprioception in 

osteoarthritis knee. They suggested that proprioceptive impairment may result from 

osteoarthritis pathology which destroys the function of capsule, ligament or muscle-

tendon mechanoreceptors. Besides, the decline in proprioception in older people may 

also lead to an increase in poor load distributed and cause osteoarthritis.  

In term of knee muscle strength, our findings showed significant lower 

strength in knee extensor muscle in the knee osteoarthritis group compared with the 

control group. There are controversies regarding the cause of weakness in the knee 
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osteoarthritis group. Sharma and colleagues [160] suggested that muscle strength was 

correlated with physical function. Therefore, muscle weakness could be a risk factor 

for pain in osteoarthritis. 

 

5.2 Comparison of gait characteristics (spatiotemporal variables and gait 

kinematics) between the participants with knee osteoarthritis and the control 

group  

 

5.2.1 Spatiotemporal variables  

Spatiotemporal variables and angular displacement of the knee are 

the important gait parameters in knee osteoarthritis [96]. Comparison between the knee 

osteoarthritis group and the control group, there were significant differences in velocity, 

cadence, step length, stride length, step time, stride time, single support time and double 

support time at preferred gait speed. Similar to several previous studies [161, 162, 163], the 

knee osteoarthritis group showed decrease in velocity, cadence, step length, single 

support time and stride length and increase in step time, stride time and double support 

time when comparing to the control group. Comparison between the knee osteoarthritis 

group and the control group in this study found that the knee osteoarthritis group had a 

shorter stride length and lower cadence that likely contributed to lower gait speed. 

Previous study[165] also found that the knee osteoarthritis group walked slower than the 

control group. Stauffer and colleagues [166] reported lower cadence in the knee 

osteoarthritis group. Gait speed of the knee osteoarthritis group in this study was slower 

than the control group. It can be explained by pain avoidance mechanism on the painful 

limb during single limb support and shorter stance duration on the painful limb in the 

knee osteoarthritis group. A few studies [164, 165] also reported longer stance time in the 

knee osteoarthritis group compared to the control group which attributed to a longer 

double support time. According to these group of researchers[166], increasing double 

support time and reducing gait speed are pain relief strategies to reduce the compressive 

load on the knee joint. Therefore, the knee osteoarthritis group will rapidly shift weight 

to another limb to reduce the pain during walking, which will lead to shorter durations 

of single limb support. 
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5.2.2 Gait kinematics 

Comparison of angular displacements between the two groups, this 

study found some significant differences at the gait events of initial contact, mid stance 

and toe off. The reasons for the differences are discussed in the following sessions. A 

few studies reported decreased the range of motion of the knee joint and increased the 

range of motion of other joints of the lower extremities in the knee osteoarthritis group 

[167, 168]. 

In initial contact, there were some significant differences of knee and 

ankle joints in coronal, sagittal and horizontal planes between the knee osteoarthritis 

and the control groups. In this study, the greater knee flexion found in the osteoarthritis 

group was possibly due to a compensation aiming to increase knee stability and to 

decrease pain by shifting the center of mass laterally to unload the knee joint. The 

results of this study were similar to the previous studies [121, 142, 169]. These finding are 

in contrast with a study of moderate and severe knee osteoarthritis [121, 141] revealing 

that the severe knee osteoarthritis group used a knee stiffening strategy and higher 

muscle co-contraction to stabilize and control the knee joint. Higher co-contraction 

could lead to decreased knee motion during initial contact. Briem and Snyder-Mackler 

[170], performed a study in 32 patients with moderate knee osteoarthritis.  

The results of this study revealed that the knee osteoarthritis group 

showed a significant greater knee varus angle (adduction). These data are consistent 

with the findings of previous studies [141, 170, 171, 172]. Takashi and colleagues [173] reported 

varus alignment of the knee joint in the knee osteoarthritis group, the center of pressure 

run along inside of the knee rather than center of the knee during heel contact the 

ground, the moment from the floor that acts to create knee varus alingment.  

In this study, knee external rotation in the knee osteoarthritis group 

was significantly greater than the control group. The similar result was observed in a 

study by Nagano [141]. This difference at this gait phase which corresponds to maximal 

knee extension, might due to the lack of full extension of the osteoarthritis knees [174]. 

Additionally, the external rotation of the tibia in the osteoarthritis group has been 

previously proposed as a compensatory strategy to decrease knee joint loading over the 

commonly damaged central and anterior regions of the medial knee compartment [171]. 
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In midstance, there were some significant differences of hip and knee 

joint in all three planes of movement between the knee osteoarthritis and the control 

groups. Greater knee varus (adduction) in the osteoarthritis group was presented and 

the angle was higher than during the initial contact phase. These data are consistent 

with the findings of previous studies [141, 171, 172]. The explanation could be that 

possibility the knee varus angle in the osteoarthritis group could be greatly observed 

with high loading on the medial compartment during single limb support Nagano and 

colleagues [141] revealed that the knee adduction angle at the 60% stance phase was 

significantly greater in the participants with moderate and severe knee osteoarthritis 

than in the control group. During single limb support, the ROM of knee osteoarthritis 

subjects may present genu varus deformity with the high loading within the medial 

compartment [141, 170]. This deviation of knee motion might result in the lack of normal 

hip extension seen as greater hip flexion in the osteoarthritis group compared with the 

control in this study. Murray and colleagues [174] reported that gait abnormalities usually 

related to abnormal knee motion during stance in which might lead to the lack of a 

normal hip extension on the painful side.  

In toe off, decreased ankle plantar flexion found in the osteoarthritis 

group was possibly due to a compensation aiming to decrease compressive knee joint 

reaction forces by using the hip flexors rather than the ankle plantar flexors to propel 

the lower limb. Matthew and colleagues [175] revealed a significant decreased the ankle 

plantar flexor moments during toe off. The participants with knee osteoarthritis reduced 

plantar flexor moments may be an attempt to decrease the forces at the knee joint. 

During normal walking, ankle plantar flexor moments may increase the forces at the 

knee joint when restraining the forward motion of the tibia on the talus [176].  

In mid swing, there were no significant differences of hip and knee 

joint in all three planes of movement between the knee osteoarthritis and the control 

groups. This results possibly support that knee osteoarthritis unlikely to affect range of 

hip, knee, and ankle joint movement during non-weight bearing phase of gait. 
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5.3 Correlations between gait characteristics (spatiotemporal variables and gait 

kinematics), history of falls and impairments in participants with knee 

osteoarthritis 

 

Due to the limited number of participants with knee osteoarthritis had 

fallen, we could not find any correlation between gait characteristics (spatiotemporal 

variables and gait kinematics) and history of falls. The explanation of no correlation 

between mean values of kinematic gait variables and history of falls possibly due to the 

average between the positive and negative angle. The use of average between positive 

and negative angle which is not an actual angle may reduce the association of gait 

characteristics and history of falls or impairments. Another possible reason could be 

the fact that our participants had only mild to moderate severity of knee osteoarthritis 

which could be seen from slightly low WOMAC score. Another explanation could be 

the possibility that the participants with knee osteoarthritis may have higher concern/ 

awareness of movement or doing physical activities compared with participants without 

knee osteoarthritis. We could not really confirm this hypothesis as this study did not 

assess level of physical activity. However, we might be able to assume that the group 

of participants with knee osteoarthritis may possibly limit their physical activities from 

the results of the study which found that the knee osteoarthritis group has less muscle 

strength than the control group. 

It is interesting to note that in the present study, most of the significant 

differences were detected in the coronal and horizontal planes. This means that if 2D 

gait analysis system was used in this study, some significant differences between right 

and left lower extremities would not be detected. This may lead to misinterpretation of 

the results. Therefore, the 3D gait analysis system is important to detect the out of plane 

movement particularly the pathologic gait. 

 

5.4 Limitation 

 

This study included participants with relatively mild to moderate severity 

knee osteoarthritis in which different from a previous study by Astephen and co-

workers [121] which compared osteoarthritis groups with different severities with the 
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control group. The study reported that the moderate and severe osteoarthritis groups 

had a significantly smaller knee flexion angle than the control group (p<0.05). Sample 

size of the previous study was larger and greater severity levels. 

Finally, there could be possibility of errors in the placement of the reflective 

markers for gait analysis in this study. Excess adipose tissue as seen in obese 

participants made it difficult to locate the correct bony landmarks for marker placement. 

However, in participants those who are obese or was found to be difficult to exactly 

place the markers on the ASIS, or invisible of markers in this position to cameras; each 

marker was moved laterally by an equal amount along the ASIS-ASIS axis to minimize 

surface (skin) motion. In addition, the true inter-ASIS distance was then be recorded 

and entered as the subject parameters in the Vicon program. 

 

5.5 Clinical implications 

 

The spatiotemporal characteristics and patterns of kinematics during 

walking could be used as parameters to evaluate and reevaluate the patients with knee 

problems. The parameters of spatiotemporal characteristics including velocity, 

cadence, stride time, stride length, step time, step length, single support time and double 

support time have been useful to evaluate the impairment of patients after treatment.  

The deviation in kinematic patterns which happened in the knee 

osteoarthritis patients would lead to more better understanding of the compensatory 

mechanism of lower extremities. Moreover, other factors which involve in this 

deviation could be revealed, such as the effect of muscle strength around the affected 

joint. The quantitative gait analysis is important to investigate the kinematic gait 

characteristics. The better knowledge obtained from this gait analysis will bring to the 

improvement for diagnosis, assessment and prognosis in knee osteoarthritis patients. 

 

5.6 Further study 

 

Therefore, further studies utilizing large sample size with varying degrees 

of severity of knee osteoarthritis may provide valuable insight into characterizing gait 

changes in response to osteoarthritis. In addition, assessment should include evaluating 
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the level of physical activity or exercise that was performed as part of leisure and 

occupation. 
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6. CHAPTER 6 

CONCLUSIONS 

 

This study compared gait characteristics (spatiotemporal variables and gait 

kinematics) between the participants with knee osteoarthritis group and the control 

group. In addition, correlations between gait characteristics and history of falls in 

participants with knee osteoarthritis were determined.  

 

6.1 Comparison of gait characteristics (spatiotemporal variables and gait 

kinematics) between the participants with knee osteoarthritis and the control 

group  

 

Participants with knee osteoarthritis adopt different compensatory 

biomechanical strategies while walking. The knee osteoarthritis group walked with 

slower walking velocity, less cadence, shorter step length, longer single support time 

and shorter stride length than the control group. There were significant higher step time, 

stride time and double support time when comparing to the control group. 

Gait kinematics changes among older people with mild to severe knee 

osteoarthritis could be detected through 3D gait analysis. Knee osteoarthritis influenced 

gait kinematics involving not only knee joint but also hip and ankle joint movement. 

 

6.2 Correlations between gait characteristics and history of falls in participants 

with knee osteoarthritis 

 

There were no correlation between gait characteristics (spatiotemporal 

variables and gait kinematics) and history of falls in older people with mild severity of 

osteoarthritis knee. It is postulated that participants with osteoarthritis symptoms may 

have awareness of the presence and careful in their physical activity or perhaps 

restricted their activities of daily living. It should also be noted that the current study is 

retrospective and older participants may possibly underestimate or overestimate their 

falling history.
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APPENDIX B 

DATA COLLECTION FORM 

 

ผู้สูงอายุ: ช่ือ / สกลุ ___________________________ อายุ ____ ปี   วนัที่ _________ 

เพศ  ชาย      หญิง           สถานภาพ  โสด      คู่      หยา่      หมา้ย 

ระดบัการศึกษา      ไม่ไดศึ้กษา      ประถมตน้      ประถมปลาย       มธัยมปลาย 

                     ปริญญาตรี        สูงกวา่ปริญญาตรี 

อาชีพปัจจุบัน  ท างาน (ระบุ _________________) 

                ไม่ไดท้  างาน (หน้าท่ีรับผิดชอบปัจจุบนั _________ อาชีพก่อนเกษียณ ______) 

ที่อยู่ ______บา้นเลขท่ี _________หมู่บา้น _______ต าบล _________อ าเภอ __________ 

จงัหวดั ___________โทรศพัท ์___________สถานพยาบาลท่ีใกลท่ี้สุด_____________________ 

 

ข้อมูลสุขภาพพืน้ฐาน: 

1. โรคประจ าตัว: 

 _____________________________________________________ 

 _____________________________________________________ 

 _____________________________________________________ 

 _____________________________________________________ 

 _____________________________________________________ 

2. ยาที่รับประทาน 

 จ านวนยาท่ีตอ้งรับประทานประจ า ________ชนิด 

 รายการยาท่ีรับประทานเป็นประจ า 

- _______________________   - _______________________ 

- _______________________    - _______________________ 

- _______________________   - _______________________ 

- _______________________    - _______________________ 

- _______________________    - _______________________ 
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3. ความสามารถในการเดนิด้วยตนเอง 

1. สามารถเดินไดด้ว้ยตนเองโดยไม่ใชเ้คร่ืองช่วยเดินเป็นระยะทาง___________เมตร 

2. ใชเ้คร่ืองช่วยเดินหรือไม่ 

    ใช ้   ไม่ใช ้

3. สามารถเดินภายนอกบา้นไดเ้ป็นระยะทางอยา่งนอ้ย 10 เมตร ใข่หรือไม่ 

    ใช่    ไม่ใช่ 

ถา้ใช่ ตอ้งใชเ้คร่ืองช่วยเดินหรือไม่ 

    ใช ้โดยเคร่ืองช่วยเดินนั้นคือ_______________ 

    ไม่ใช ้

 

4. ประวตัิการด าเนินโรค 

1. วนัท่ีไดรั้บการวินิจฉยัวา่เป็นโรคขอ้เข่าเส่ือม 

    t. Knee____________________ t. Knee_____________________ 

2. อาการแสดงท่ีส าคญั 

    อาการปวด 

    ขาอ่อนแรง 

    จ ากดัการเคล่ือนไหว 

    การทรงตวับกพร่อง ไม่มัน่คง 

3. การรักษาท่ีไดรั้บ 

    รับประทานยา ______________________________ 

    ฉีดยา ____________________________________ 

    ฉีดน ้าหล่อเล้ียง _____________________________ 

    อ่ืนๆ_____________________________________ 
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5. การรับรู้ของข้อต่อ (Proprioceptive sense) 

Knee joint 

Angle Ordinal 

Numbers 

Left Right 

30 

1   

2   

3   

80 

1   

2   

3   

 

6. ความแข็งแรงของกล้ามเน้ือ (Muscle strength) 

Muscle Ordinal 

Numbers 

Left Right 

Quadriceps 

muscle 

1   

2   

3   
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APPENDIX C 

HISTORY OF SELF-REPORTED FALLING  

 

1. คุณเคยล้มหรือไม่? 

 ถา้เคยลม้ ในช่วงหน่ึงเดือนท่ีผา่นมา คุณลม้ก่ีคร้ัง  _______ 

 ในช่วง 6 เดือนท่ีผา่นมา คุณลม้ก่ีคร้ัง   _______ 

 ในช่วง 1 ปีท่ีผา่นมา คุณลม้ก่ีคร้ัง   _______ 

2. คุณบอกได้ไหมว่าอะไรเป็นสาเหตุให้คุณล้ม 

     2.1 การลม้คร้ังล่าสุด 

เข่าทรุดไม่มีแรง                       สะดุดส่ิงกีดขวาง     วิงเวียนหรือวบู  

 กา้วพลาด ตกบนัได ตกหลุม         สตัวเ์ล้ียง             อ่ืนๆ 

     2.2 การลม้คร้ังท่ีรุนแรงท่ีสุด 

เข่าทรุดไม่มีแรง                       สะดุดส่ิงกีดขวาง      วิงเวียนหรือวบู  

 กา้วพลาด ตกบนัได ตกหลุม         สตัวเ์ล้ียง              อ่ืนๆ 

3. เหตุการณ์หรือกจิกรรมที่กาลังทาอยู่ขณะล้ม 

3.1 การลม้คร้ังล่าสุด_______________________________________________________ 

3.2 การลม้คร้ังท่ีรุนแรงท่ีสุด_________________________________________________ 

4. คุณจาได้ไหมว่าคุณล้มไปทางไหน 

     4.1 การลม้คร้ังล่าสุด            ดา้นซา้ย     ดา้นขวา     ดา้นหนา้     ดา้นหลงั 

     4.2 การลม้คร้ังท่ีรุนแรงท่ีสุด    ดา้นซา้ย     ดา้นขวา     ดา้นหนา้     ดา้นหลงั 

5. เวลาที่ล้ม 

     5.1 การลม้คร้ังล่าสุด             เชา้      กลางวนั บ่าย      เยน็ ค ่า      กลางคืน 

     5.2 การลม้คร้ังท่ีรุนแรงท่ีสุด      เชา้      กลางวนั บ่าย      เยน็ ค ่า      กลางคืน
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6. สถานที่ล้ม 

     6.1 การลม้คร้ังล่าสุด 

         ห้องนอน  ห้องน ้ า  ห้องครัว             ทางเดินภายในบา้น  ทางเดินภายนอกบา้น 

         บนัได       สวน      บริเวณหนา้บา้น  บริเวณหลงับา้น      ชุมชน (ระบุ_______) 

     6.2 การลม้คร้ังท่ีรุนแรงท่ีสุด 

         ห้องนอน  ห้องน ้ า  ห้องครัว              ทางเดินภายในบา้น  ทางเดินภายนอกบา้น 

         บนัได       สวน      บริเวณหนา้บา้น  บริเวณหลงับา้น       ชุมชน (ระบุ ______) 

7. มีใครเห็นว่าคุณล้มหรือไม่  

    7.1 การลม้คร้ังล่าสุด                มีคนเห็น   ไม่มีคนเห็น 

    7.2 การลม้คร้ังท่ีรุนแรงท่ีสุด         มีคนเห็น   ไม่มีคนเห็น 

9. คุณมีอาการหมดสติหรือไม่ 

    9.1 การลม้คร้ังล่าสุด                 หมดสติ    ไม่หมดสติ 

    9.2 การลม้คร้ังท่ีรุนแรงท่ีสุด          หมดสติ     ไม่หมดสติ 

10. คุณมีอาการบาดเจ็บจากการล้มคร้ังดงักล่าวหรือไม่ 

     10.1 การลม้คร้ังล่าสุด 

           ไม่มีการบาดเจบ็ 

           มีรอยฟกช ้า ถลอก (บริเวณ_______________________) 

           มีแผลฉีกขาด และตอ้งการการเยบ็ (บริเวณ________________________) 
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           มีกระดูกหกั (บริเวณ_________________________) 

           มีการบาดเจบ็ท่ีศีรษะ 

    10.2 การลม้คร้ังท่ีรุนแรงท่ีสุด 

           ไม่มีการบาดเจบ็ 

           มีรอยฟกช ้า ถลอก (บริเวณ____________________) 

           มีแผลฉีกขาด และตอ้งการการเยบ็ (บริเวณ________________________) 

           มีกระดูกหกั (บริเวณ________________________) 

           มีการบาดเจบ็ท่ีศีรษะ 

11. การรักษาหลงัการลม้ 

      11.1 การลม้คร้ังล่าสุด 

           พบแพทย ์/ เขา้รักษาทางโรงพยาบาล 

           ไม่พบแพทย ์/ ไม่เขา้รักษาทางโรงพยาบาล 

      11.2 การลม้คร้ังล่าสุด 

           พบแพทย ์/ เขา้รักษาทางโรงพยาบา 

               ไม่พบแพทย ์/ ไม่เขา้รักษาทางโรงพยาบาล 
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APPENDIX D 

THE WESTERN ONTARIO MCMASTER UNIVERSITIES 

OSTEOARTHRITIS INDEX (WOMAC)  

 

แบบสอบถาม WOMAC ฉบบัภาษาไทย เป็นการประเมินอาการของผูป่้วยโรคขอ้เส่ือม ประกอบดว้ยค าถาม 

3 ส่วน คือ ค าถามระดบัความปวด ระดบัอาการขอ้ฝืด และระดบัความสามารถในการใชง้านขอ้ กรุณากาเคร่ืองหมาย หรือวงกลม

ลอ้มรอบตวัเลขให้ตรงกบัอาการของท่านมากท่ีสุด 

1. ระดบัความปวด (0 – 10) 

โดย 0 หมายถึงไม่ปวดเลย และ 10 หมายถึงปวดมากจนทนไม่ได ้

1.1 ปวดขณะเดนิ 

 

0      1      2       3     4     5      6      7      8      9      10 

ไม่ปวดเลย                                                  ปวดมากจนทนไม่ได ้

 

1.2 ปวดขณะขึน้ลงบันได 

  

0      1      2       3     4     5      6      7      8      9      10 

ไม่ปวดเลย                                                 ปวดมากจนทนไม่ได ้

 

1.3 ปวดข้อตอนกลางคืน 

 

0      1      2       3     4     5      6      7      8      9      10 

ไม่ปวดเลย                                                  ปวดมากจนทนไม่ได ้

 

1.4 ปวดข้อขณะอยู่เฉยๆ 

  

0      1      2       3     4     5      6      7      8      9      10 

ไม่ปวดเลย                                                 ปวดมากจนทนไม่ได ้  
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1.5 ปวดข้อขณะยืนลงน า้หนัก (ขาข้างนั้นรับน า้หนักตัว) 

 

0      1      2       3     4     5      6      7      8      9      10 

ไม่ปวดเลย                                                 ปวดมากจนทนไม่ได ้

 

2. ระดบัอาการข้อฝืด, ข้อยดึ (0–10) 

โดย 0 หมายถึงไม่มีอาการฝืดเลย และ 10 หมายถึง มีอาการฝืดมากท่ีสุด 

2.1 ข้อฝืดช่วงเช้า (ขณะต่ืนนอน) 

 

0      1      2       3     4     5      6      7      8      9      10 

ไม่ฝืดเลย                            ฝืดมากท่ีสุด 

2.2 ข้อฝืดในช่วงระหว่างวนั 

 

0      1      2       3     4     5      6      7      8      9      10 

ไม่ฝืดเลย                          ฝืดมากท่ีสุด 

 

3. ระดบัความสามารถในการใช้งานข้อ (0 – 10) 

โดย 0 หมายถึงไม่มีอาการฝืดเลย และ 10 หมายถึง ไม่สามารถท ากิจกรรมนั้น ๆ ได ้

3.1 การลงบันได 

 

0      1      2       3     4     5      6      7      8      9      10 

ท าไดดี้มาก              เป็นปัญหามากท่ีสุด 

                                                                                            (ไม่สามารถท าได)้ 

3.2 การขึน้บันได 

 

0      1      2       3     4     5      6      7      8      9      10 

ท าไดดี้มาก              เป็นปัญหามากท่ีสุด 

                                                                                            (ไม่สามารถท าได)้  
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3.3 การลุกยืนจากท่านั่ง 

 

0      1      2       3     4     5      6      7      8      9      10 

ท าไดดี้มาก            เป็นปัญหามากท่ีสุด 

                                                                                         (ไม่สามารถท าได)้ 

 

3.4 การยืน 

 

0      1      2       3     4     5      6      7      8      9      10 

ท าไดดี้มาก           เป็นปัญหามากท่ีสุด 

                                                                                         (ไม่สามารถท าได)้ 

 

3.5 การเดนิบนพืน้ราบ 

 

0      1      2       3     4     5      6      7      8      9      10 

ท าไดดี้มาก            เป็นปัญหามากท่ีสุด 

                                                                                         (ไม่สามารถท าได)้ 

 

3.6 การขึน้ลงรถยนต์ 

 

0      1      2       3     4     5      6      7      8      9      10 

ท าไดดี้มาก            เป็นปัญหามากท่ีสุด 

                                                                                         (ไม่สามารถท าได)้ 

 

3.7 การไปซ้ือ ของนอกบ้าน หรือการไปจ่ายตลาด 

 

0      1      2       3     4     5      6      7      8      9      10 

ท าไดดี้มาก            เป็นปัญหามากท่ีสุด 

                                                                                         (ไม่สามารถท าได)้  
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3.8 การใส่กางเกง 

 

0      1      2       3     4     5      6      7      8      9      10 

ท าไดดี้มาก            เป็นปัญหามากท่ีสุด 

                                                                                         (ไม่สามารถท าได)้ 

 

3.9 การลุกจากเตียง 

 

0      1      2       3     4     5      6      7      8      9      10 

ท าไดดี้มาก            เป็นปัญหามากท่ีสุด 

                                                                                         (ไม่สามารถท าได)้ 

 

3.10 การถอดกางเกง 

 

0      1      2       3     4     5      6      7      8      9      10 

ท าไดดี้มาก            เป็นปัญหามากท่ีสุด 

                                                                                         (ไม่สามารถท าได)้ 

 

3.11 การเข้าออกจากห้องอาบน ้า 

 

0      1      2       3     4     5      6      7      8      9      10 

ท าไดดี้มาก            เป็นปัญหามากท่ีสุด 

                                                                                         (ไม่สามารถท าได)้ 

 

3.12 การนั่ง 

 

0      1      2       3     4     5      6      7      8      9      10 

ท าไดดี้มาก            เป็นปัญหามากท่ีสุด 

                                                                                         (ไม่สามารถท าได)้  
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3.13 การเข้า-ออกจากส้วม 

 

0      1      2       3     4     5      6      7      8      9      10 

ท าไดดี้มาก            เป็นปัญหามากท่ีสุด 

                                                                                         (ไม่สามารถท าได)้ 

 

3.14 การท างานบ้านหนักๆ 

 

0      1      2       3     4     5      6      7      8      9      10 

ท าไดดี้มาก            เป็นปัญหามากท่ีสุด 

                                                                                         (ไม่สามารถท าได)้ 

 

3.15 การท างานบ้านเบาๆ 

 

0      1      2       3     4     5      6      7      8      9      10 

ท าไดดี้มาก            เป็นปัญหามากท่ีสุด 

                                                                                         (ไม่สามารถท าได)้ 
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APPENDIX E 

SUBJECT MEASUREMENTS  

 

 Mass: ________ kg    Height: ________ mm   

Anthropometric data 

 

 

 

 

 

 

 

 

 

Note:  

_____________________________________________________________________ 

_____________________________________________________________________ 

_____________________________________________________________________ 

 

Anthropometric Left (mm) Right (mm) 

Inter-ASIS distance (mm)  

Leg length (mm)   

Knee width (mm)   

Ankle width (mm)   

Shoulder offset (mm)   

Elbow width (mm)   

Wrist width (mm)   

Hand thickness (mm)   
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Table E1. Descriptive data of participants with knee osteoarthritis 

 

Subject 

No. 

Age 

(years) 

Weight 

(kg) 

Height 

(cm) 

BMI 

18. (kg/m2) 

Knee joint 

position 

sense (°) 

Knee 

extension 

force (n) 

Modified WOMAC score 

A
P

P
E

N
D

IX
 F

 

R
A

W
 D

A
T

A
 O

F
 T

H
E

 S
T

U
D

Y
  

 

Pain Stiffness Function 
Total 

scores 

1 81 56 158 22.4 16.17 237.05 27 11 92 130 

2 64 67 141 33.7 10.50 286.85 15 0 44 59 

3 67 81 152 35.1 6.88 209.33 18 9 38 65 

4 60 69 149 31.1 7.67 259.38 16 9 57 82 

5 69 46 153 19.7 5.92 333.00 9 2 17 28 

6 67 63 146 29.6 6.33 250.23 17 8 33 58 

7 84 50 164 18.6 7.24 371.65 10 9 41 60 

8 60 73 150 32.4 5.03 269.70 10 0 55 65 

9 66 55 148 25.1 7.50 308.65 13 6 22 41 

10 73 65 160 25.4 11.50 107.87 27 11 92 130 

11 60 65 153 27.8 5.10 258.33 26 8 40 74 

12 70 62 144 29.9 5.33 377.77 8 4 26 38 

13 63 72 166 26.1 8.24 190.43 26 8 33 67 

14 64 56 150 24.9 7.67 183.53 21 9 35 65 

15 69 49 159 19.4 11.67 209.13 28 8 52 88 

16 61 57 149 25.7 16.45 281.78 13 7 19 39 

17 69 45 146 21.1 8.33 237.05 18 10 45 73 

18 60 67 148 30.6 6.67 269.83 14 0 40 54 

19 60 61 154 25.7 5.36 114.15 16 10 41 67 

20 60 85 154 35.8 10.54 321.76 33 10 57 100 

21 72 89 164 33.1 7.31 281.33 18 8 41 67 

22 63 55 144 26.5 10.59 237.05 26 0 61 87 

23 67 55 150 24.4 12.17 274.98 27 0 51 78 

24 60 61 157 24.7 6.31 374.12 10 0 33 43 
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Table E2. Descriptive data of participants without knee osteoarthritis 

 

Subject 

No. 

Age 

(years) 

Weight 

(kg) 

Height 

(cm) 

BMI 

19. (kg/m2) 

Knee joint 

position 

sense (°) 

Knee 

extension 

force (n) 

Modified WOMAC score 

Pain Stiffness Function 
Total 

scores 

1 65 65 162 24.8 1.98 252.22 0 0 0 0 

2 61 62 156 25.5 1.84 280.42 0 0 0 0 

3 60 66 152 28.6 2.03 232.97 0 0 0 0 

4 60 64 145 30.4 2.08 363.64 2 2 9 13 

5 70 91 159 36 2.25 258.58 2 0 0 2 

6 70 56 156 23 4.25 161.30 0 0 0 0 

7 80 65 160 25.4 2.48 229.80 0 0 0 0 

8 66 60 154 25.3 1.60 296.91 4 5 12 21 

9 63 70 162 26.7 4.50 322.51 0 0 0 0 

10 65 51 141 25.7 4.31 264.61 0 0 0 0 

11 65 56 148 25.6 1.58 270.11 5 2 6 13 

12 60 51 142 25.3 1.84 268.52 0 0 0 0 

13 64 61 150 27.1 2.00 240.12 0 0 0 0 

14 66 64 153 27.3 2.08 333.18 0 0 0 0 

15 66 60 158 24 2.25 235.04 3 0 0 3 

16 66 65 164 24.2 4.25 258.28 0 0 0 0 

17 62 64 152 27.7 2.00 239.97 0 0 0 0 

18 64 73 162 27.8 2.08 285.72 0 0 0 0 

19 66 51 155 21.2 2.25 240.67 0 0 0 0 

20 73 75 170 26 4.25 262.60 0 0 0 0 

21 71 52 153 22.2 1.50 174.34 0 0 0 0 

22 60 58 166 21 1.84 307.17 0 0 0 0 

23 66 48 140 24.5 2.00 352.74 0 0 0 0 

24 67 72 152 31.2 2.08 256.70 0 0 0 0 

 



Ref. code: 25605812030517CGV

 

 

 

9
4
 

 

 

Table E3. Spatiotemporal data of participants with knee osteoarthritis 
 

Subject 

No. 

Velocity 

(m/sec) 

Cadence 

(step/min) 
Step time (sec) Step length (m) 

Stride time 

(sec) 

Stride length 

(m) 

Single support 

time (% cycle) 

Double support 

time (% cycle) 

1 1.01 111.11 0.56 0.38 1.08 1.09 32.25 36.99 

2 0.88 115.44 0.51 0.46 1.04 0.91 32.03 36.55 

3 0.71 86.42 0.72 0.54 1.43 1.01 32.53 34.50 

4 0.53 88.62 0.72 0.32 1.36 0.74 25.51 50.28 

5 0.62 87.52 0.72 0.43 1.40 0.88 29.02 42.39 

6 1.00 110.48 0.56 0.54 1.09 1.08 32.20 33.44 

7 0.93 96.26 0.66 0.62 1.25 1.16 34.49 29.14 

8 0.51 79.65 0.70 0.41 1.51 0.79 24.33 50.01 

9 0.94 112.23 0.53 0.53 1.07 1.04 33.97 34.23 

10 0.73 95.94 0.62 0.47 1.29 0.91 29.15 42.12 

11 0.93 102.88 0.61 0.56 1.17 1.07 30.86 37.70 

12 0.98 110.15 0.53 0.52 1.09 1.07 33.35 34.92 

13 0.71 84.19 0.72 0.54 1.43 1.01 32.53 34.50 

14 0.80 93.27 0.65 0.50 1.29 1.03 32.91 33.41 

15 0.73 88.79 0.68 0.49 1.35 0.98 34.28 32.42 

16 1.00 110.80 0.54 0.55 1.08 1.08 35.69 29.53 

17 0.90 112.15 0.53 0.48 1.07 0.96 33.64 32.71 

18 1.15 122.87 0.48 0.50 0.98 1.12 33.87 30.29 

19 1.07 113.71 0.54 0.57 1.06 1.13 32.19 33.69 

20 0.97 106.52 0.57 0.53 1.13 1.10 31.07 35.79 

21 0.85 99.17 0.58 0.53 1.21 1.03 31.40 39.67 

22 0.91 102.85 0.58 0.53 1.17 1.06 31.24 37.73 

23 0.99 107.14 0.56 0.58 1.12 1.10 34.82 30.36 

24 0.74 82.19 0.73 0.55 1.46 1.09 32.88 32.19 
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Table E4. Spatiotemporal data of participants without knee osteoarthritis 

 

Subject 

No. 

Velocity 

(m/sec) 

Cadence 

(step/min) 
Step time (sec) Step length (m) 

Stride time 

(sec) 

Stride length 

(m) 

Single support 

time (% cycle) 

Double support 

time (% cycle) 

1 1.11 107.14 0.54 0.82 1.12 1.29 34.82 30.36 

2 0.95 101.69 0.57 0.58 1.18 1.13 35.59 31.36 

3 0.96 118.81 0.51 0.50 1.01 0.97 32.67 34.65 

4 0.87 96.77 0.60 0.54 1.24 1.07 29.03 42.74 

5 1.03 109.09 0.54 0.55 1.10 1.14 32.73 32.73 

6 1.05 110.09 0.56 0.60 1.09 1.14 34.86 30.28 

7 0.61 77.92 0.72 0.44 1.54 0.95 29.87 41.56 

8 1.11 107.14 0.54 0.82 1.12 1.29 34.82 30.36 

9 0.95 101.69 0.57 0.58 1.18 1.13 35.59 31.36 

10 0.96 118.81 0.51 0.50 1.01 0.97 32.67 34.65 

11 0.87 96.77 0.60 0.54 1.24 1.07 29.03 42.74 

12 1.03 109.09 0.54 0.55 1.10 1.14 32.73 32.73 

13 0.88 108.11 0.56 0.50 1.11 0.97 32.43 34.23 

14 1.06 113.21 0.54 0.55 1.06 1.13 33.02 31.13 

15 1.24 116.50 0.50 0.61 1.03 1.27 37.86 26.21 

16 1.37 114.29 0.51 0.70 1.05 1.44 38.10 24.76 

17 1.20 113.21 0.54 0.63 1.06 1.27 34.91 27.36 

18 1.23 111.11 0.54 0.66 1.08 1.33 34.26 30.56 

19 1.07 116.51 0.56 0.56 1.03 1.11 31.07 33.98 

20 1.15 106.19 0.54 0.61 1.13 1.30 36.28 30.97 

21 0.96 118.81 0.51 0.50 1.01 0.97 32.67 34.65 

22 1.06 113.21 0.54 0.55 1.06 1.13 33.02 31.13 

23 0.77 103.45 0.57 0.44 1.16 0.89 32.76 36.21 

24 1.06 113.21 0.54 0.55 1.06 1.13 33.02 31.13 
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Table E5. Kinematic data of hip, knee and ankle joints in sagittal, coronal and horizontal planes of participants with knee osteoarthritis: 

at initial contact 

Subject 

No. 

Hip Knee Ankle 

Flexion (+) / 

Extension (-) 

Adduction (+) / 

Abduction (-) 

Internal (+) / 

External 

rotation (-) 

Flexion (+) / 

Extension (-) 

Varus (+) / 

Valgus (-) 

Internal (+) / 

External 

rotation (-) 

Dorsiflexion (+) / 

Plantarflexion (-) 

Inversion (+) / 

Eversion (-) 

Internal (+) / 

External 

rotation (-) 

1 37.89 2.34 -16.79 5.10 -2.38 -15.03 7.90 -12.89 4.18 

2 37.59 5.59 -20.45 6.40 -7.82 9.09 9.65 -12.10 2.25 

3 29.27 -5.26 -12.24 6.01 6.95 -13.04 4.83 -9.54 -5.11 

4 31.34 0.89 -19.52 6.30 2.06 -11.28 -1.28 10.22 -9.75 

5 41.29 -5.03 2.41 -1.81 7.24 -10.38 5.38 -7.18 2.00 

6 7.18 1.71 -14.29 -12.50 3.64 -11.40 -3.40 0.32 0.53 

7 21.41 -6.68 -16.78 8.49 8.51 4.68 4.68 0.94 -11.20 

8 29.11 -1.58 -8.37 -3.65 -3.52 0.38 0.38 -5.20 0.49 

9 11.21 -16.75 -19.23 -6.70 8.41 2.06 2.06 -6.20 2.55 

10 31.43 2.05 -4.13 2.11 -2.42 8.45 8.45 -4.90 2.03 

11 23.32 0.30 -10.74 7.02 -4.76 -5.40 -5.40 1.35 1.47 

12 33.06 -0.88 -13.72 8.29 -1.90 7.27 7.27 -1.88 0.98 

13 33.32 -4.15 -22.94 0.37 4.75 -8.77 6.04 -4.21 2.08 

14 23.81 4.49 -11.61 6.12 2.85 -13.87 5.65 -1.35 2.06 

15 21.13 -2.34 -8.84 -0.69 1.04 3.14 3.14 -2.55 -6.48 

16 23.61 -0.01 -13.17 -2.70 -2.51 1.27 1.27 0.32 1.69 

17 26.08 0.02 -21.44 4.22 -0.20 -6.73 0.35 -5.10 2.08 

18 26.08 0.02 -21.44 4.22 -0.20 -6.73 0.35 -5.10 2.06 

19 31.75 -2.49 -10.08 4.56 -2.12 7.58 7.58 -6.37 3.85 

20 28.24 -2.47 11.46 3.99 6.68 6.85 6.85 -1.47 2.57 

21 28.84 -1.44 -20.24 6.25 6.82 9.19 9.19 -2.42 4.22 

22 35.29 -0.28 1.90 8.01 4.90 -13.24 2.22 -5.73 2.80 

23 16.20 -4.54 -12.60 3.21 4.90 -0.73 11.54 2.09 -5.22 

24 40.93 -3.34 18.38 -8.66 14.02 -23.95 0.18 5.00 -9.76 
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Table E6. Kinematic data of hip, knee and ankle joints in sagittal, coronal and horizontal planes of participants without knee 

osteoarthritis: at initial contact 

Subject 

No. 

Hip Knee Ankle 

Flexion (+) / 

Extension (-) 

Adduction (+) / 

Abduction (-) 

Internal (+) / 

External 

rotation (-) 

Flexion (+) / 

Extension (-) 

Varus (+) / 

Valgus (-) 

Internal (+) / 

External 

rotation (-) 

Dorsiflexion (+) / 

Plantarflexion (-) 

Inversion (+) / 

Eversion (-) 

Internal (+) / 

External 

rotation (-) 

1 36.29 1.29 -9.16 2.29 -3.78 -5.69 1.37 -7.71 1.17 

2 39.89 -0.92 -11.08 8.22 -6.06 -8.43 12.14 -9.88 3.71 

3 30.40 2.74 -11.74 7.74 -5.30 -8.38 11.08 -9.13 3.33 

4 38.00 -1.49 -4.14 2.39 0.70 -10.16 -8.38 -4.90 -7.57 

5 33.92 -2.08 -1.58 3.36 1.01 -6.07 1.89 -3.37 2.64 

6 40.37 -0.74 -11.10 -0.81 -1.45 -9.54 7.45 -8.91 2.48 

7 33.50 -1.13 12.12 0.98 3.29 -1.29 -13.47 -0.46 -5.74 

8 23.26 -1.19 12.30 -0.85 4.57 -13.02 1.74 1.00 1.96 

9 26.06 -5.32 -12.53 5.15 4.52 -8.33 -9.24 -4.1 0.81 

10 17.60 3.45 -6.98 -4.31 -1.32 -9.59 -0.20 -8.03 0.71 

11 24.00 6.50 -5.40 11.49 -9.28 -12.42 1.34 -6.98 1.14 

12 35.80 -0.64 -7.56 7.06 -1.76 -12.92 5.85 -3.80 1.66 

13 33.74 -1.57 -6.96 7.23 -5.26 -12.79 3.83 -9.87 2.04 

14 35.93 5.06 -11.88 0.60 -7.54 -5.21 3.48 -4.25 -4.21 

15 25.89 -1.49 -7.68 4.40 0.25 -6.83 8.10 -1.06 -7.06 

16 30.44 0.11 2.79 8.27 -3.93 -14.85 4.01 1.07 -6.74 

17 26.25 -0.68 -10.72 1.45 2.13 -12.74 4.54 -2.25 3.65 

18 35.16 -4.75 -11.48 1.01 3.59 -16.29 5.23 -3.89 0.61 

19 23.37 -2.12 -12.04 5.23 3.98 -11.54 8.08 -1.28 1.10 

20 29.52 -3.88 -7.97 1.90 -0.30 -10.53 3.61 -4.85 4.93 

21 25.94 -6.98 -6.63 1.75 2.75 -13.57 6.13 -4.16 2.69 

22 26.05 -3.02 -7.36 7.50 1.00 -9.76 -1.40 -2.44 0.36 

23 40.83 -6.10 -5.01 5.18 -1.27 -9.41 5.90 -2.33 -7.51 

24 38.28 -0.25 -7.23 4.06 -3.47 -8.87 8.70 -1.85 0.59 
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Table E7. Kinematic data of hip, knee and ankle joints in sagittal, coronal and horizontal planes of participants with knee osteoarthritis: 

at mid stance 

Subject 

No. 

Hip Knee Ankle 

Flexion (+) / 

Extension (-) 

Adduction (+) / 

Abduction (-) 

Internal (+) / 

External 

rotation (-) 

Flexion (+) / 

Extension (-) 

Varus (+) / 

Valgus (-) 

Internal (+) / 

External 

rotation (-) 

Dorsiflexion (+) / 

Plantarflexion (-) 

Inversion (+) / 

Eversion (-) 

Internal (+) / 

External 

rotation (-) 

1 13.67 4.22 -12.13 2.74 1.16 -10.94 4.18 -13.84 3.93 

2 10.19 11.15 -23.40 9.79 -6.84 7.20 17.06 -10.53 -4.00 

3 4.42 -1.51 -11.04 10.86 10.00 -3.03 15.48 -8.97 3.00 

4 11.56 1.73 -14.95 5.50 4.36 -10.06 14.29 9.46 0.73 

5 11.65 1.56 0.99 3.25 9.88 -9.29 6.06 -5.23 1.65 

6 11.87 1.43 -14.64 5.28 4.58 -9.06 14.76 9.29 1.73 

7 7.36 -1.57 -17.35 2.32 10.11 -5.51 6.55 0.75 -10.06 

8 10.66 9.58 -5.47 3.10 -4.36 -11.05 9.45 -4.93 3.16 

9 8.65 -11.86 -16.75 -0.97 7.99 -11.13 8.15 -7.9 -5.22 

10 7.58 5.56 -15.62 5.84 -3.92 -0.24 13.72 -6.44 3.80 

11 3.67 6.00 -18.39 9.73 -5.60 -4.18 5.61 2.13 0.66 

12 11.64 7.11 -7.98 13.83 -2.35 -7.71 13.96 -0.42 -1.68 

13 8.43 3.72 -20.04 -1.46 7.83 -9.05 7.33 -1.85 0.87 

14 5.33 5.44 0.42 6.82 5.82 -12.52 11.46 -0.01 -3.45 

15 10.44 2.85 -22.55 12.32 -1.57 -2.96 13.63 0.80 -7.3 

16 7.55 3.27 -17.67 0.06 -2.83 11.15 6.10 2.73 -8.18 

17 4.80 6.65 -15.24 15.39 -3.30 -4.37 15.00 -3.47 1.24 

18 4.67 6.29 -15.36 14.67 -3.11 -3.77 14.56 -5.65 1.11 

19 9.81 11.03 -10.50 9.58 -2.41 -10.71 9.62 -2.53 1.97 

20 4.69 3.79 12.44 6.71 9.79 -12.50 14.96 0.39 -3.84 

21 9.56 1.36 -22.32 8.30 9.11 -6.62 14.63 -1.16 7.82 

22 17.46 2.87 2.24 9.29 5.10 -20.09 10.25 -5.81 0.63 

23 -2.41 0.75 -16.00 11.08 2.58 2.21 14.93 -2.62 -7.24 

24 16.89 -9.30 -1.03 -25.90 16.90 -27.51 6.23 5.91 4.35 
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Table E8. Kinematic data of hip, knee and ankle joints in sagittal, coronal and horizontal planes of participants without knee 

osteoarthritis: at mid stance 

Subject 

No. 

Hip Knee Ankle 

Flexion (+) / 

Extension (-) 

Adduction (+) / 

Abduction (-) 

Internal (+) / 

External 

rotation (-) 

Flexion (+) / 

Extension (-) 

Varus (+) / 

Valgus (-) 

Internal (+) / 

External 

rotation (-) 

Dorsiflexion (+) / 

Plantarflexion (-) 

Inversion (+) / 

Eversion (-) 

Internal (+) / 

External 

rotation (-) 

1 16.88 7.79 -0.13 14.50 -2.58 -18.22 12.76 -2.56 3.73 

2 11.94 8.67 -5.41 10.63 -5.77 -19.39 18.21 -11.52 0.34 

3 7.42 6.25 -10.06 7.98 -1.18 -11.99 18.43 -12.35 3.62 

4 19.70 4.79 -20.35 6.20 -0.91 -15.30 6.91 -6.71 3.00 

5 19.45 7.18 -3.57 9.86 0.83 -17.18 7.46 -2.00 -3.64 

6 18.49 5.13 -16.24 6.43 -4.51 -3.56 15.49 -8.89 2.92 

7 11.12 4.65 13.47 6.75 5.59 -12.24 5.16 -0.53 -7.08 

8 6.50 4.79 7.00 -2.25 1.83 -7.01 6.07 1.36 3.42 

9 5.71 1.92 -14.28 9.53 3.63 -0.80 1.53 0.98 2.87 

10 0.88 5.59 -9.45 6.32 -2.11 -10.91 16.30 -8.08 4.66 

11 5.92 10.30 -9.21 15.83 -7.77 -13.49 13.97 -3.74 -1.90 

12 14.29 6.83 -14.59 7.45 -2.73 -5.59 12.42 -4.77 1.42 

13 5.95 7.76 -20.46 4.91 -1.86 -11.12 11.20 -7.15 2.85 

14 13.91 10.75 -18.26 6.57 -7.88 -14.27 12.53 -4.79 0.54 

15 1.49 7.05 -9.00 5.19 0.97 -7.04 11.81 -0.43 -11.49 

16 6.94 12.66 4.37 6.06 -3.67 -9.07 8.77 0.88 -6.98 

17 5.95 5.24 -14.56 9.55 1.52 -3.30 12.33 -1.94 9.55 

18 15.05 3.06 -8.84 12.72 2.47 -8.39 15.34 -0.23 -11.29 

19 2.00 6.21 -11.26 10.61 3.00 -3.08 14.45 -0.11 -10.85 

20 5.81 6.84 -12.08 6.08 -1.17 -6.64 9.89 -3.18 1.65 

21 8.55 -2.66 -13.92 8.39 11.10 -2.88 9.72 -3.22 4.24 

22 5.50 2.98 -8.38 10.34 1.39 -11.62 6.54 -2.39 3.87 

23 14.47 4.63 3.15 10.48 0.26 -16.76 10.47 -1.71 1.13 

24 6.93 6.10 -9.61 7.89 -3.13 -10.25 11.40 -2.84 3.85 
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Table E9. Kinematic data of hip, knee and ankle joints in sagittal, coronal and horizontal planes of participants with knee osteoarthritis: 

at toe off 

Subject 

No. 

Hip Knee Ankle 

Flexion (+) / 

Extension (-) 

Adduction (+) / 

Abduction (-) 

Internal (+) / 

External 

rotation (-) 

Flexion (+) / 

Extension (-) 

Varus (+) / 

Valgus (-) 

Internal (+) / 

External 

rotation (-) 

Dorsiflexion (+) / 

Plantarflexion (-) 

Inversion (+) / 

Eversion (-) 

Internal (+) / 

External 

rotation (-) 

1 4.54 -5.95 -8.75 27.91 -13.74 -2.53 -13.11 -4.27 1.98 

2 3.87 3.42 -14.54 36.37 -12.87 2.24 -8.05 -6.32 0.72 

3 -9.17 -10.54 -11.86 34.72 -4.64 -2.11 -16.51 -9.00 1.41 

4 4.88 -11.67 -10.56 41.60 3.73 -9.98 -17.39 10.32 10.00 

5 5.95 -13.77 2.89 43.44 9.42 -11.96 -9.66 -5.15 6.46 

6 -13.82 -1.14 -6.77 24.57 6.41 -8.69 -16.61 1.90 -4.00 

7 7.10 -7.03 -8.95 37.64 2.69 7.46 4.36 3.74 -6.87 

8 3.60 -6.45 -3.53 40.67 -0.97 -9.58 -16.90 -3.70 2.12 

9 -15.93 -13.10 -15.20 30.22 6.54 -11.64 -17.68 -8.11 3.70 

10 1.41 -7.39 -9.81 37.37 -5.60 2.38 -14.06 -4.62 4.33 

11 -0.69 -4.50 -4.52 41.63 -13.67 -1.58 -15.54 1.26 2.64 

12 6.57 -2.59 -2.32 49.46 0.23 -8.11 -2.83 -0.93 1.23 

13 1.70 -7.58 -12.47 42.57 0.61 1.04 -7.37 -2.55 1.71 

14 -1.79 -5.54 13.65 32.09 12.95 -11.60 0.47 1.84 -12.77 

15 6.71 -7.13 -17.06 49.35 -1.24 -2.41 -6.27 0.70 -6.00 

16 -4.98 3.58 -10.46 30.40 -6.58 7.34 2.11 6.37 -2.65 

17 -6.57 -6.58 -8.56 42.33 -1.42 -3.96 -6.54 -2.68 -6.36 

18 -6.33 -6.31 -8.31 41.45 -1.10 -4.87 -8.88 -2.47 -5.87 

19 -3.95 -1.13 0.73 39.40 2.91 -10.74 -9.82 -1.40 2.58 

20 -7.73 -8.38 14.53 29.26 6.92 -9.61 -8.81 -2.31 5.34 

21 -3.20 -5.16 -15.88 37.66 -0.44 -1.83 -5.57 -1.47 1.54 

22 12.26 -1.36 -10.70 32.98 13.40 -10.57 2.27 -3.95 0.86 

23 -11.30 -9.62 -4.02 43.46 -15.58 5.70 -3.62 -2.73 3.06 

24 10.08 -11.00 -8.75 16.19 11.67 -16.81 3.00 3.91 -3.75 

  



Ref. code: 25605812030517CGV

 

 

 

1
0
1
 

Table E10. Kinematic data of hip, knee and ankle joints in sagittal, coronal and horizontal planes of participants without knee 

osteoarthritis: at toe off 

Subject 

No. 

Hip Knee Ankle 

Flexion (+) / 

Extension (-) 

Adduction (+) / 

Abduction (-) 

Internal (+) / 

External 

rotation (-) 

Flexion (+) / 

Extension (-) 

Varus (+) / 

Valgus (-) 

Internal (+) / 

External 

rotation (-) 

Dorsiflexion (+) / 

Plantarflexion (-) 

Inversion (+) / 

Eversion (-) 

Internal (+) / 

External 

rotation (-) 

1 7.44 -2.18 -3.61 46.21 -2.51 -9.34 -20.19 -4.81 -9.56 

2 -0.43 -6.20 -20.80 34.78 -11.34 -8.53 -21.34 -11.20 -4.97 

3 -1.67 -7.60 -15.50 37.06 -9.20 -10.48 -4.07 -9.96 4.39 

4 9.08 -4.93 -11.43 44.45 -1.94 -9.93 -9.57 -2.61 1.89 

5 7.11 -3.80 0.17 38.97 2.98 -5.79 -5.32 -0.48 -3.20 

6 3.66 -4.57 -18.27 37.48 -11.47 -1.98 -13.58 -5.69 -4.42 

7 2.47 -8.35 12.80 38.14 12.28 -7.52 -19.74 0.82 2.76 

8 5.50 -5.71 14.74 32.53 8.32 -4.45 -1.70 2.59 0.21 

9 -3.62 -9.83 -16.31 37.56 -7.61 5.80 -14.45 0.98 3.49 

10 -2.70 -6.28 -23.59 38.43 -14.01 -5.28 -4.08 -7.20 2.96 

11 -9.35 2.55 -1.37 35.90 -1.36 -12.54 -6.36 -2.13 -7.66 

12 6.13 -9.44 -24.32 41.36 -9.79 -2.20 -9.70 -2.93 2.02 

13 -0.27 -10.87 -23.16 40.24 -13.35 -4.43 -24.62 -7.63 1.73 

14 1.05 -1.15 -8.43 41.57 -2.20 -10.11 -10.65 -2.45 0.59 

15 -9.22 -5.26 5.23 37.20 7.79 -0.13 -11.63 1.87 -9.21 

16 -10.64 -4.44 20.57 32.11 11.90 -4.50 -11.80 3.02 -9.28 

17 -10.70 -6.38 -25.28 35.56 -1.27 0.12 -7.94 -1.70 1.66 

18 0.17 -6.57 -11.74 38.50 -1.14 -0.39 -1.61 -1.58 -10.74 

19 -5.72 -8.30 -16.76 42.28 -6.26 2.39 -10.32 -2.47 -3.62 

20 -10.71 -7.42 -7.55 30.54 -2.34 -5.59 -14.90 -4.66 -0.28 

21 1.33 -10.24 -22.89 40.34 3.90 6.24 -0.55 -1.64 2.38 

22 -5.88 -7.71 -6.82 39.95 0.52 -6.89 -16.32 -2.17 4.45 

23 -3.30 -3.54 6.54 33.60 7.01 -5.77 -13.11 -0.78 -2.61 

24 10.08 -3.72 -12.07 43.35 -6.95 -3.00 -3.84 -1.98 3.09 
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Table E11. Kinematic data of hip, knee and ankle joints in sagittal, coronal and horizontal planes of participants with knee osteoarthritis: 

at mid swing 

Subject 

No. 

Hip Knee Ankle 

Flexion (+) / 

Extension (-) 

Adduction (+) / 

Abduction (-) 

Internal (+) / 

External 

rotation (-) 

Flexion (+) / 

Extension (-) 

Varus (+) / 

Valgus (-) 

Internal (+) / 

External 

rotation (-) 

Dorsiflexion (+) / 

Plantarflexion (-) 

Inversion (+) / 

Eversion (-) 

Internal (+) / 

External 

rotation (-) 

1 31.44 -3.47 -17.91 55.07 -8.72 -10.63 6.56 -7.88 -4.83 

2 31.37 4.97 -4.64 47.28 -10.32 -1.24 -1.41 -3.21 -2.63 

3 27.14 -6.85 -18.24 57.77 -9.01 -6.00 5.85 -3.94 -2.05 

4 24.97 -5.95 -3.60 59.09 0.02 -0.55 -10.54 3.09 -2.00 

5 35.50 -9.19 5.09 48.64 10.72 -6.10 6.75 0.05 0.06 

6 13.57 -7.28 1.63 39.72 3.55 -12.02 -10.19 0.98 -14.00 

7 20.01 -8.21 -18.15 39.69 4.10 7.19 8.59 4.36 -9.32 

8 24.79 -3.86 -1.17 53.14 1.28 -7.47 -0.96 -2.15 -8.12 

9 13.29 -8.41 -4.99 49.86 10.27 -9.16 1.65 -5.86 -7.09 

10 27.37 -3.10 -21.37 53.68 -1.38 2.46 5.52 -0.93 1.54 

11 22.75 -4.70 -4.67 54.29 -12.77 -1.39 -1.24 0.32 -4.67 

12 27.53 -2.53 -5.02 51.35 -0.56 -5.12 9.30 2.22 -8.97 

13 30.63 -8.12 -11.21 57.54 -5.95 9.86 6.88 1.83 -9.65 

14 13.79 -4.14 4.72 44.88 3.29 -6.27 5.69 3.47 -10.56 

15 23.58 -7.42 -13.73 51.61 2.89 -2.58 12.11 2.32 -3.00 

16 19.96 -0.74 -15.66 51.29 -6.78 5.98 5.89 6.76 -3.45 

17 22.57 -4.60 -5.98 53.63 -3.45 0.47 15.46 1.95 -9.87 

18 22.14 -4.57 -5.12 53.04 -3.12 0.05 10.15 0.84 -8.15 

19 24.16 -1.35 2.18 56.69 8.27 -5.82 3.28 2.63 -6.00 

20 24.57 -1.69 21.93 46.63 1.73 -8.68 7.86 0.27 -3.90 

21 19.56 -3.40 -17.13 53.37 -2.92 -0.91 6.38 0.50 0.85 

22 27.01 -1.31 7.42 42.40 13.44 -20.38 7.26 -2.88 -3.20 

23 9.92 -10.27 -32.64 55.07 -17.95 5.14 9.38 -0.25 -2.72 

24 29.80 -7.01 9.15 48.38 14.54 3.12 8.30 9.00 -3.40 
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Table E12. Kinematic data of hip, knee and ankle joints in sagittal, coronal and horizontal planes of participants without knee 

osteoarthritis: at mid swing 

Subject 

No. 

Hip Knee Ankle 

Flexion (+) / 

Extension (-) 

Adduction (+) / 

Abduction (-) 

Internal (+) / 

External 

rotation (-) 

Flexion (+) / 

Extension (-) 

Varus (+) / 

Valgus (-) 

Internal (+) / 

External 

rotation (-) 

Dorsiflexion (+) / 

Plantarflexion (-) 

Inversion (+) / 

Eversion (-) 

Internal (+) / 

External 

rotation (-) 

1 32.41 -0.54 18.87 50.51 6.42 -10.88 2.10 -0.12 -3.01 

2 34.00 -1.58 -11.21 52.54 -7.33 -10.52 14.77 -5.34 -2.46 

3 23.97 -1.06 -17.78 53.69 -11.55 -4.04 9.41 -2.75 -5.04 

4 33.29 -4.20 10.92 51.86 5.12 -10.91 2.44 1.13 -5.25 

5 20.12 -4.94 2.49 52.31 5.30 -2.12 -0.41 0.84 -2.86 

6 31.37 -3.62 -22.02 53.93 -8.49 -4.09 7.94 -2.24 0.12 

7 26.00 -4.57 25.37 50.24 4.23 -8.75 -15.11 -1.37 -10.64 

8 19.73 -6.91 19.91 45.02 5.11 -11.06 2.68 4.25 -9.93 

9 24.00 -8.69 -26.91 49.72 -11.47 3.61 -4.49 1.64 0.64 

10 20.21 -2.27 -22.8 41.29 -9.10 -10.48 8.48 -4.76 -6.42 

11 12.47 1.25 10.32 52.70 10.19 -10.78 4.97 2.03 -6.50 

12 29.31 -6.15 -14.23 56.93 -5.17 -7.56 4.34 -0.33 -3.07 

13 26.82 -4.70 -22.44 59.20 -10.30 -4.65 2.54 -1.36 -3.63 

14 27.84 0.38 3.21 57.10 7.29 -8.47 6.42 0.82 -10.51 

15 21.80 -2.12 1.29 59.71 1.96 3.65 5.44 3.00 -7.74 

16 16.53 -4.58 31.18 53.76 8.81 0.05 -0.39 6.04 -9.47 

17 15.86 -7.77 -15.20 57.59 -1.54 3.12 7.32 1.12 -8.20 

18 32.11 -6.88 4.65 52.37 10.12 -6.60 10.27 2.65 -4.95 

19 20.39 -2.77 -6.05 55.19 -2.18 1.52 9.00 3.30 -10.72 

20 22.40 -5.19 -7.03 55.77 -2.97 -1.80 7.14 -0.78 -6.16 

21 21.88 -9.46 -9.60 55.91 9.68 6.28 9.07 0.54 -4.35 

22 17.60 -7.27 -3.80 58.18 5.49 -7.69 -0.94 -0.19 -1.58 

23 30.36 -4.24 6.75 53.00 10.77 -11.89 4.80 -0.28 -5.08 

24 32.39 -3.63 -2.24 56.63 -1.16 -12.23 8.99 2.25 -7.24 
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