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ABSTRACT 
 

 

 

Background: Gait abnormalities are common in children with Juvenile idiopathic arthritis 

(JIA), and early detection is crucial to reduce walking disability, which is a significant aspect 

of daily life. Analyzing gait in this population provides vital information about joint issues and 

walking patterns, guiding treatment goals. Addressing gait asymmetry can enhance a child's 

functional abilities, participation in activities, and overall quality of life (QoL). 

Purpose: To determine the incidence of gait asymmetry in children with JIA and to further 

determine the association between gait asymmetry and disease severity and functional 

capacity 

Study design: Cross-sectional Observational study. 

 

Methods: A total number of 14 children between 6-16 years of age (accompanied by their 

parents) that are diagnosed with JIA, were recruited. They were recruited between April and  

October 2023 at Tygerberg Hospital, Bellville, Cape Town during routine medical check-ups. 

The six minute walk test (6MWT) was used to assess gait-related variables using the Active 

Postural Dynamic Model (APDM) wearable Technologies® incorporated within the Mobility 

Lab software package. We focused on the examination of five gait parameters related to the 

lower limbs: 1) Gait cycle duration, 2) gait speed, 3) time in stance phase, 4) stride length, and 

5) time in swing phase. The test was administered in a 25 meters walkway, which was measured 

using a tape measurer, two cones were placed on each end, one at the beginning and one cone 

at the end of the distance. 

Results: We found a statistically significant difference in gait speed and stride length (p=0.031 

and p=0.046, respectively) for the total group, considering left and right leg. Gait asymmetry 

was found in 8 of 14 participants when the effect size was calculated. No significant differences 

were found when comparing four of the gait variables between the asymmetry and no 

asymmetry groups. However, a statistically significant difference was observed in stride 
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length (p = 0.04 left and p = 0.03 right) in the asymmetry and no asymmetry group. There was 

no statistical significance between the disease activity and the asymmetry group (p = 0.627). 

No statistically significant difference was observed in the total distance achieved in both the 

asymmetry and no asymmetry group on the 6MWT. 

Conclusion: Our study underscores the significant impact of gait speed and stride length on gait 

asymmetry in children with JIA. These gait parameters exhibited the greatest discrepancies among 

participants, with stride length closely associated with gait asymmetry and gait speed significantly 

correlated with the total distance achieved during the 6MWT. These findings suggest that both 

stride length and gait speed are critical factors in understanding gait asymmetry and the functional 

limitations experienced by children with JIA. 

Key words: Juvenile idiopathic arthritis, gait analysis, gait asymmetry, disease activity, functional 
capacity
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CHAPTER I: INTRODUCTION AND SCOPE OF THE DISSERTATION 
 

 

The background of this thesis is introduced in the first chapter. Then, the problem area is 

discussed next to provide a deeper understanding of the effect of Juvenile Idiopathic Arthritis in 

children. The research questions and the research aims/ objectives are stated. At the end of the 

chapter the outline of this research is presented. 

 

1.1 Background 
 

There is limited research on the prevalence of gait asymmetry in children with Juvenile 

Idiopathic Arthritis (JIA) in South Africa. However, existing studies have highlighted the effects 

of JIA on gait, including a crouch-like gait with hyperflexion in the hip and knee joints, less plantar 

flexion in the ankle, slower gait velocity, shortened step length, decreased Range of Motion 

(ROM) at the hip, knee, and ankle, and decreased joint power (Vincent et al., 2022; Woolnough 

et al., 2021). These gait deviations can lead to reduced physical capacity and functional 

limitations, making it crucial to understand the impact of JIA on gait patterns in children (Kuntze 

et al., 2020). Therefore, gait analysis serves as a valuable tool in identifying gait abnormalities, 

informing treatment and rehabilitation strategies. Further research is needed to determine the 

prevalence of gait asymmetry in children with JIA in South Africa and to explore if disease activity 

is associated with gait asymmetry. 

 

There is an increase in research on gait abnormalities in children with JIA as noted by (Kuntze 

et al., 2020). Therefore, it is important to detect gait complications early in children with JIA to 

provide the necessary treatment to reduce walking disability – the most common component of 

activities of daily living (Vincent et al., 2022). It is imperative that gait is sufficiently analyzed 

in children with this condition, as it provides important information about joint alterations and 

gait patterns that will determine the treatment goals (Montefiori et al., 2019).
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Gait abnormalities in patients with JIA are typically addressed initially through use of medical 

drugs, such as disease-modifying agents to try and decrease symptoms and possible disability in 

children with JIA (Bazarnik-Mucha et al., 2022; Morita et al., 2018). While early medical 

intervention is generally recommended for JIA patients, a significant number of them still have a 

progressive functional deficit as well as subsequent limitations such as active joint contractions, 

decline in muscle strength, and a reduction in physical activity (PA). As a result of these changes, 

their quality of life (QoL) is negatively affected (Bazarnik-Mucha et al., 2022; Morita et al., 

2018; Weiss et al., 2008). 

 

While there is a growing body of literature on gait analysis and juvenile idiopathic arthritis, there 

is a noticeable gap in research specific to gait asymmetry in children with JIA in the South African 

context. This dissertation aims to fill this gap by investigating the identification of gait asymmetry 

and its implications on the lives of children with JIA in Western Cape, South Africa. The rationale 

behind this research is rooted in the need for tailored interventions that consider the unique socio-

cultural and healthcare landscape of South Africa to address the specific challenges faced  by these 

children. 

 

1.2 Purpose of the study 

 

This study was conducted as a sub study within a larger project led by Stellenbosch University. 

The primary study, titled "Assessing the validity and reliability of a physical performance test 

battery for children with JIA,” aimed to evaluate various physical performance tests including 

the six-minute test (6MWT) to ensure they are accurate and reliable for use in children with JIA. 

Within the scope of this broader research, our study chose to focus specifically on the 6MWT as 

a tool to evaluate gait asymmetry in children with JI This research topic was chosen as there is a 

significant lack of evidence on gait asymmetry in children with JIA, therefore, we aimed to 

contribute to the understanding of this important aspect of physical function in this population. 
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The purpose of this study is to identify gait asymmetry in children with JIA in Western Cape, 

South Africa, and explore its impact on their functional performance and PA. It is important that 

gait is evaluated as the disease impacts their physical performance, which further has an impact 

on their cardiorespiratory fitness, muscle strength, bone density, ROM, functional ability, and 

QoL (Klepper et al., 2019). By identifying and understanding these gait abnormalities, healthcare 

professionals can better assess the severity of the condition, track disease progression, and 

develop targeted interventions to improve the QoL and functional ability of children with JIA. 

Furthermore, this research aims to contribute to the literature and inform future research, policy 

development, and interventions to improve the QoL and overall mobility in children with JIA. 

 

This study is significant because it will contribute to the existing body of knowledge on gait  

asymmetry in children with JIA, particularly in the South African context. By identifying gait  

asymmetry and its impact on functional performance and PA, we can inform interventions and 

policies aimed at improving the QoL for children with JIA in South Africa and beyond. Finally, 

by addressing gait asymmetry early in the lives of these children, the study seeks to enhance their 

overall QoL and future outcomes. 

 

This thesis will employ a kinematic   approach to analyze the gait patterns in children with JIA. 

The Active Postural Dynamic Model (APDM) wearable Technologies from Mobility Lab 

software package was used to analyze gait patterns through the 6MWT in order to quantify any 

abnormalities and identify key features of gait in children with JIA, such as gait speed, stride 

length, gait cycle, time in swing phase and time in stance phase. 

 

1.3 Research questions 
 

According to the literature reviewed the following questions arise: 1. Are there gait asymmetries 

in children diagnosed with JIA that are between the age of six and sixteen years? 2. Is there a 

relationship between gait asymmetry, disease activity and functional capacity in children 
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diagnosed with JIA? 

 

1.4 Research aims and objectives 

 

Therefore, the primary aim of this present study is to investigate the presence of gait asymmetries in 

children diagnosed with JIA between the age six and sixteen years old. The secondary aim is to 

investigate if there is a relationship between gait asymmetry, functional capacity and disease activity 

in children diagnosed with JIA. 

 

1.5 Objectives 

 

Based on the research questions, this study seeks to identify gait spatiotemporal parameters affecting 

gait asymmetry and determine how this knowledge can be applied in clinical settings for a more 

specialized treatment goals in children with JIA. Therefore, the specific objectives are as follows; To 

assess gait asymmetry and how they will perform in the 6MWT protocol, analyze the data to determine 

the presence and the extent of gait asymmetries in the study population, and observe if there is any 

correlation between gait asymmetry and functional capacity with the levels of disease activity in 

children with JIA. 

 

1.6 Hypothesis 

 

We hypothesize that children with JIA will exhibit significant spatiotemporal gait asymmetries. 

Furthermore, we expect that there is a positive relationship between the degree of spatiotemporal gait 

asymmetry and the level of disease activity in this population. 

 

1.7 Outline of the dissertation 

 

This thesis is divided into six (6) chapters. In the first chapter the background of this thesis is 

presented followed by the rationale and problem statement, this chapter also includes research  
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aim, objectives, and conceptual model. In chapter two, we reviewed the existing literature on 

children with JIA, highlighting the gaps and limitations of previous research and the need for the 

present study. Methodology is fully presented in chapter three which describes the research 

methods used to collect and analyze data, ensuring the validity and reliability of the findings. 

Chapter four presented the findings of the study, including any trends, patterns, or relationships 

identified in the data. Lastly, chapter five will delve deeper into the discussion of the main 

findings of the study and compared them to previous researchers, as well as the limitations and 

future recommendation and ended with the conclusion. 
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CHAPTER II: LITERATURE REVIEW 
 

 

The following chapter provides a narrative literature review summarizing the most recent and 

relevant studies that are related to our research questions presented in the previous chapter. This 

chapter delves deeper into the disease, its effects on gait and previous research conducted on the 

topic. 

 

2.1 Introduction 

 
Juvenile idiopathic arthritis (JIA) is an autoimmune condition resulting in heterogenic 

inflammatory joint disease and is considered the most prevalent chronic rheumatologic disease 

in children (Kuntze et al., 2020) . It encompasses a diverse group of arthritic conditions with an 

unknown etiology, typically starting before the age of 16 (Bazarnik-Mucha et al., 2022; Kuntze 

et al., 2020). The exact cause of the disease remains poorly understood, but it appears to be 

influenced by both genetic and environmental factors, leading to the wide range of signs and 

symptoms observed (Barut et al., 2017). Furthermore, prolonged periods of active arthritis can 

hinder muscle development, resulting in overall growth delay, uneven limb lengths, joint  

erosion, and reduced quality of life (QoL) (Barut et al., 2017; Klepper et al., 2019). While there 

are no curative drugs available, considerable progress has been made in managing the disease, 

resulting in improved prognosis (Al-Mayouf et al., 2021; Weiss et al., 2008)  for this widespread 

chronic disease, however, additional research into the disease and aspects affecting their QoL, 

such as gait asymmetry, could aid in creating more specific treatment modalities. 

 

The prevalence of JIA varies across different regions across the world. However, due to the 

lack of standardized classification methods and the diverse frequency of the disease in various 

regions, the exact prevalence and incidence of JIA remains inconclusive (Thatayatikom & De 

Leucio, 2020). Numerous studies on JIA have yielded inconsistent results. Globally, the 

prevalence of this disease is estimated at 3.8 per 100 000 with an incident rate of 1.6-23 per 100 
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000 children (Al-Mayouf et al., 2021). In contrast, Khodra et al. (2020) has reported an 

incidence of the disease ranging from 1-23 cases per 100 000 children with a prevalence of 3.8 

to 400 cases per 100 000 children in Alaska. Furthermore, a study conducted in Africa and Middle 

East reported a prevalence of 3.8 to 400 cases per 100 000 children with JIA (Al-Mayouf et al., 

2021). Notably, a study conducted in Australia revealed a remarkably high prevalence of 400 

cases per 100 000 children (Adrovic et al., 2021). Understanding the epidemiological 

characteristics of the disease is crucial for assessing the impact of genetic and environmental 

factors on its prognosis. Thus, providing valuable insights into appropriate treatment 

approaches and improving preventive healthcare methods. 

 

Thus far there is still no exact consensus regarding the precise prevalence of this condition in 

developing countries, this may be attributed by the lack of trained pediatric rheumatologists in 

African countries (Weakley et al., 2012) . For instance, according to statistics from South Africa 

there are only nine trained pediatric rheumatologists in the country and training each specialist  

costs around one million. Moreover, in South Africa, the prevalence of JIA has been poorly 

documented (Weakley et al., 2012) . As a result of delayed specialist referrals, children 

commonly face a delay in receiving an early diagnosis, typically occurring around the age of eight 

years. Presently, the median age at which children are diagnosed with JIA is 13 years (Weakley 

et al., 2012). A delay in diagnosis can have a huge detrimental effect on the development of 

children and their QoL and can result in short- or long-term disability (Klepper et al., 2019). 

Therefore, it is important that diagnosis is made on time, as this condition can result in disability 

and in severe cases mortality. 

 

2.2 Diagnosis and treatment of Juvenile Idiopathic Arthritis (JIA) 

 

According to the International League of Associations for Rheumatology (ILAR) diagnosis is 

made after all other forms of inflammation that affect joints (synovitis/ bursitis) have been 

excluded (Ringold et al., 2019). The main criteria for diagnosing the disease include the onset 
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of symptoms before the age of 16 and inflammation in at least one joint persisting for more 

than six weeks while excluding other potential causes of joint inflammation (Weiss et al., 

2008). Complications of the disease can range from growth retardation and osteoporosis 

resulting from both treatment and disease activity to a severe condition which further results in 

complications with diagnosis (Barut et al., 2017). Furthermore, the disease subtype is 

determined at the onset and may be reassessed during the follow-up. Initial classification is 

based on the clinical features observed within the first six months of the disease (Barut et al., 

2017). The emergence of new clinical features during the disease course determines the final 

subtype. 

 

The impact of JIA Is further observed by the significant decrease in the QoL in affected 

children, extending beyond the physical symptoms associated with the disease (Vincent et al., 

2022). Consequently, the chronic pain, joint stiffness, and limitations in mobility can restrict a 

child’s ability to engage in age-appropriate activities, participate in sports, and socialize with 

peers as previously reported in literature (Gueddari et al., 2014). Furthermore, the unpredictable 

nature of JIA flares and the need for frequent medical appointments and treatments can disrupt 

school attendance and academic performance, leading to feelings of frustration and isolation 

(Lelieveld et al., 2005). In addition, the emotional toll of living with a chronic condition can 

result in anxiety, depression, and reduced self-esteem in children with JIA (Moorthy et al., 2010). 

The overall QoL is profoundly affected by the interplay of physical, social, and psychological 

factors. 

 

There are six subtype groups in which JIA is divided into, with the primary purpose of enhancing 

communication among physicians worldwide regarding epidemiology, therapeutic strategies, 

and patient outcomes (Weiss et al., 2008). The most prevalent subtype of the disease is 

Oligoarticular JIA which affects about 50%-60% of the population (Weiss et al., 2008). In 
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addition, it is mostly prevalent in young females and typically affects up to four or more joints 

after the first six months (Saurenmann et al., 2007). Followed by Systemic JIA (sJIA), which 

affects 10-20% of the population and is characterized by recurrent fever and rash episodes 

(Barut et al., 2017). Seropositive polyarticular JIA, shares similarities with adult rheumatoid 

arthritis (RA), and is observed in fewer than 10% of pediatric patients and is mostly prevalent 

within the South African population (Barut et al., 2017; Weakley et al., 2012). On the other 

hand, seronegative polyarticular JIA involves widespread inflammation affecting both large 

and small joints throughout the body (Zaripova et al., 2021). The enthesitis-related arthritis 

(ERA) is a distinct subtype of the disease, characterized by inflammation at the sites where 

tendons and ligaments attach to the bone, and non-symmetrical JIA primarily affects the lower 

extremities (Barut et al., 2017). Subtype classification enables a method to standardize the 

diverse groups, establish appropriate treatment options, devise follow-up strategies, and predict 

disease prognosis (Weiss et al., 2008). 

 

The treatment for JIA has evolved over the last two decades. A body of literature has reported 

that nearly all children with JIA experience persistent or recurring pain and almost 60%-70% 

of them have limitations in participating in physical activities (Vincent et al., 2022). However, 

the introduction of new therapies in the past two decades has led to a significant advancement  

in the treatment of JIA, resulting in improved long-term outcomes. For instance, a study 

published by Murray et al. (2021) mentioned that treatments such as methotrexate and, less 

often, sulfasalazine and leflunomide have long been used for polyarticular JIA with success for 

most patients.  In addition, a review by Beukelman (2014) mentioned that recent developments in 

the treatment of systemic JIA demonstrate beneficial features, including marked clinical benefit 

and confirmation of the pathogenic role of molecular targets. 
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Managing JIA requires a collaborative approach involving a skilled team of healthcare 

professionals, including a pediatric rheumatologist, ophthalmologist, orthopedist, pediatric 

psychiatrist, and physical therapist Stinson et al. (2012). The main treatment goals are to 

eliminate active disease, restore normal joint function, support healthy growth, and prevent  

long term joint damage (Backström et al., 2019; Barut et al., 2017). Often PA and movement 

therapies can induce beneficial results towards children with JIA achieving functional and 

independent lifestyles. Understanding gait and gait patterns form a large component of 

functional movement and potential effective interventions, and thus exploring JIA-specific gait 

patterns is of great value. For this study’s purpose, it is important to first  understand gait 

biomechanics and then explore JIA specific gait deviations. 

 

2.3 Gait 

 
Walking is a complex physical process that is predominantly regulated by both the neural and 

musculoskeletal systems (Fang et al., 2018). Normal gait is a series of smooth and well- 

structured rhymical movements, that is characterized by symmetrical loading patterns (the left 

and right limbs behave similarly), long stride length, increased cadence, and normal gait speed 

(Fang et al., 2018; Vazquez-Galliano et al., 2014; Woolnough et al., 2021). Walking speed, 

cadence (number of steps per minute), and stride length (linear distance travelled by one gait 

cycle) have been widely studied in literature as they are crucial in walking (Carroll et al., 2015; 

Weiss et al., 2008) . The ability to walk is a crucial component of everyday life activities that 

is however often impaired in children with JIA (Morita et al., 2018). Therefore, it is crucial that 

these gait complications observed in children with JIA are detected early in order to provide 

necessary therapy. 

 

2.4 Gait Cycle 

 

The gait cycle is a fundamental concept in the study of human locomotion, extensively 
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investigated in research related to biomechanics and rehabilitation. It encompasses a complete 

sequence of events that occur during walking, from one heel strike of a foot to the subsequent 

heel strike of the same foot (Kharb et al., 2011). It is conventionally divided into two main phases: 

the stance phase and the swing phase. During the stance phase (which accounts for 60% of the 

gait cycle), the foot is in contact with the ground, providing stability and propulsion (Kharb et 

al., 2011). It is further divided into sub-phases, including initial contact, loading response, 

mid-stance, terminal stance, and pre-swing. The swing phase, on the other hand (40% of the 

gait cycle), involves the leg being lifted and propelled forward, preparing for the next stance 

phase (Kharb et al., 2011). It is divided into three sub-phases: initial swing, mid-swing, and 

terminal swing. Throughout the gait cycle, various joints, muscles, and body segments work 

synergistically to generate efficient and coordinated movement (Kharb et al., 2011). 

Understanding the complexes of the gait cycle is crucial for assessing normal and pathological 

walking patterns, evaluating interventions, and developing effective rehabilitation strategies for 

individuals with gait impairments like JIA. 

 

 

 

Figure 2.1: A figure presenting the phases of gait cycle (extracted with permission from a 

study by Castermans and colleagues, Brain Sciences, 2014, 4, p. 4 (Castermans et al. 2014; 

doi:10.3390/brainsci4010001). 
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The phases of the gait cycle most affected were believed to be initial and final contact. A study 

conducted by Hartmann et al. (2010), has found some gait deviations during the stance phase in 

the lower extremities in children with JIA. Moreover, the impact is observed through a decrease 

in muscular strength/atrophy, bone density, Range of Motion (ROM), and aerobic capacity, and 

thus affecting their QoL (Hartmann et al., 2010; Kuntze et al., 2020). Furthermore, JIA can lead 

to joint deformities which can lead to long-term health problems, including fatigue during PA, 

contractures, or subluxations, which further affect joint alignment and mechanics during 

walking (Woolnough et al., 2021). For instance, knee joint involvement may result in flexed or 

extended knees, further distorting the gait pattern as previously observed  (Hartmann et al., 

2010). Therefore, these distinct gait differences require targeted treatment options to improve 

function such as focusing on knee strengthening and gait retraining to enhance mobility. These 

gait alterations in children with JIA highlight the significant impact of the disease on their 

mobility and emphasize the need for comprehensive assessment and targeted interventions to 

improve their gait function and overall QoL. 

 

2.5 Juvenile Idiopathic Arthritis (JIA) and Gait Characteristics 

 
Gait characteristics in children with JIA have been a focal point in understanding the impact of the 

disease on walking and overall QoL. Children with JIA exhibit distinct characteristics in their 

walking patterns which are often different from their healthy counterparts (Hartmann et al., 2010) 

(Broström et al., 2002). Previous research has been done on this population and it has been 

established that their gait often displays to be characterized by a trend towards flexion at the hip, 

knee and ankle joints, leading to a crouch-like gait (Hartmann et al., 2010; Merker et al., 2018). 

Additionally, abnormal joint kinematics such as decreased dorsiflexion and plantarflexion at the 

ankle and altered knee flexion-extension cycles have been associated with uneven and asymmetric 

gait patterns (Merker et al., 2018).  
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The compensatory mechanisms, such as increased pelvic tilt and reduced gait speed are common 

in this population as they attempt to minimize pain and discomfort during walking (Hartmann et 

al., 2010; Kuntze et al., 2020).The slowed walking speed is often accompanied by shortened step 

length, which can be attributed to the reduced ROM in the affected joints (Hartmann et al., 2010; 

Vincent et al., 2022). This characteristic was associated with pain and inflammation, which results 

in compensation mechanisms to avoid inflamed and painful joints.  

 

Furthermore, previous studies have suggested that gait abnormalities reflect the overall functional 

ability of children with chronic arthritis (Kuntze et al., 2020; Woolnough et al., 2021). Evaluating 

gait may be at the least a tool to assess their functional ability in tracking disease progression. 

 

2.6 Gait spatiotemporal parameters 

 

In recent years, research has evolved and investigating the spatiotemporal gait parameters has 

increased in children with JIA. Studies have consistently reported a decrease in gait speed, cadence, 

step length and stride length in this population. According to Merker et al. (2018), children with 

JIA showed a notable decrease in walking speed associated with an anterior tilt of the pelvis and 

a restricted extension of the lower limb joints. In addition, Broström et al. (2002) examined the 

gait in children with JIA with reference to gait velocity, ground reaction force and temporal 

parameters and found that the mean walking velocity for children with JIA was significantly less 

than for the healthy controls. Furthermore, Shaw et al. (2006) revealed that children with JIA 

exhibited decreased walking speed, shorter stride length, increased stance time, and altered joint 

motion as compared to their healthy counterparts. These studies, among others, contribute to our 

understanding of gait parameter abnormalities and their impact on functional mobility in children 

with JIA. However, it is worth noting that some of these studies did not consider the potential 

influencing factors, such as the current state of disease activity (active or inactive), when 

assessing gait parameters. 
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2.7 Gait Analysis in Juvenile Idiopathic Arthritis (JIA) 

 

Objectively analyzing the gait of children without specialized methods such as three-dimensional 

motion sensors which are considered gold standard (Muro-de-la-Herran et al., 2014), in a clinical 

setting poses challenges due to the complex and rapid nature of their movements, and the often 

expensive and cumbersome equipment it requires. Traditional methods such as observation, 

video analysis on a walkway or treadmill, and gait scales and questionnaires are subjective and 

often lack the ability to provide quantitative, objective measures of gait parameters (Muro-de-la-

Herran et al., 2014). Furthermore, these methods cannot assess factors such as kinetics and 

muscle activity involved in gait, with their accuracy dependent on the clinician’s experience 

(Kyriazis, 2001). 

 

Therefore, in recent years they have started using motion sensors for gait analysis as opposed to 

observational gait analysis (like observational gait scale and Edinburgh visual gait score), video 

analysis or gait scales and questionnaires which were subjective and lacked the ability to provide 

quantitative, objective measurements of gait parameters (Hulleck et al., 2022; Muro-de-la-

Herran et al., 2014). Furthermore, these traditional methods could not assess factors such as 

kinetics and muscle activity involved in gait, and the accuracy was dependent on the clinician’s 

experience (Kyriazis, 2001). The emergence of instrumented gait analysis using motion sensors 

allowed for a more comprehensive, qualitative evaluation and evaluation in gait analysis (Muro-

de-la-Herran et al., 2014). In this study, we utilized the use of APDM sensor to analyze gait in a 

25-meter walkway to capture the children’s natural walking patterns in a clinical setting. 

 

Gait analysis can be used as a method to measure the progress of the disease as it provides 

valuable insights into the biomechanical characteristics, walking patterns, and functional 

limitations associated with JIA (Broström et al., 2002). Assessing gait during the early stages of 
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the disease may be useful in identifying both the progression of the disease and the effectiveness 

of the treatment interventions (Fairburn et al., 2002). Gait analysis in children can be evaluated 

using various methods, categorized into non-wearable sensors (NWS) and wearable sensors 

(WS), where NWS systems rely on specialized research facilities and controlled by walkways to 

gather data, while WS systems allow for a collection of gait information during a person’s normal 

daily routines, outside of a laboratory setting (Muro-de-la-Herran et al., 2014).   

 

These different methods have been previously used by different researchers. For example,  

Fairburn et al. (2002) used an in-house visual vector system and the novel PEDAR in-shoe 

plantar pressure measurement system, which incorporates both non-wearable (NWS) and 

wearable sensors (WS) for gait analysis. The combination of NWS and WS allows for a more 

comprehensive assessment of gait by capturing external visual data (NWS) and internal foot 

pressure distribution (WS), providing a detailed understanding of the biomechanical gait 

abnormalities in children with JIA. They have found four different gait patterns in this population 

for example a near normal gait (pattern I), gait affected by lower limb pain (pattern II), gait 

affected by lower limb deformity (pattern III), and a combination of pain and deformity affecting 

gait (pattern IV) were identified (Fairburn et al., 2002).  

 

More research has been conducted on NWS. For example, Montefiori et al. (2019) proposed a 

Magnetic Resonance Imaging based methodology to analyze the link between joint impairment 

and joint loading when they were walking. A notable finding from the study was the correlation 

between impairment in one limb and increased load on the opposite limb, suggesting 

compensatory mechanisms that might put the contralateral limb at risk, particularly at the knee 

joint level. Furthermore, a study conducted by Merker et al. (2018) using three-dimensional 

(Vicon) motion analysis system to assess functional deficits in children with JIA, has found that 

children with JIA showed slower gait as compared to their healthy counterparts.  
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Moreover, some studies have utilized the use of WS in this population to assess gait while 

walking. For example, Kuntze et al. (2020) assessed for gait adaptations in this population using 

reflective spherical markers attached to the skin (WS) gait kinematics between   JIA and typically 

developing youth and observed deviations in joint angles, suggesting that even with low disease 

activity, youth with JIA adapt their gait to avoid joint inflammation and pain. It is important to 

note that these systems as much as they provide valuable data, they are considered expensive, 

time consuming and more suitable for laboratory assessments than in clinical settings. 

 

With evolving technology, inertial sensors are increasingly being used in research and clinical 

settings. In addition to WS, there has been an increase in the use of inertial sensors for gait analysis 

in clinical settings. The use of the different gait analysis methods helps provide valuable 

information to address specific gait deviations, prevent further restrictions, and improve overall 

mobility their QoL. Moreover, using inertial sensors for spatiotemporal gait analysis may be 

acceptable as it shows good validity compared to video or camera-based motion capture analysis 

systems (Kluge et al., 2017). 

 

In this thesis we focused on assessing gait using the APDM sensor during the 6MWT. The 

APDM sensor is part of the Inertial measurement unit. This system provides a valuable tool for 

clinicians and researchers to evaluate and interpret gait impairments, aiding in the development of 

rehabilitation plans and training interventions. 

 

2.8 Six-Minute Walk Test as a measure of gait assessment 

 

The six-minute walk test (6MWT) is a self-paced walking test that is commonly used to objectively 

analyze gait in various chronic populations such as neurological disorders, multiple sclerosis (MS) 

as well as cerebral palsy (CP) (Graser et al., 2016; Shema-Shiratzky et al., 2019; Thompson et al., 
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2008). It is easy to administer, safe, inexpensive, and feasible to use in clinical settings. The 6MWT 

provides an assessment of dynamic changes while the individual is walking which may provide 

valuable clinical information such as the quality of gait, asymmetries between the legs and gait 

speed(Shema-Shiratzky et al., 2019). Additionally, the test measures exercise tolerance necessary 

for activities of daily living (ADL) such as walking to school, making it a well-tolerated and 

informative tool for clinicians (Thompson et al., 2008). 

 

Research on the use of the 6MWT and gait analysis on the pediatric population is still lacking, 

especially JIA population. However, extensive research has been conducted on the adult population 

(Bartels et al., 2013; Hadouiri et al., 2021; Shema-Shiratzky et al., 2019). A study conducted by 

Mian et al. (2022) is the first study that established the 6MWT distance references values in the 

JIA population of the same group (6 to 16 years old). The study found that children with JIA had 

achieved a lower mean 6MWT distances compared to those without JIA. Moreover, on average, 

the distance achieved were 84% and 78% of the predicted values for children without JIA. The 

reference values established in this study, along with the predictive model developed, can be 

utilized to assess the exercise capacity of children with JIA(Mian et al., 2022). Another study by 

Kasović et al. (2021) conducted on the 6MWT in healthy children between the age of 11 to 14 

years old, has provided standardized references for clinicians and researchers evaluating exercise 

capacity in children with chronic diseases, enhancing the interpretation of the 6MWT results in 

clinical settings. 

 

Studies comparing shorter tests (two-minute walk test) to 6MWT have shown that longer tests, 

such as the 6MWT better correlate with real-life mobility metrics like walking speed, daily walking 

and total distance (Shema-Shiratzky et al., 2019).  For instance, Sandroff et al. (2015) found that 

the 6MWT distance was associated with walking performance rather than aerobic and muscular 
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fitness. In addition, they found that measures of walking performance, such as the timed 25-foot 

walk speed and gait velocity, contributed more to the six-minute walk distance, whereas physical 

fitness measures made a minimal contribution in people with MS (Sandroff et al., 2015). Similarly, 

Pilutti et al. (2013) identified cadence and stride length as key gait variables explaining differences 

in six-minute walk performance between people with MS and healthy controls (HC). Moreover, 

this suggests that longer walking may have greater ecological validity and may be a more effective 

measure of gait discrepancies as well as the level of fatigue during sustained walking. (Shema-

Shiratzky et al., 2019). The assessment of gait using the 6MWT has been shown to be valid and 

reliable in both adults and the pediatric populations (Hadouiri et al., 2021).  

 

In the context of JIA, factors like pain and fatigue can significantly affect spatiotemporal gait 

parameters over longer distances which can be analyzed and used to enhance treatment, unlike 

shorter distances like the ten-meter walk test. Moreover, studies have shown that the 6MWT can 

reveal variations in gait parameters that may not be evident in shorter tests, such as fatigue-related 

changes or adaptations that occur with prolonged walking (Geiger et al., 2007; Pires et al., 2022). 

In addition, a more natural walking pattern is likely to be observed during the 6MWT as children 

do not feel they are being observed for a brief, intense period therefore, this longer duration allows 

them to walk more naturally and comfortably (Jeon et al., 2023). 

 

2.9 Juvenile Idiopathic Arthritis (JIA) and Disease Activity 

 

Disease activity refers to the level of inflammation and symptoms experienced by an individual 

with JIA. In particular, gait asymmetry can be influenced by the severity of joint inflammation, 

pain, and limitations caused by the disease (Backström et al., 2019). During periods of active 

disease flare-ups, when inflammation and symptoms are heightened, gait asymmetry may be 
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more pronounced. The increased joint pain, swelling, and stiffness can lead to altered movement 

patterns and compensatory mechanisms, resulting in noticeable gait abnormalities (Weiss et al., 

2008). Furthermore, the degree of gait asymmetry may correlate with the level of joint 

inflammation and tenderness (Turner et al., 2008). Assessing disease activity is an essential part 

of the clinical evaluation of children with JIA since ongoing active disease significantly 

contributes to joint damage and physical functional limitations (Consolaro et al., 2009). 

 

Studies have found that the level of disease activity can significantly affect gait. This impact  may 

manifest as a reduction in gait speed, a decrease in stride length, and an increase in the duration 

of double support while walking (Hartmann et al., 2010; Vincent et al., 2022). Therefore, 

suggesting that as disease activity increases, gait function may be negatively affected. However, 

it is important to note that individual variations exist, and the specific impact of disease activity 

on gait may depend on factors such as the subtype and severity of  JIA, as well as the joints 

involved. 

 

There is a high prevalence of gait abnormalities in children suffering from JIA (Kuntze et al., 

2020; Woolnough et al., 2021). It is important to detect gait complications early in children with 

JIA to provide the necessary treatment to reduce walking disability, the most common 

component of activities of daily living (Vincent et al., 2022). It is important that gait is 

sufficiently analyzed in children with this condition, as it provides essential information about 

joint alterations and gait patterns that will determine the treatment goals (Montefiori et al., 

2019). By addressing gait asymmetry, healthcare professionals can help improve a child's  

functional abilities, promote participation in activities, and enhance their overall QoL. Therefore, 

the purpose of this study is to determine the incidence of gait asymmetry in children with JIA and 

to further determine the association between gait asymmetry and disease severity. 
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CHAPTER III: METHODOLOGY 
 

This chapter will present a detailed idea about how the research was conducted. This includes 

the study design, participants recruited, inclusion and exclusion criteria, how descriptive 

information was collected, administration of the Juvenile Arthritis Disease Activity Score 

(JADAs 10) and the 6 Minute Walk Test (6MWT). 

3.1 Introduction 

 

The current study is part of a larger study paired with Stellenbosch University conducted by Su-

Ane Zwiegelaar, (title: Assessing the validity and reliability of a physical performance test 

battery for children with JIA). Ethical approval was submitted and accepted from Stellenbosch 

University (ethics number: S22/03/051). Please see Appendix 3 for a memorandum of 

understanding (MoU) between authors from the University of Cape Town and Stellenbosch 

University respectively, stating the differences in the research aims of the project between the 

two students. This sub-study assisted in data collection in exchange for access and exclusive 

usage of certain variables to address the research question. Our study was approved by the Health 

Sciences Human Research Ethics Committee of the University of Cape Town (HREC 492/2023) 

and adhered to the principles of the Declaration of Helsinki (Association, 2013) (Appendix 4). 

 

3.2 Study design 

 

We conducted a literature search on gait analysis in children with Juvenile Idiopathic Arthritis 

(JIA) from January 2023 to October 2023. The search included databases such as PubMed, 

Scopus, Google Scholar, Web of Science, and the University of Cape Town’s library. Keywords 

and synonyms related to various aspects of gait analysis and children with JIA were used. The 

specific queries used in the title and/or abstract were: (“JIA” OR “juvenile idiopathic arthritis”), 

(“gait analysis” OR “gait assessment”), (“6MWT” OR “six-minute walk test” OR “six-minute 

walking test” OR “6MWD” OR "6-min walk test" OR "six-minute walk test”), AND (“IMU” 

OR “inertial measurement unit” OR “MIMU” OR “magneto inertial measurement unit” OR 
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“inertial sensor” OR “accelerometer” OR “wearable sensor” OR “activity tracker” OR "APDM 

sensor" OR “Ambulatory Parkinson's Disease Monitoring”). Initially, the search was limited to 

studies from the last ten years (2013 to 2023), but due to the limited research on this topic, we 

extended the search to include the last 20 years (2003 to present). The inclusion criteria for the 

studies were: 1) JIA defined by the ILAR criteria, 2) age between 6 to 16 years, 3) studies focused 

on gait analysis in children with JIA, and 4) the use of the 6MWT in children. Additionally, gait 

analysis was based on spatiotemporal gait parameters. 

 

This was a cross-sectional observational study. A total number of 14 children between 6-16 years 

of age (accompanied by their parents) that are diagnosed with Juvenile Idiopathic Arthritis (JIA), 

were recruited. They were recruited between April and November 2023 at  Tygerberg Hospital, 

Bellville, Cape Town during routine medical check-ups. All ethical considerations were 

considered and comprehensively shared with the participants on the consent forms (Appendix 5 

and 6). 

 

3.3 Inclusion and exclusion criteria 

 

The following inclusion and exclusion criteria were formulated from studies previously 

conducted within the JIA population (Bourdier et al., 2021; Calık et al., 2020; Connelly et al., 

2019) . Furthermore, most of the criteria have been established to ensure participant safety and 

minimize the risk of harm or injury. 

 

            3.3.1 Inclusion criteria: 

 

Participants included in the study were between the ages of 6-16 years, and JIA diagnosed by 

a pediatric rheumatologist as per International League of Associations for Rheumatology 

(ILAR). Participants were included if their parents signed the consent/assent forms, they did  

not have any contraindications to physical activity (PA), and they had pain in more than one 
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joint over six months. Lastly, they were included if they were receiving medication for synthetic 

or disease modifying anti-rheumatic drugs. 

 

 3.3.2 Exclusion criteria: 

 

Participants who were younger than six years and over the age of 16 years were excluded, based 

on the definition of JIA, which is used to distinguish JIA from other forms of arthritis that may 

occur in older adults (Calık et al., 2020; Klepper et al., 2019). They were excluded if they had 

an active acute infection, which may result in decreased performance. Those using 

corticosteroids either orally or injection for the past three months, had a fever two weeks prior  

to testing or had any surgical operations within the last six months were excluded. Lastly, those 

who had a severe cognitive impairment which may alter their ability to understand instructions 

were excluded. 

 

3.4 Experimental procedures 

 
The study procedure followed the following sequence. Descriptive data was collected which 

included the consent forms and assent forms (Appendix 5 and 6) Then followed by the 

assessment process; the JADAS10 (prioritizing non-fatiguing tests). Subsequently, the 6MWT 

was administered by a qualified Biokineticist who was trained in the testing procedures. 

 

The child was required to wear appropriate clothing, including athletic wear such as shorts and 

a t-shirt with a vest/or sports bra for females, as well as correct footwear, specifically closed  

shoes (trainers/tekkies). For those who use assistive devices they were asked to bring it along 

to the appointment. However, the study had no participants who used assistive devices. Finally, 

medication was advised to be taken as required for the child before testing on the day of the 

visit. 

 

Instructions on how to conduct the assessments were provided by the Biokineticist and they 
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made sure that the participant understood the instructions before the assessment started. If the 

participant did not clearly understand the instructions, the Biokineticist provided 

demonstrations. Furthermore, participants were informed that if they want to stop the 

assessment, they can do so without any consequences. For their safety, participants were 

notified about the availability of the first aid kit, and automated electronic defibrillator and the 

Biokineticist is a certified first aider in case of an emergency. 

 

3.4.1 Descriptive data 

 

During their visit participants were asked to sign an informed consent form and descriptive 

data was collected. Descriptive data included basic anthropometric measures (age, height, sex, 

weight), disease/condition and medical history questionnaire (subtype, time since diagnosis, 

pain level and location, medication and dosages, recent operations), and the physical readiness 

questionnaire (Appendix 7). 

 

3.4.2 Juvenile Arthritis Disease Activity Score 

 

The Juvenile Arthritis Disease Activity Score (JADAS) is a comprehensive tool for assessing 

disease severity, inactive disease, and clinical remission which includes these four components: 

joint assessment (ROM, pain/tenderness, swelling), physician global assessment, patient global 

assessment, and ESR measurement, all normalized to a visual analog scale (VAS) of zero to ten 

(Backström et al., 2019; Consolaro et al., 2016). It is considered a reliable and widely accepted 

tool for assessing disease activity in pediatric rheumatology (Backström et al., 2023). It is 

commonly used by pediatric rheumatologists to guide treatment decisions and achieve targeted 

therapeutic goals. Importantly, the cJADAS does not necessitate the measurement of an acute 

phase reactant, which enhances its practicality and accessibility in resource-limited settings 

where cost-effective testing is crucial. 

 

The JADAS10 was used to observe and record joints disease activity score specific to JIA. The 
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investigator palpated all joints, beginning with the fingers and progressing to the shoulder, 

spine, hips, knees, ankles, and toes. The joints were evaluated specifically for swelling, 

tenderness, and subjective ROM, which was scored on a scale of one to ten, with each tender, 

swollen, or reduced ROM joint increasing the scale score (active joint count). 

 

Once the number of joints affected were identified and subsequently evaluated using a 

geometry (digital device from Easy Angle® by Meloq Devices), which is a method used by the 

Biokineticist to assess the overall activity of the disease. In particular, the joints mentioned  in 

the JADAS10 that exhibit limited ROM were measured. Each joint was measured based on the 

location of the joint axis, the reference line, the measurement line, and the plane in which the 

movement happens. After measuring the joint's resting position, the participant  was requested 

to do the specific joint movement, and the digital goniometer was moved along with the joint 

to the maximum point, where the final ROM was recorded. ROM was recorded once according 

to the following order of position, sitting, supine, side-lying (right), prone, side- lying (left), and 

standing. 

 
 

Finally, joints that were scored on the JADAS10 were evaluated and scored on a scale of one to 

ten based on the percentage of full ROM achieved within a joint. Thus, for 100% of the optimum 

ROM achieved, a score of one was given, 99-90% was given a score of two, 89-80% was given 

a score of three, 79-70% was awarded a score of four, 69-60% was given a score of five, and so 

on until a ten was awarded if only 19% or less of the optimum ROM was achieved. The scores 

of one to ten for each joint assessed was then averaged to provide the overall ROM domain score 

of one to ten for the ROM domain (see Appendix 8) 

 

3.4.3 Instrumented Six-Minute Walk Test (6MWT) 

 

The 6MWT is a widely accepted and validated functional exercise capacity test for children and 

adolescents with juvenile idiopathic arthritis (JIA). It measures the distance a person can walk in 
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six minutes, following a standardized protocol set by the American Thoracic Society (ATS) (Mian 

et al., 2022). The test is conducted on a 30-meter surface, with verbal encouragement provided 

every minute, and measurements of blood pressure, heart rate, oxygen saturation, and perceived 

exertion taken before and after the test.  

 

Although the 6MWT shows moderate correlations with VO2peak but it is also reflective of joint 

status (Pritchard et al., 2022). The test has demonstrated good to excellent reliability (ICC = 0.86) 

for children aged 7 to 17 years (Pritchard et al., 2022). In addition to the 6MWT being used in 

various chronic populations such as neurological disorders, multiple sclerosis (MS) as well as 

cerebral palsy (CP) (Graser et al., 2016; Shema-Shiratzky et al., 2019; Thompson et al., 2008), it 

has also been used to test functional capacity in JIA population (Lelieveld et al., 2005).  It is easy 

to administer, safe, inexpensive, and feasible to use in clinical settings. The 6MWT provides an 

assessment of dynamic changes while the individual is walking which may provide valuable 

clinical information such as the quality of gait, asymmetries between the legs and gait 

speed(Shema-Shiratzky et al., 2019). 

 

Therefore, using a longer test like the 6MWT for gait analysis is advantageous over shorter tests 

due to its comprehensive evaluation of gait and mobility. While traditionally used to measure 

functional capacity, the 6MWT is also highly relevant for gait analysis. Clinically, the test has been 

shown to have a strong ecological validity, meaning that the test closely resembles real-world 

situations where children engage in prolonged walking activities. Moreover, this extended duration 

allows for the observation of fatigue effects and compensatory strategies that might not be evident 

in shorter duration tests, thus offering a holistic view of children's gait and overall mobility. 

 

The 6MWT was used to measure gait variables using the Active postural Dynamic Model (APDM) 

wearable Technologies® from Mobility Lab software package. The APDM sensor has been 
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previously used to measure gait analysis using the 6MWT in various adult populations and in 

children (Howell et al., 2018; Muthukrishnan et al., 2020; Shema-Shiratzky et al., 2019). The 

APDM system consists of wearable sensors that can be attached to various parts of the body, such 

as the wrists, ankles, and torso (Yang & Li, 2012). These sensors collect detailed data on movement 

patterns, providing clinicians with valuable insights into a child's motor development and potential 

abnormalities (Bisi et al., 2018). Furthermore, this system provides a valuable tool for clinicians 

and researchers to evaluate and interpret gait impairments, aiding in the development of 

rehabilitation plans and training interventions (Muro-de-la-Herran et al., 2014). 

 

Studies have shown the validity and reliability of the APDM sensor that has been used in children 

with different chronic conditions for gait analysis (Lanovaz et al., 2017; Shieh et al., 2022; 

Sivarajah et al., 2018; Voss et al., 2020). One of the significant advantages of using APDM sensors 

in children is their non-invasive nature. Traditional methods of assessing motor skills often involve 

clinical observations and subjective assessments, which can be inconsistent and imprecise. In 

contrast, APDM sensors offer objective, quantitative data that can be recorded over extended 

periods, even during a child's daily activities (Howell et al., 2018). 

 

This continuous monitoring capability allows for a more comprehensive understanding of a child's 

motor functions and the identification of subtle issues that might not be evident in a clinical setting 

(Prosser et al., 2018). By providing precise and reliable data on movement patterns, APDM sensors 

can help identify these conditions at an early stage, allowing for timely intervention that can 

significantly improve outcomes. 

 

The APDM sensor offers portability, ease of use and the ability to provide objective gait 

information making it a valuable tool for continuous monitoring in various settings, including 

clinics, laboratories and even community environments. Despite its compact size and lightweight 
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nature, this system offers great sensitivity and proves to be an affordable and convenient option 

for clinical testing as compared to the other motion sensors like the 3-dimensional sensors or the 

Vicon system, which are considered the “gold standard” measures but are expensive and not 

clinically and practically suitable for practitioners. For this reason, we decided to utilize the 

APDM sensor to objectively measure and analyze spatiotemporal parameters of gait and the 

results were automatically recorded in the computer to be analyzed. 

 

For the purpose of this project, five gait parameters of the lower limb were used for our analysis: 

1) gait peed [m/s], 2) gait cycle duration [s], 3) time in stance phase [%GCT], 4) time in swing 

phase [%GCT], 5) stride length [m]. Before the APDM sensor was placed it was calibrated. Once 

calibrated, the APDM Wearable Technologies® from Mobility Lab was attached to the 

participants, six sensors- 2 on the feet, two on the wrist, one on lower back and one on the 

sternum. During the 6MWT the signals were sampled and recorded automatically on to the 

investigators’ laptop and calculated via the corresponding Mobility Lab software (see Appendix 

7).
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Figure 3.1: APDM sensor placement on the sternum, one on each wrist, one on each foot, and 

one on the lower back. 

 

The test was administered in a 25 meters walkway, which was measured using a tape measurer,  

two cones were placed on each end, one at the beginning and one cone at the end of the distance 

(Mian et al., 2021). Once the setup of the test was completed. Participants were encouraged to 

cover the largest distance they can in the six minutes period at their preferred walking pace 

without running, as done by Lelieveld and colleagues (2005). 

 

During the test, participants were expected to walk through the 25-meter walkway, once they 

reach the end they had to return to the starting cone, which was recorded as one lap. Time was 

measured and recorded using a stopwatch. For every minute participants were informed about 

their progress. Throughout the test, participants were encouraged, “keep going” “you are doing 

well” as done by Lilieveld et al., (2005). During the test participants were asked  about their Rate 

Perceived Exertion (RPE) using the Borg scale from one to ten (1 = no exertion and 10 = maximal 

exertion), to measure their overall fatigue. 

 

When the time was at six minutes, participants were asked to stop and stand still where they are, 

and the distance covered was measured using a measuring tape and recorded. Distance covered 
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was calculated by multiplying the number of laps by 25 and adding the additional meters in the 

final partial lap. Distance was rounded to the nearest meter. 

 

Additionally, a termination criterion was implemented such as participant can decide to stop if they did 

not want to participate anymore, if there was an equipment failure, if there were any signs of poor blood 

circulation, pain, and extreme fatigue. 

 

3.5 Data analysis 

 
The statistical tests used for data analysis were selected with the assistance of Laerd Statistics 

(Laerd Statistics, 2013). Data analyses were conducted using IBM SPSS statistics version 28 

software and with GraphPad Prism 10.0.0 (for Windows, GraphPad Software, Boston, 

Massachusetts USA). Descriptive statistics were analyzed, mean and standard deviation (SD) 

was used for continuous variable and frequencies and percentages for categorical variables as 

they were calculated on baseline demographics. All continuous data analyses were performed  

using non-parametric tests due to the small sample sizes of the total group (n=14) and no 

asymmetry and asymmetry groups (n=6 and n=8) (Pett, 2015). 

 

A Wilcoxon signed-ranked test was conducted between left and right spatiotemporal gait 

parameters within the total group (n=14) to determine if any discrepancies between left and right 

parameters were observed. The outcome variables: gait speed, gait cycle duration, time in stance 

phase, time in swing phase and stride length, 6MWT outcomes and physical measurements were 

analyzed for possible differences between the Asymmetry (n=8) and no asymmetry group (n=6). 

For all latter statistics, the Mann-Whitney u test was performed. The Mann-Whitney U test was 

also used to assess whether there were differences between the spatiotemporal variables on the 

left and right side. 

 

The chi square test of two proportions was conducted between the nominal/ factorial data to 



41 
 

determine if the distribution of individuals/factors in one group are significantly different 

compared to the distribution in the other group (asymmetry versus no asymmetry) (Statistics, 

2013). During Chi-square analyses, the Fisher Exact Statistic were used when the expected count  

for any of the proportions were < 5. The outcome variable for each gait parameter during the 

6MWT resulted in a mean and SD result over the 6 minutes of walking. Statistical significance 

was set at P < 0.05. 

 

To determine the effect size in the absence of a reference group or non-diseased control group, we 

quantified the magnitude of the differences between left and right spatiotemporal outcome 

variables to determine if they were clinically meaningful. We determined the effect size of the 

differences between the average and SD of the left and the right side for each outcome variable. 

We selected the smallest clinically meaningful effect size of 0.20 or higher as indicative of a real 

difference between left and right side. The use of 0.2 threshold was based on the minimal 

clinically importance difference (MCID). The literature suggests that a small effect size of 0.2 is 

commonly used to define MCID, which is a patient-centered measure that expresses both the 

extent of the improvement and the value that patients place on it (Franceschini et al., 2022). 

Therefore, we used the threshold of 0.2 to ensure that our results are based on a widely accepted 

and established standard in the clinical field, ensuring that the MCID is meaningful and relevant 

to the patients and clinicians involved.  

 

This small or greater effect size was selected as the cut-off for a clinical significance between left 

and right, based on the type of variables that were analyzed. If three of the five spatiotemporal 

parameters resulted in an effect size greater than 0.2 the participant was categorized as having “gait 

asymmetry.” If not, they were classified as having “no asymmetry.” The effect size formula used 

was:  
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𝑑 =  
𝑀1 − 𝑀2

𝑆𝐷
 

where M1 is the mean of the left leg and M2 is the mean of the right leg, divided by the SD 

(Becker, 2000). This formula enabled us to qualify the magnitude of the difference between the 

left and right legs, thereby establishing the true clinically meaningful difference between 

asymmetry and no asymmetry groups spatiotemporal patterns. 

 

 3.5.1 Six-Minute Walk Test: Total Distance Achieved 

 

The final score was expressed as the distance covered in meters during the six-minute period. 

After allocating participants into asymmetry and no asymmetry groups, we used the prediction 

equation provided by Mian et al. (2022) to determine the expected distance JIA children should 

cover. We calculated the difference between Mian et al. (2022) predicted distance and our 

measured 6MWT distance using the following formula: 

𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 (%) =  
𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑  𝑣𝑎𝑙𝑢𝑒 − 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑣𝑎𝑙𝑢𝑒𝑠

𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑  𝑣𝑎𝑙𝑢𝑒
 𝑋100 

If the difference was more than 10% of Mian's predicted value, it indicated that the participant's 

distance covered was significantly less than expected. 

Additionally, we used the paper by Kasović et al. (2021) to compare and group the distances according 

to percentiles. We established that participants who achieved the 50th percentile or higher were 

considered to have acceptable performance. Participants were informed that they were being observed 

for the distance walked rather than walking patterns to avoid compensation. 

 

A Spearman Rank-order correlation was conducted to determine any possible associations between   

spatiotemporal gait parameters and the total distance achieved during the 6MWT. 
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CHAPTER IV: RESULTS 

 

This chapter will present data that has been collected and analyzed through statistics using the 

SPSS software. First, we provide descriptive information for the whole group as well as the 

subgroups identified as showing asymmetry or not, followed by the gait variables of the left  

and right leg for the group of a whole. Next the effect sizes of participants are shown per gait  

variable, which showcases the methods we used to differentiate between participants who 

showed asymmetry and those without asymmetry, and thereafter the results of difference 

between these two subgroups are shown. Lastly any correlation with disease severity and 

asymmetry are presented. 

 

4.1. Demographic characteristics 

 

Fourteen participants volunteered to participate in the study. The demographic data were not 

normally distributed (due to the small sample size), and the participants’ characteristics are 

summarized in Table 4.1. However, demographic characteristics are presented as mean ± SD. 

A chi square test was conducted between the demographic variables between the asymmetry, 

and no asymmetry groups. three out of four expected cell frequencies were less than five, 

therefore, a Fisher’s exact test was conducted. 

 

We found no statistical differences in all the demographics data between the asymmetry (n = 

8) and no asymmetry (n = 6) p >0.05. Furthermore, 8 (57.1%) of the participants had active 

disease, as assessed by the Juvenile Arthritis disease Activity Score (JADAS10) based on a 

score from 1-10 which measures the percentage of full range of motion (ROM) achieved within 

a joint. The total JADAS scores ranged from 0-7.7, with a Visual Analogue Scale (VAS) score 

ranging from zero to seven. Nine participants had active joints (inflammation and/ or pain that 

resulting in limping), with the knee joint being the most affected. Additionally, 43% of the 

participants had more than one joint affected. All participants were on medication, with the 

number of medications ranging from one to seven. 
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Table 4.1: Demographic characteristics of children with JIA 

 

Characteristics Total (n=14) Asymmetry 

(n=8) 

No 

asymmetry(n=6) 

P value 

Age (yrs.) 10.71±2.81 10.00 ± 2.83 11.67 ± 2.73 0.35 

Gender (Girls, %) 9 (64%) 5 (56%) 4 (44%)  

Height (cm) 143.1±11.51 139.45 ± 12.13 147.98 ± 9.39 0.23 

Weight (kg) 39.93±15.38 34.54 ± 14.38 47.12 ± 14.73 0.59 

BMI (kg/m2) 18.93±4.73 17.31 ± 4.70 21.10 ± 4.17 0.12 

Disease 

Duration (mnth) 
45±36.35 39.36 ± 35.68 54.33 ± 38.71 0.35 

6MWT: Total 
distance (m) 461.01±90.61 456.96±105.88 482.55±82.69 0.76 

Note: yrs.: years %: percentage, cm: centimeter Kg: kilograms BMI: Body mass Index, Kg/m2: kilograms per meter squared. Mnth: 
months, 6MWT: six-minute walk test, m: meters  
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4.2 Distribution of JIA Subtypes 

 

Distribution of JIA subtypes are summarized in Figure 4.1. Oligoarticular and enthesitis- 

related arthritis (ERA) as the top two subtypes of JIA accounting for 63% of all the cases of 

JIA in the group. 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Figure 4.1: A bar graph representing the distribution of JIA subtypes out of the 14 participants. 

Note JIA: Juvenile idiopathic arthritis, OJIA: oligoarticular, SJIA: systemic, MonoJIA: Monoarticular 

SeroJIA: Seronegative Polyarticular, ERA: enthesitis-related arthritis, polyJIA: polyarticular 

 

4.3 Gait Parameters 

 
Spatiotemporal parameters are depicted in Table 4.2. A Mann Whitney U test was conducted 

to determine if there were any differences between the gait variables of the left and right side. 

The results indicate that there was a statistically significant difference in gait speed (p=0.031) 

and stride length (p=0.046). However, no significant differences were found in gait cycle, time 

in stance phase and time in swing phase between the left and right leg p>0.05.  

 

 

Table 4.2 The spatiotemporal parameters for gait asymmetry between the left and right lower 

limbs were measured on the 14 participants. Values are presented as means ± SD. 
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Variable Left Right 
Standard test 

statistic 
P value 

Gait speed 
(m/s) 

1.355 ± 
0.233 

1.342 ± 
0.230 

-2.160 0.031 

Gait cycle 

duration (s) 

0.844 ± 

0.105 

0.844 ± 

0.107 
0.577 0.564 

Stance phase 
(%GCT) 

56.534 ± 
2.368 

56.672 ± 
1.907 

1.036 0.300 

Swing phase 

(%GCT) 

43.466 ± 

2.368 

43.328 ± 

1.908 
-1.036 0.300 

Stride length 
(m) 

1.124 ± 
0.109 

1.114 ± 
0.109 

-1.997 0.046 

Note: m/s: meters per second, s: seconds, %GCT: gait cycle time, m: meters 

 

 

4.4 Effect size to determine gait asymmetry 

 
The results of the effect sizes are presented in Figure 4.2. Effect size was calculated to establish 

gait asymmetry. A threshold of 0.2 was established, where an effect size of greater than 0.2 

indicated a true difference (asymmetry), while an effect size of less than 0.2 indicated no 

difference (no asymmetry) between left and right limb. If a participant showed an effect size 

higher than 0.2 for three or more variables, they were included in the asymmetry group. Eight 

out of the fourteen participants had gait asymmetry (effect size >0.2). 

 

 

 

 

 

 

 

          A                                                                                  B 
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                                                        E 
 

Figure 4.2: Forest plots representing an effect size difference between the left and right limb 

of all the participants from A-E. 

 

 

4.5 Asymmetry versus No asymmetry 

 

The gait variables of the participants with asymmetry (n = 8) were compared to the participants 

with no asymmetry (n = 6) for the left and the right side, and the results are presented in Figure 

4.3. A Mann-Whitney U test was run to determine if there were differences in left and right  

gait parameters between the asymmetry and no asymmetry groups. There was no statistical 

significance difference in the observed variables between the asymmetry and no asymmetry  

groups for the left and the right legs (p > 0.05), except for stride length (left, p = 0.04; right, p 

= 0.03).
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Figure 4.5: Dot over Box & Whisker plots illustrating individual data points, median, 

interquartile range, minimum and maximum values between the asymmetry (n = 8) vs no 

asymmetry groups (n = 6) for the five gait parameters A to J. representing all the variables from 

A-J comparing participants with gait asymmetry (n = 8) and no gait asymmetry (n = 6), on the 

left and right-side A, C, E, and I are the left legs and B, D, F and J are the right leg* 

Represents the p value (p <0.05). 

 

4.6 Comparison of disease activity, pain, medication and total distance of the asymmetry and 

no asymmetry group 

 

A chi square test was conducted between the disease activity, pain, individuals who took more 

than four or more medication and the total distance achieved during the 6MWT between the 

asymmetry and no asymmetry groups. Three out of four expected cell frequencies were less 

than five, therefore, a Fisher’s exact test was conducted. In both groups asymmetry and no 

asymmetry four participants had an active disease. 50% of the participants in the asymmetry 

group were taking more than four medications. We found no statistically significant 

differences for the 6MWT total distance achieved, p>0.05. 

Table 4.3: A comparison of the disease activity, pain, number of medications, acceptable 

percent of predicted range and below 50th percentile range between the asymmetry and no 

asymmetry group. 

Characteristics Asymmetry (n=8) 
No asymmetry. 

(n=6) 

Fischer Exact’s 

P value 

Disease Activity 4 (50%) 4 (66.6%) 0.627 

Pain 2 (25%) 4 (66.6%) 0.277 

4 or More Meds 4 (50%) 2 (33.3%) 0.627 

 

6MWT: % predicted 

distance  

4(50%) 3(50%) 0.704 

Below 50th percentile 5(62.5%) 4(66.7%) 0.657 

 
Note: meds:  number of medications taken, 6MWT % predicted total distance:  the number of participants achieved the predicted 

distance from Mian et al., (2022), Below 50th percentile: grouping according to the percentiles by Kasovic et al., (2021) 
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4.7 Spearman correlation between all gait variables and total distance achieved 

 

A correlation between the gait parameters and the total distance achieved in the 6MWT was conducted. 

There was a strong negative correlation (r= -0.705, p=0.005) between the difference in gait speed and 

the total distance covered in the 6MWT. However, we found no correlation between gait cycle, time in 

stance and swing phase and stride length p>0.05. 

Table 4.4: Correlation between differences in gait parameters of all the 14 participants and the total 

distance achieved in the six-minute walk test. 

Differences (Delta, )  between L 
&R Gait parameters 

Total Distance (m) 6MWT 

Spearman r p-value 

 Gait Speed (m/s) -0.705 0.005 

 Gait cycle (%GCT) -0.458 0.099 

 Stance phase (%GCT) -0.077 0.794 

 Swing phase (%GCT) 0.218 0.445 

 Stride length (m)  -0.345 0.227 

Note: m/s: meters per second, s: seconds, %GCT: gait cycle time, m: meters 
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CHAPTER V: DISCUSSION AND CONCLUSION 
 

 

This research provided insights into the differences in gait asymmetry in children with Juvenile 

Idiopathic Arthritis (JIA). In this chapter, we discussed the findings of this research process 

including the limitations and future recommendations. The chapter ended with a summary of 

the findings of the research. 

5.1 Main findings 

 

The main aim of this study was to determine if children with JIA experience gait asymmetry. 

We hypothesized that the majority of gait parameters in the total group of participants will show 

significant differences between left and right gait parameters, but only found significant 

differences in gait speed and stride length between the left and right legs. No normative values 

for gait assessment in children with JIA using the APDM device have been established yet. 

Based on this shortcoming we investigated an alternative way to determine indices of gait 

asymmetry in the 14 participants. We calculated the effect size between the left and right leg 

parameters for each participant indicative of a clinical meaningful difference between left and 

right and identified the participant as having asymmetry if they showed a clinical meaningful 

difference (Effect size >= 0.2) in three or more of the five spatiotemporal parameters. Using 

these indices, we found that eight participants (57%) showed gait asymmetry and six with no 

gait asymmetry.  

 

These results do not fully support our hypothesis, as gait asymmetry was not observed in all 

the spatiotemporal gait parameters as expected. These findings may suggest that gait 

asymmetry in children with JIA may be more specific to certain parameters, such as gait speed, 

and stride length, than generalized asymmetry across all spatiotemporal gait parameters. To our 

knowledge, this is the first study to examine gait asymmetry (specifically between the left and 

right legs) during a 6MWT in children diagnosed with JIA using the APDM sensor monitor. 
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Therefore, these results should be interpreted with caution due to the differences in the methods 

utilized in gait analysis of children with JIA. 

 

The examination of demographic and clinical variables differences between the total, asymmetry, and 

no asymmetry groups, including age, gender, weight, height, BMI, and disease activity, aimed to 

identify potential factors influencing the observed gait asymmetry. The absence of significant 

differences in any of the outcomes: age, weight, and gender, suggests that these demographic and 

clinical characteristics may not be decisive factors in the manifestation of gait asymmetry in this 

specific cohort. For instance, Vincent et al., (2022) found comparable results, as there was no 

significant difference between age, gender, and weight in children with JIA. This underscores the 

need for a more delicate exploration of factors contributing to gait asymmetry in JIA, potentially 

involving joint-specific considerations and detailed kinematic assessments. 

 

We found a statistically significant difference when comparing the gait speed of all participants’ left 

and right legs. This significant difference indicates that there was a notable asymmetry in gait speed 

between the left and right legs in this population. These findings may be possibly attributed to joint 

damage (inflammation and pain) in the affected leg, resulting in muscle imbalances and newly 

adopted gait patterns (Hartmann et al., 2010; Kuntze et al., 2020). When we compared the asymmetry 

and no asymmetry groups, we found that there was no significant difference between the two groups. 

These findings suggest that although there was a significant difference in gait speed between the left 

and right legs when considering all participants together, this asymmetry did not translate into a 

significant difference when the groups are divided into asymmetry and no asymmetry groups. We 

therefore suggest that our method of gait asymmetry determination may not be sensitive enough to 

statistically identify where the differences exist, and that an equal distribution of left and right 

differences in gait speed occurs in researcher-defined asymmetry vs no asymmetry. It also raises the 

need for further investigation into this method of determining gait asymmetry.  
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Previous studies have reported on the consistent decrease in gait speed in children with JIA (Hartmann 

et al., 2010; Vincent et al., 2022). However, due to the difference in the methods utilized, such as the 

difference in the equipment used to assess gait and different aims, we could not establish a consensus 

of whether gait speed was different to them. Furthermore, we found that there are no reference values 

for gait analysis on investigating individual legs in children with JIA. In addition to this, a study 

conducted by Hartmann et al. (2010) looking at children with JIA (n = 35, aged 13.2± 4.2 years), has 

shown that individuals with JIA preferred a slower gait speed with an average of 1.06 ± 0.17m/s when 

they were compared to their healthy counterparts (n =16, age 17.9 ±6.5 years) (1.32 ± 0.08m/s). However, 

our study found contrasting results as our participants have shown an increase in their preferred gait speed 

(average of 1.36 ± 0.12m/s on the left and1.34 ± 0.12m/s on the right) as compared to the previous study. 

However, it should be noted that these results may be influenced by variations in the methods used to 

measure gait speed (even though they were instructed to walk at self-selected pace in both studies), 

thus, limiting the direct comparisons with the study by Hartmann and colleagues. The current study 

evaluated gait in a 25 meter (m) long walkway using the APDM sensor, while the study conducted by 

Hartmann and colleagues was conducted in a 9m and 3m long laboratory that was equipped with 3D-

motion systems. 

 

Walking speed is known to vary with age as well as other factors such as height and leg length 

(Broström et al., 2002). Therefore, it is imperative to acknowledge the growth disturbances such 

as height when comparing this population. These divergent results underline the variability in 

gait characteristics within the JIA population and highlight the necessity of considering diverse 

factors, such as disease activity, age, weight, height, and individual variability. While previous 

researchers have examined various gait variables, such gait speed and step length and kinetic 

variables, there is lack of evidence regarding the impact of gait cycle as an independent variable 

in children with JIA.  

 

In terms of stride length, it was interesting to find a statistically significant difference when we 



57 
 

investigated the differences in left vs right legs in all 14 participants; and differences when the 

participants were grouped into asymmetry and no asymmetry groups. These findings indicate that, when 

we compared the asymmetry group to the no asymmetry group, we have found that the stride length of 

the asymmetry group was shorter than those of the no asymmetry group in both left and right legs. This 

study is in contrast with a study conducted by Vincent et al. (2022) as they found no significant 

differences in inactive and active JIA participants with Healthy controls. It should be noted that these 

results may have been due to the differences in the testing methods in terms of the device used to 

measure gait and the walking tests utilized in these studies. 

 

There is limited evidence that supports the impact of stride length in the gait of this population. 

One study conducted by Vincent et al. (2022) found no significant difference in stride length of 

children with JIA and the control group. The discrepancy in these findings, particularly the 

statistically significant difference in stride length between the asymmetry and no asymmetry 

groups, warrants further investigation. Alterations in stride length may have functional 

implications for individuals with JIA, and understanding the underlying mechanisms and clinical 

relevance of this finding could provide valuable insights for the management of gait-related 

issues in this population. 

 

The limited evidence in this variable limit our ability to find possible factors that may have led to 

this finding. However, plantarflexion, knee and hip extension restriction may be attributed for the 

shorter stride length as these are all the elements you need when doing toe-off, pushing off your 

back foot to take a step forward. Thus, if an individual does not have this triple extension during 

gait, it may result in shorter steps (Broström et al., 2002). Therefore, further research is needed 

to better understand the impact of stride length on the gait of children with JIA. These unexpected 

outcomes also highlight a need for additional studies on the factors influencing stride length in 

children with gait asymmetry such as fatigue and standardized tests in children with JIA.  
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5.2 Secondary Findings 

 
 

The secondary aim of this study was to determine if gait asymmetry was influenced by disease 

activity. We hypothesised that higher disease activity, characterized by inflammation and joint 

dysfunction in children with JIA, could potentially disrupt normal gait patterns, leading to greater 

asymmetry (Vincent et al., 2022). However, contrary to our hypothesis, the results did not show a 

significant correlation between the two variables. This may suggest that factors other than disease 

activity might play a more prominent role in influencing gait asymmetry in children with JIA. Further 

research is needed to explore these factors, as well as to determine whether other measures of disease 

severity or functional impairment might have a stronger association with gait abnormalities.  

 

Previous research has reported low physical activity levels in children with JIA due to the effect of active 

disease (Gueddari et al., 2014). A study conducted by Vincent et al. (2022) compared gait of active and 

inactive disease in children with JIA and found no interlimb asymmetries in these groups. Similarly, 

our study found no association between gait asymmetry and the level of disease activity. While disease 

activity may not be the sole determinant of gait asymmetry, other factors may contribute to the 

observed gait variations in this population. Possible contributors may include joint damage, pain, and 

compensatory mechanisms employed by children with JIA to navigate their physical challenges. 

Understanding these delicate factors becomes crucial for tailoring interventions that address the 

specific needs of children with JIA and gait asymmetry. 

 

The absence of significant differences between left and right limbs in gait variables for the nine 

participants with active joint involvement suggests a relatively symmetric gait pattern in this 

subgroup. It is important to note that this is the first study looking at gait asymmetry between 

the left and right legs. Therefore, this warrants more research to investigate discrepancies 

between the left and the right leg focusing on the gait parameters. These discrepancies may 
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stem from the diversity of JIA, emphasizing the importance of subgroup analyses in future 

investigations. Additionally, gait analysis is a complex process that involves the evaluation of 

multiple parameters, and the interpretation of results can be influenced by several factors. 

Further research is needed to better understand the relationship between gait parameters and  

JIA, and to develop targeted interventions to address gait abnormalities in this population. 

 

An advantage of this study is that we looked at both gait asymmetry and disease activity. 

Therefore, we further investigated whether gait asymmetry affects functional capacity during 

the six-minute walk test (6MWT) in this population. Functional capacity in children with JIA 

has been extensively studied by previous researchers (Ozdemir et al., 2024; Paap et al., 2005; 

Pritchard et al., 2022). However, the aim of this current study was to examine if gait asymmetry 

affected functional capacity during the 6MWT. Normative values to measure gait asymmetry 

using the 6MWT are still rare; therefore, we decided to use the normative values by Mian et al. 

(2022) to establish a difference in our population. 

 

Our results indicate that 50% of the participants in both the asymmetry and no asymmetry 

group achieved the predicted distance, while the other 50% did not achieve the predicted 

distance, with no difference between the two groups. These results may suggest that asymmetry 

did not have a notable impact on the physical performance of individuals as measured by the 

6MWT. The comparable performance between the two groups may indicate that other factors, 

such as overall fitness level, motivation, or specific health conditions, might play a more critical 

role in determining 6MWT outcomes than asymmetry. 

 

We further investigated the 6MWT using the normative values by Kasović et al. (2021) where 

they grouped the participants into percentiles (below the 50th percentile means did not perform 

well). We found that 62.5% of the participants in the asymmetry group were below the 50th 

percentile. Similarly, 66.7% of the participants in the no asymmetry group were below the 50th 

percentile. This further supports the notion that asymmetry did not significantly hinder physical 
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performance in this context. Previous research has indicated that physical function is often 

impaired in children with JIA (Mian et al., 2022; Ozdemir et al., 2024). Currently, there are no 

studies that investigate gait asymmetry and its influence on 6MWT. One study conducted by 

Ozdemir et al. (2024) has found that children with JIA showed decreased levels of functional 

exercise capacity when compared with healthy, however, the method used to measure gait 

asymmetry was different to the current study.  

Finally, we conducted a correlation to determine the association between the spatiotemporal 

parameters and the 6MWT. Our results indicate that the association difference in gait speed 

correlated with their aerobic capacity. To our knowledge, no similar studies could be found to 

compare this finding to previous researchers. In addition, these results aid the finding of another 

study by Ozdemir et al. (2024), who found that gait speed in JIA participants were lower 

compared to healthy controls and result in a lower 6MWT distance achieved. However, it must 

be noted that the studies methods to measure gait asymmetry were different. Lastly, the JIA 

participants in the study by Ozdemir and colleagues showed signs of fatigue, pain and muscle 

weakness which may have contributed to the impaired performance in this population. 

 

5.3 Limitations and future recommendations 

 

It is important to acknowledge the limitations of the study. Firstly, the study's sample size was 

relatively small, consisting of only 14 participants (because patients with JIA fulfilling the 

criteria were rare). This limited sample size may have affected the generalizability of our 

findings to a broader population of children with JIA. In addition, all the participants were 

tested at a specific hospital in the Western Cape, and even though the hospital serves quite a 

large diverse community, it is not possible to generalize the results to other individuals with 

JIA in the western cape or south Africa, especially due to the small sample size.  

 

Future studies with larger sample sizes, normative data, and inclusion of control groups are 

essential to strengthen the validity and generalizability of findings in this research domain. 
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Secondly, we did not attribute for the dominant limb, only the limb that was affected was 

randomly selected for statistical analysis concerning disease activity. Therefore, we cannot 

comment on possible differences between legs and functional deficits could be underestimated. 

Furthermore, to better understand the disease impact on these outcomes as pain flares over time, 

it would be clinically informative to collect pain measures in parallel with our study. 

 

 

Thirdly, the lack of a control group further restricts our ability to make direct comparisons and 

draw conclusive insights into the extent of gait asymmetry in children with JIA as previously 

done by other researchers. Furthermore, the absence of a control group for comparison 

necessitated the use of effect size to identify gait asymmetry, which may have introduced  

potential confounders and limited the ability to draw direct comparisons with a control group. 

Finally, there was a lack of established normative values for gait parameters in children, as well 

as normative values allowed for differences between the left and right gait parameters in healthy 

individuals, that will be able to set off and classify if there is asymmetry or no asymmetry, 

which could have affected the interpretation of the results and the ability to compare them with 

existing data. 

 

 
The study being among the first to use the APDM sensor in children with JIA meant that the 

technology was still relatively novel to this population, and its limitations and potential sources of 

error may not have been fully understood or addressed. These factors collectively underscore the 

need for caution in interpreting the results and highlight the potential for advancements in the 

use of the APDM sensor for gait analysis in similar studies. Furthermore, due to the study being 

the first to assess gait asymmetry in children with JIA, it was difficult to compare results of our 

findings with other studies due to the different devices used to measure gait and the length of 

the walking test. However, despite these limitations, the use of the APDM sensor provided 

valuable insights into gait assessment in children with JIA and may pave the way for future 
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studies using this technology. Future research in this area should aim to conduct larger studies 

with more diverse populations to further explore the relationship between gait asymmetry and 

disease activity in children with JIA. 

 

The lack of greater distribution of disease activity in the asymmetry group compared to no 

asymmetry group underscores the multifactorial nature of motor dysfunction in JIA. Future 

studies should delve deeper into these contributing factors, exploring their individual and  

collective impact on gait patterns. Additionally, longitudinal studies may provide insights into 

the dynamic nature of gait asymmetry over the course of the disease, offering a more 

comprehensive understanding of its evolution. 

 

5.4 Conclusion 

 

In conclusion, our study highlights that the clinical determination of gait asymmetry in children 

with JIA may assist in the clinician in understanding where gait imperfections may occur during 

ambulation in children with JIA. This subsequently can aid treatment to correct the 

imperfections and limitations experiences by children with JIA.  It is important to note that 

these gait parameters – gait speed and stride length - showed the greatest discrepancies among 

participants with JIA. Stride length was shorter in participants experiencing gait asymmetry, 

strengthening the finding that stride length may is an aspect of gait that requires rehabilitation 

focus.  

 

The lack of showing more differences in terms of gait and other anthropometric and functional 

variables between participants with asymmetry vs no asymmetry, poses the question to whether 

the method of determination of asymmetry can be used as a valid method. It requires further 

investigation. Furthermore, gait speed influenced asymmetry between the left and right legs 

and was significantly correlated with the total distance achieved during the 6MWT. These 

findings may suggest that both stride length and gait speed are critical factors in understanding 
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functional limitations experienced by children with JIA. These findings emphasize the complexity 

of gait analysis in children with JIA and the necessity of tailored interventions to address their 

specific gait needs. 

 

Based on these findings, it is important for future research on children with JIA to focus on 

these key gait parameters - gait speed and stride length. Understanding how these factors affect 

functionality and mobility in this population can provide valuable insights to guide 

rehabilitation and treatment approaches. For future research, it is essential to focus on these 

gait parameters to determine their specific effects on functionality and to develop targeted 

interventions that can improve gait symmetry and overall physical performance in this 

population. By addressing these key aspects, we can enhance the quality of life and mobility 

of children living with JIA. 
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Background  
  

Stellenbosch University HREC Reference Number: S22/03/051   

  
Phase One: Semi-Structured Questionnaire  
A semi-structured questionnaire will be posed to children with juvenile idiopathic arthritis (JIA), who 
are willing to participate in Phase One of the study at the Tygerberg Biokinetics Pediatric 
Rheumatology (TBPR) Clinic. The questionnaire is meant to derive information from the child’s daily 
life and how their daily living (ADL) activities are impacted by their condition within a home, school, 
and societal context.  
  

The principal investigator (Stellenbosch University [SU] postgraduate student) will have no prior 
contact with the child participating as a researcher. The sub-investigator (University of Cape Town 

[UCT] postgraduate student) will conduct the questionnaire after the physical examination, with 
their conversation voice recorded. Hence, the questions have been clearly outlined in the 
questionnaire that follows at the end of this document, which has been provided to the UCT 

postgraduate student.  
  

Prior to initiating the interview, the UCT postgraduate student will first explain to the child and 
parent/guardian what the study is about by using the assent and consent forms. If the child and parent 
both agree, the UCT postgraduate student will take assent from the child and consent from the 
parent/guardian. Such a setup reduces bias and undue influence, as the UCT postgraduate student 
has no connection to phase one of the research study. Furthermore, a parent/guardian will be present 
in the interview, which is the standard operating procedure of the Pediatric Rheumatology and 
Immunology Clinic at Tygerberg Hospital. Additionally, no social circumstances or sensitive 
questions will be asked during the recorded interview, as outlined in the questionnaire.  
  

Through Phase One of the study, fifteen participants will be needed using maximum variation 
sampling based on age. Consequently, three participants will be recruited per age range (6-7, 8-9, 10-
11, 12-13, and 14-16). Once a participant has been recruited, the study explained, assent and consent 
are received and signed, the UCT postgraduate student will collect the necessary data listed on the 
questionnaire document (Appendix I) and then read the prompt to the child. Additionally, voice 
recordings will contain no identifiers, and pseudonyms will be used where needed. After the prompt 
has been read, the voice recording may start before question one is read. When the voice recording 
has started, the first question will be read to the child, and time will be given for the child to respond. 
The UCT postgraduate student will determine whether the child hesitates to answer or whether any 
party has requested to stop the recording. The process will continue until the last answer to the last 
question has been given. At this point, the voice recording will be stopped.  
  

The UCT postgraduate student will share the voice recordings through a OneDrive folder only 
accessible by the two parties involved, the UCT postgraduate student and the SU postgraduate 

student. OneDrive is chosen as the shared platform due to its at-rest and intransit encryption of files, 
which increases the safety of files as stipulated by Microsoft 365®. After the SU postgraduate 

student completes the download, the file will be deleted from the shared folder. Additionally, the 
UCT postgraduate student agrees that it is their ethical duty to delete the voice recording from their 
device after it has been uploaded to the shared folder.  
  

  

Phase Two: Six-Minute Walk Test  
A six-minute walk test (6MWT) will be evaluated in children diagnosed with JIA willing to 
participate in Phase Two of the study at the Department of Exercise, Sport, and Lifestyle Medicine at 
Stellenbosch University. The 6MWT will be a component of a larger test battery and is meant to 
assess functional exercise capacity, along with gait variables as measured by the APDM Wearable 
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Technologies® from Mobility Lab. As part of the larger test battery, disease activity will be recorded 
using the clinical Juvenile Arthritis Disease Activity Score – 10 (cJADAS10).  
  

Recruitment will occur in the TBPR Clinic, and purposeful sampling will be used based on the study's 
inclusion and exclusion criteria. Participants will be randomized before data collection through simple 
randomization to either the first (SU postgraduate student) or second assessor for the participant’s 
first visit. The sample size for Phase Two of the study is fourteen participants.  
  

The SU postgraduate student and/or second assessor will conduct informed consent and assent upon 
the participant's first visit. Once informed assent and consent are received, descriptive data will be 
collected (i.e., age, height, sex, weight, subtype, time since diagnosis, pain leve l and location, 
medication and dosages, recent operations or illnesses, and physical activity readiness) .  
  

In accordance with the test battery, the cJADAS10 will be conducted first to determine disease 
activity. The cJADAS10 has three components: 1) an assessment of joint tenderness, swelling, and 
range of motion (ROM); 2) a clinician global assessment using a visual analog scale (VAS); and 3) 
patient/parent global assessment using the Wong-Baker FACES scale. These components are 
combined to provide a cJADAS10 score.  
  

The 6MWT will be conducted last in the test battery. A walkway of twenty-five meters will be 
measured using the tape measurer, and the center of each cone will be placed at the beginning and end 
of the distance. Once the setup of the test is completed, as done by Mian and colleagues (2021) who 
conducted the 6MWT on the JIA population, instructions will be initiated following the “American 
Thoracic Society Statement: Guidelines for the Six-Minute Walk Test,” with modification for the 
young participants to understand as written in Appendix II.   
  

Once all data is collected, participants’ agreed-upon de-identified data will be shared by the SU 
postgraduate student with the UCT postgraduate student. All de-identified data will be placed into 
a password-protected Excel spreadsheet and placed in the same OneDrive folder used during Phase 
One. Once the UCT postgraduate student downloads the Excel spreadsheet, it will immediately be 
deleted from the OneDrive folder, and the folder will be permanently deleted .  
  

Agreement  
  

The bottom of this page is to be initialized by all parties involved to confirm that all the listed 
expectations are understood and that questions have been asked and clarified where needed.  

Stellenbosch University Research Team Expectations:  

• The UCT postgraduate student agrees to interview during the clinic consultation hours on 

Tuesday between 8:30 and 12:30, starting on the 28 th of March and ending on the 25th of April.  

• The UCT postgraduate student understands the recruitment strategy and agrees to collect data 

until the sample size (15) is reached or data is saturated, with the appropriate considerations for 

the age groups lined out in the Background – Phase One: Semi-Structured Questionnaire.  

• The UCT postgraduate student will follow the interview process directly (i.e., informed 

assent/consent, descriptive data, voice recording, name usage, stopping of a voice recording) as 
stipulated in the shared research protocol and within the Background – Phase One: Semi-

Structured Questionnaire of this MoU.  
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• The UCT postgraduate student agrees to voice record the questions and answers on their 

device and to upload it to the shared OneDrive folder as the only sharing platform or 

mechanism.  

• The UCT postgraduate student agrees to delete the voice recording and all related data from 

their device immediately after the voice recording has been uploaded to OneDrive .  

• The UCT postgraduate student understands that the SU postgraduate student will download 

and store the voice recording and immediately delete it from the OneDrive folder.  

• The SU research team (student, supervisor, and co-supervisors) will be granted authorship (not 
first authorship or last) of all scientific outputs (i.e., article publications and conference 

presentations) related to the data used by the UCT postgraduate student from any part of the 
current study.  

• The SU postgraduate student will be granted authorship (not first authorship) on any scientific 

outputs (i.e., article publications and conference presentations) related to a topic drawn from 

the current study by the UCT postgraduate student.  

University of Cape Town Research Team Expectations:  

• The SU postgraduate student agrees to conduct data collection ethically and according to the 

outlined procedure for the cJADAS10 and 6MWT.  

• The SU postgraduate student will conduct recruitment with the appropriate sampling method 

to collect data for a sample size of fourteen participants or until data is saturated.  

• The SU postgraduate student understands and agrees to the research questions:  
o Are there gait asymmetries present in children diagnosed with JIA in South Africa?  

o Is there a relationship between gait asymmetry differences and disease activity in 
children diagnosed with JIA in South Africa?  

• The SU postgraduate student will provide the following de-identified data variables to the 

UCT postgraduate student:  

o Demographic/ descriptive information  

▪ Age, sex, height, weight, BMI.  

▪ Subtypes, time since diagnosis, pain level and location, medications and 
dosages, recent operations or illness, physical activity readiness.  

o Disease activity score as measured by the cJADAS10  

o Gait variables collected using APDM Wearable Technologies® from Mobility Lab 

during the 6MWT:  

▪ Time in swing phase.  

▪ Time in stance phase.  

▪ Gait speed.  
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▪ Stride length.  

▪ Stride velocity.  

• The SU postgraduate student will provide the UCT postgraduate student with both assessor 

one’s trials of de-identified data collected for the cJADAS10 and 6MWT regarding the above 
agreed-upon data variables.  

• The SU postgraduate student will place all agreed-upon de-identified data into a password-
protected Excel spreadsheet and onto the agreed-upon OneDrive folder, to be downloaded by 

the UCT postgraduate student.  

• The SU postgraduate student will share all agreed-upon de-identified data with the UCT 

postgraduate student no later than June 2023.  

• The UCT postgraduate student will be granted authorship (not first or last authorship) on any 

scientific outputs (i.e., article publications and conference presentations) related to the semi-
structured questionnaire.  

• The UCT research team will have first, second, and senior authorship on any scientific outputs 
(i.e., article publications and conference presentations) that relates to the agreed-upon research 

question(s).  
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Appendix 6: Child assent form 
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Appendix 7: Descriptive Information template 
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Appendix 8: JADAS10 questionnaire 
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Appendix 10: Synopsis (for ethical considerations) 

 
SYNOPSIS 

 

 

 

 

 

 

Principal Investigator (PI) and Co-Investigators   
 

 
PI     A/Prof  Jacolene Kroff  jacolene.kroff@uct.ac.za  
 
Co-investigator  Dr Elizma Atterbury    ematterbury@gmail.com  
 
Co-investigator   Ms Su-ané Swiegelaar   suanezwieg@gmail.com  
 
Student/Co-investigatorMs Lindiwe Mpaka   MPKLIN003@myuct.ac.za 
 
 
 

Background and Purpose of the Study  
 

There is a high prevalence of gait abnormalities in children suffering from Juvenile Idiopathic Arthritis (JIA) 

(Kuntze et.al, 2019; Woolnough et.al, 2021 ). It is important to detect gait complications early in children with 

JIA to provide the necessary treatment to reduce walking disability – the most common component of activities 

of daily living (Vincent et.al, 2022). It is important that gait is sufficiently analysed in children with this 

condition, as it provides important information about joint alterations and gait patterns that will determine the 

treatment goals (Montefori et.al, 2019). The purpose of this study is to determine the incidence of gait 

asymmetry in children with JIA, as well as the association between gait asymmetry and disease severity.  

 

Gait abnormalities in patients with JIA are typically addressed initially through use of medical drugs, such as 

disease-modifying agents to try and decrease symptoms and possible disability in children with JIA (Bazarnik-

Mucha et.al, 2022; Morita et.al, 2017). While early medical intervention is generally recommended for JIA 

patients, a significant number of them still have a progressive functional deficit as well as subsequent 

limitations such as active joint contractions, decline in muscle strength, and a reduction in PA. As a result of 

these changes, their quality of life (QoL) is negatively affected (Morita et.al, 2018; Mucha et.al, 2022; Weiss 

et.al, 2007; Weiss et.al, 2007). 

 

Previous research has investigated gait parameters such as cadence, gait speed, step/stride length in relation to 

disease activity (Carrol.al, 2015; Morita et.al, 2018; Woolnough et.al, 2021, Montefori et.al, 2019), however 

there was an insufficient report data on the gait parameters and gait asymmetry observed (Vincent et.al, 2022). 

The Identification of Gait Asymmetry in  

Children with Juvenile Idiopathic Arthritis. 
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It is important that gait is sufficiently analysed, as it provides important information to functionally 

characterise alterations in the joints, analyse asymmetrical gait patterns, and most importantly to determine and 

recommend better treatment goals (Thorpe et.al, 2005). 

 

Aims  
The primary aim of the study is to examine the occurrence of gait asymmetries (assessed via 6-minute walk test) 

present in children diagnosed with JIA between the ages of 6 and 16 years.  

The secondary aim is to determine the association between gait asymmetry and disease activity in children 

diagnosed with JIA.  

Proposed Outcomes  

Methods  
 

The current study is part of a larger study in collaboration with Stellenbosch University conducted by Su-ane 

Zwiegelaar, (title: Assessing the validity and reliability of a physical performance test battery for children with 

JIA). Ethical approval has already been submitted and accepted from Stellenbosch University (ethics number: 

S22/03/051). Clear and distinctively separate research questions are investigated by the Stellenbosch University 

student and the UCT student, as described in memorandum of understanding attached to the main protocol.  

 

This study will be a cross-sectional observational study. Participants (children diagnosed with JIA between six -

16 years of age, accompanied by their parent) will be recruited during routine medical check-ups at the Tygerberg 

Biokinetics Paediatric Rheumatology Clinic (TBPR), Tygerberg Hospital, Bellville, Cape Town. After 

volunteering to participate, both the child and the parent/guardian will be instructed on how to prepare for their 

visit at the testing venue on a different day. The child is required to wear appropriate clothing, including athletic 

wear such as shorts and a t-shirt with a vest/or sports bra for females, as well as correct footwear, specifically 

closed shoes (trainers/tekkies). For those who use assistive devices they should bring it along to the appointment. 

Finally, medication must be taken as required for the child before testing on the day of the visit.  

 

The following assessments will be completed during the study visit, chronologically in order of appearance:  

● Parent/guardian sign an informed consent form and descriptive data will be collected.  

● Descriptive data that includes basic anthropometric measures (age, height, sex, weight), 

disease/condition and medical history questionnaire (subtype, time since diagnosis, pain level and 

location, medication and dosages, recent operations), and the physical readiness questionnaire.  

● The Juvenile Arthritis Disease Activity Score-10 (JADAS10). 

● Joint status measurements  (digital goniometer) of the affected joints.  

● The 6 Minutes' Walk test (6MWT) with automated portable gait sensor (measure parameters of gait).  

 

Additionally, further assessments will include manual muscle testing, functional assessments, heart rate, blood 

pressure and rate of perceived exertion (modified Borg Scale) measures. The additional tests forms part of the 

research questions of the broader study and are not described in this protocol. However, the additional tests will 
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be conducted prior to the 6MWT.  

 

 

Participants 

 
A total number of fourteen (14) children between the age of 6-16 years old with Juvenile idiopathic arthritis will 

be recruited from Tygerberg Biokinetics Paediatric Rheumatology Clinic (TBPR). After participants have 

volunteered to take part in the study following the recruitment process, the participants will be invited 

to attend a testing session where data collection will take place. 

 

Inclusion and exclusion criteria 

Inclusion criteria 

● Between the age of 6-16 years 

● JIA diagnosed by a paediatric rheumatologist as per International League of Associations for 

Rheumatology (ILAR) 

● Able to understand and provide informed consent  

● No contraindications to physical activity 

● Pain in more than one joint over six months. 

● Receiving medication such as synthetic or disease modifying anti-rheumatic drugs. 

Exclusion criteria 

● >16 years  

● Active acute infection which may result in decreased performance.  

● Corticosteroid use either orally or injection for the past three months.  

● Fever two weeks prior to testing 

● Any surgical operations within the last six months  

● Severe cognitive impairments which may alter their ability to understand instructions.  

 

 
Risks to Participants  

 
Instructions on how to conduct the assessments will be provided by the investigator and the investigator will 

make sure the participant understands the instructions before the assessment starts. If the participant does not 

clearly understand the instructions, the investigator will have to provide demonstrations. Furthermore, 

participants will be informed that if they want to stop the assessment they can do so without any consequences. 

For their safety, participants will be notified that there is a first aid kit, automated electronic defibrillator and the 

investigator is a certified first aider in case of an emergency. During all the tests, each participant will receive 

standardized encouragement. All assessments during this study visit will be administered at Stellenbosch 

University, specifically in the Faculty of Medicine and Health Sciences. Participants may experience some or 
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any of the following discomforts during assessments:  

 

Anthropometry: 

● Participants will be asked to be dressed in minimal clothing for the weight measurement.  

● All measures of anthropometry will be done by a qualified scientists and will attempt to put the 

participant at ease as much as possible.  

 

Medical history questionnaire:  

● Some questions during the medical history questionnaire may cause participants to experience shyness 

and emotional discomfort to declare disabilities, limitations, and medical conditions.  

● Participants will be put to ease by the administrator by explaining beforehand that they do not have to 

answer any question if they feel that the question can cause negative feelings.  

 

Six-minute walk test (6MWT):  

● Participants will be asked to wear appropriate shoes and floors will be checked for environmental hazards 

to minimise the risk of tripping or falling. Despite best efforts, there is always some risk of losing balance, 

falling, or becoming physically fatigued. Therefore, the investigator will provide full attention to the 

participants throughout the tests, observe for proper form, pain, and provide additional instruction. 

Before the test starts, the assessor will provide thorough instruction to the participant. Most importantly 

the participants will be asked if they have any symptoms such as, pain, feeling dizzy, any heart 

palpitations and or fever.  

● Some participants may experience maximal effort for a prolonged period of time; therefore, a polar heart 

rate monitor will be attached to the participants chest to accurately measure heart rate throughout the 

walk test.  

● Participants who walk using a walking aid may be at greater risk for falling. The participant will be 

advised to perform the 6MWT with their walking aid. The assessor will provide full attention throughout 

the test and can also walk behind the participant as an additional safety measure.  

 

JADAS and Joint Status assessments:   

● Participants might feel uncomfortable asjoint range of motion is measured. However, assessment will be 

performed by a qualified healthcare professional in a private room.  

● Participant may experience physical exertion during these assessments for it requires the participant to 

change their body positions into several anatomical planes (supine, prone, left side, right side, sitting and 

standing).  

 

Lastly, all COVID-19 protocols will be observed. 

Precaution will be taken during participant visits to uphold their safety, which will include the following:  

● All equipment and surfaces will be sanitized and sterilized before each individual use.  
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● Where possible, a 2-meter social distancing will be maintained throughout the visit between the 

researchers and parents/guardians, with the researcher only invading the participant space when required 

to perform part of the test battery.  

If a participant, parent/guardian, or investigator tests positive for COVID-19, assessments will be rescheduled 

after an eight-to-10-day isolation period (as per the Director General Health RSA, 23.12.2021 updates); hence 

the test battery will need to be conducted from the initial time point of administration 

 

Benefits to the Participant  
 

As participants and parents will be offering their time and energy to be part of the study, their 

transportation will be covered by Stellenbosch University. Furthermore, on the day of the tests, 

refreshments will be provided to the participants at the site. At the end of the study a report on the 

participant’s results will be provided to them, along with an individually prescribed exercise program, 

and a voucher to schedule a Pro Bono session with a Kinderkineticist nearest to them or an online 

session with the Stellenbosch Kinderkinetics Center. Furthermore, participants will benefit by adding 

to the knowledge pool which could then lead to better assessment and treatment by clinicians. The study 

will provide more insight into objective gait assessment tools for clinicians, which will assist them in 

providing better and more accurate assessment, and consequently more suitable and efficient exercise 

programmes. Furthermore, this will help the clinicians to get greater insight into the condition and 

participants will be able to get more personalized attention from the healthcare practitioner.  

 
 
 
 

Ethical Considerations 

 
 Participants will only be included in the study after they provide written and verbal consent. The consent form 

and researcher will clearly explain to the participants the aims and methods of the study, if there are any possible 

conflicts, institutional affiliations of the researcher and if there any potential risks or discomforts of the study. 

The results will be aggregated and anonymised to maintain participants’ confidentiality. 

Participants will be asked to complete the consent form prior to their participation. Once the form is completed 

and consent has been provided, a hard copy and an excel spreadsheet will be opened where all their information 

will be stored. For confidentiality and safety, the hard copy file will be locked in a cabinet in an office at the 

Department of Sport Science at Stellenbosch University and the soft copy will be protected with a password for 

each file. Both the hard and soft copy will be protected, and access is only given to the MSc student, sub 

investigator, supervisor, including co supervisors and the investigator conducting the interrater reliability tests. 

All original paperwork, including the signed consent form, assent form, inclusion and exclusio n criteria, 

descriptive data, and the tests conducted (cJADAS10, Joint Status and 6MWT), gathered during the session are 

all included in the safely preserved hard copy file. Only the MSc student, supervisor, co-supervisors, and sub-
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investigator conducting the tests will have access to each participant's hard copy and electronic file, which will 

only be kept for up to six years. 

 

The results will not be shared, however if the participant provides written and verbal consent for the data to be 

shared, that will be taken into consideration. The informed consent form provides information in which the 

participants’ parents/guardians can indicate to which parties their results may be shared with. In addition, all 

results (individual and averages) will be anonymous during the publication process, thesis, and possible 

conferences, with no personal or medical details shared. 

 
The study will follow the Health Sciences Human Research Ethics Committee of the University of Cape Town 

& Stellenbosch University as well as the principles of the Declaration of Helsinki (General Assembly of the 

World Medical Association. 2014). Some of the principles include autonomy, confidentiality, right to withdraw 

without prejudice, protection of participant health and following local regulatory norms. This study will be 

performed in accordance with the principles of the International Conference on Harmonization and the European 

Good Clinical Practice (GCP) guidelines, the South African GCP guidelines, and the laws of South Africa. The 

study will be covered by the liability insurance policy of Stellenbosch University.  

 




