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ABSTRACT

lliotibial band syndrome (ITBS) is a common repetitive injury in long-distance runners.
Symptoms can lead to significant pain, functional impairment, and inability to
participate in sporting activities such as running. Kinesio Taping (KT) is frequently used
in the management of lower limb injuries and has been shown to improve pain, function,
and running performance. However, the details of such effects remain unclear, with
various hypothesised effects including; limiting the range of motion, improvements in
strength and joint stability, and facilitation of muscle activity. Evidence suggests that
Kinesio tape with tension (KTT) can improve abnormal biomechanics, change lower limb
muscle activity and decrease pain compared to no tape or sham tape conditions and has
been proposed as a potential treatment for ITBS. To date, no study has evaluated the
effects of KT in runners with ITBS. Therefore, the purpose of this thesis was to investigate
the effects of the application of KT on the biomechanics of running and clinical outcomes

in runners with and without ITBS.

Initially the immediate effects of KT on kinematic, kinetic and EMG parameters in the
lower limb; along with perceived comfort, stability of the knee joint, and running
performance were recorded in 20 UK healthy participants (10 males and 10 females)
and 20 Thai healthy participants (10 males and 10 females), aged between 18 and 45
years. Three conditions were tested; No Tape (NT) followed by a randomised order for
Kinesio Tape with Tension (KTT), and Kinesio tape with No Tension (KTNT). The KTT
consisted of three taping techniques; inhibition, space correction, and functional
correction, which were applied over the ITB covering the TFL, at the lateral epicondyle
of the femur, and over the thigh, respectively. The KTNT condition consisted of the same
three layers of KT as in the KTT condition and was applied without tension with the
participant positioned in a neutral lower limb position. Comparisons of peak hip, knee
angles and moments, and EMG were analysed during the stance phase of running. The
results from the healthy studies showed that this KT technique appeared to increase
peak hip external rotation in both the UK and Thai healthy cohorts. Additionally, there
was a decrease in peak hip internal rotation angle in the Thai healthy participants, and
there was a trend towards a decrease in peak hip adduction and internal rotation angle

in the UK healthy participants. Furthermore, TFL activity showed a decrease with KTT
iii



compared with NT, and Gmax activity reduced with KTNT when compared with NT in
the UK healthy participants. Whereas the Thai healthy participants showed Gmax
activity decreased with KTNT compared with NT, and there was a trend toward a
decrease in TFL activity in the KTT condition compared to the NT condition. These results
suggest that a significant change in biomechanics of running and muscle activity can be
achieved with the application of KT, with the greatest effect seen with the application
of KT with tension, with no participants reporting any negative important changes in
comfort and perception of stability of the knee joint, although two individuals in the KTT
condition reported a clinically important negative change on running performance in the
UK participants, with one in the KTT indicating a clinically important negative effect on

comfort and running performance.

The last study was a randomised controlled trial that was conducted on 40 Thai
participants with ITBS (20 in KTT group and 20 in KTNT group). The peak hip, knee angles
and moments, EMG, hip abductor and external rotator muscle strength, and TFL muscle
and iliotibial band (ITB) length were measured at pre-tape and immediate-post tape.
Clinical outcome measures; Numerical Pain Rating scale (NPRS), Knee Injury and
Osteoarthritis Outcome Score (KOOS), Tampa Scale for Kinesiophobia (TSK), Global
Rating of Change (GROC), perceived comfort, stability of the knee joint, and running
performance were measured across 7 days. Significant increases were seen in peak hip
external rotation in the KTT group, with a significant decrease in average TFL muscle
activity, but no main effect for group was seen. In addition, KTT group demonstrated
significantly decreased peak knee external rotation moments compared to KTNT group
immediate post-taping, with no significant differences between groups was seen for
pre-tape. Moreover, there was a significant increase for TFL and ITB length in both KTT
and KTNT groups and a decrease in the average Gmax, Gmed, and VM muscle activity.
Furthermore, a significant decrease for peak Gmed muscle activity was seen in females
in both groups. Participants in the KTT group reported improvements in NPRS, all
domains of KOQOS, GROC, and also no participant reported any negative important
changes in perceive comfort, stability of the knee joint, and running performance after

using KT, but no significant effects were seen for TSK.



This work provides new insights and data to support the use of KT to change running
biomechanics previously associated with ITBS, with the greatest effect seen with the
application of KT with tension, with important improvements in all clinical outcome
measures except TSK. However, the majority of the changes were small when
considering the variability in the biomechanical and EMG measurements, suggesting
that there was little difference between the KTT and KTNT interventions. The clinical
implications should be interpreted carefully along with the clinician's experience and
expertise. Further work is required to explore the longer-term effects on the
biomechanical and clinical outcome measures using KT with and without tension in the

management of ITBS.
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CHAPTER1 [INTRODUCTION

lliotibial band syndrome (ITBS) is a common repetitive injury in long-distance runners
(Taunton et al., 2002b). Epidemiological studies have reported that incidence ranges
from 1.6% to 12% of all lateral knee symptoms in runners (Lavine, 2010, Ellis et al., 2007,
Messier et al., 1995). The recent systematic review of running-related musculoskeletal
injuries in runners reported that incidence ranges from 3.4% to 15.7%, and the
prevalence ranges from 2.2% to 17.4% of all symptoms in runners (Kakouris et al., 2021).
Persistent symptoms, slow healing, and a high rate of recurrence makes ITBS a
frustrating injury for runners, doctors, physiotherapists, and clinicians. In addition, these
injuries may lead to significant pain, functional impairment, and time-off running

participation (Beals and Flanigan, 2013).

The two theories which potentially explain the mechanisms of ITBS are friction and
compression. The friction theory considers that the iliotibial band (ITB) glides over the
lateral femoral epicondyle (LFE) during the first 25 degrees to 30 degrees of knee flexion
causing irritation of the ITB or its bursa at foot strike and during the early stance phase
of running (Orchard et al., 1996). The friction of the ITB is caused while moving into knee
flexion and extension in the impingement zone coupled with internal rotation
movement of the tibia. The compression theory considers the cause of pain through ITB
inflammation associated with compression of the adipose tissue located between the
ITB and distal femur just proximal to the LFE as the knee internally rotates during knee
flexion, caused through the entheseal traction and repeated compression of the
neurovascular rich, periepicondylar fatty tissue (Fairclough et al., 2006). During initial
loading in stance phase, the knee increases its movement from extension to flexion.
Compression of the ITB causes an impingement against the LFE at 30 degrees of knee
flexion (Fairclough et al., 2006, Ekman et al., 1994). The knee is flexed to approximately
21 degrees during initial contact (Swanson and Caldwell, 2000), the ITB is located
anteriorly to the LFE, and the ankle is supinated. During early midstance and throughout
loading response, the ankle is in a pronated position, the tibia rotates internally, the
knee joint flexes to 30 degrees, and the ITB translates posteriorly to the LFE. From early

midstance and continuing into terminal stance phase the ankle then resupinates, the



tibia rotates externally and the knee re-extends (Levangie and Norkin, 2011). An
abnormally high tension of the ITB could be the contributing factor in the high
compression between the ITB and the LFE, which appears to be associated with the

development of ITBS (Fairclough et al., 2006, Ekman et al., 1994).

There are many factors that influence the development of ITBS. The major extrinsic risks
of ITBS may include worn out running shoes, training program errors, running at a too
higher pace or high weekly mileage, and running on an uneven or slippery surface (van
Poppel et al., 2021). Intrinsic risk factors can also influence the ability to absorb ground
reaction forces, therefore placing more stress on the knee joint including movement
into knee varum, rearfoot and forefoot varum, and pes cavus or high arch. Moreover, a
prominent LFE, tightness of the ITB and tensor fascia latae (TFL), and weakness of the
gluteus medius (Gmed) (Baker and Fredericson, 2016, Fredericson et al., 2000) and hip
external rotators (Noehren et al., 2014). Inadequate warm-up before practice or play
have also been suggested as intrinsic risks. Furthermore, in runners with tightness and
weakness in the knee extensors, an excessive lateral tracking of the patella and
decreased deceleration forces during flexion may occur, which could lead to increased
stress on the lateral stabilizing structures of the knee joint (Messier et al., 1995, Worp
and Maarten, 2012, Baker and Fredericson, 2016). Previous research has shown that
runners with ITBS demonstrated abnormal running biomechanics with increased hip and
knee internal rotation and adduction compared to healthy participants (Noehren et al.,

2007, Noehren et al., 2014).

Various treatments have been suggested for ITBS including; manual adjustments to the
ankle and foot, patella alignment, massage therapy or foam roller for myofascial release,
use of ultrasound and electrical muscle stimulation to restore normal muscle tone and
decrease inflammation. Moreover, strength training for the Gmed, gluteus maximus
(Gmax) and quadriceps, as well as stretching the hamstrings, quadriceps, adductors, ITB,
and external rotators of the thigh have also been suggested (Strauss et al.,, 2011,
Menetrey and Fritschy, 1999, Kvist and Jarvinen, 1982). In addition, changing running
shoes every 300-500 miles of use is recommended (Barber and Sutker, 1992), and an
increase in training volume should not be increased by more than 10% per week (Buist
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et al., 2008). Despite this, runners with ITBS still suffer from chronic severe pain and face
a long rehabilitation time which can affect the career of professional athletes, and no

clear guidelines exist for the management of ITBS.

Kinesio Taping (KT) is a common treatment technique in physical therapy and
rehabilitation, which was developed in Japan by Kase and has become increasingly
popular for use in musculoskeletal problems (Zhang et al., 2019, Campolo et al., 2013,
Mackay et al., 2020). Although, the therapeutic effects of KT are still not clear, it is
hypothesised that the therapeutic effects of KT include; reduced local edema,
improvements in blood circulation by facilitating muscle activity, providing a sensory
stimulus to the skin, muscle, or fascial structures, and limiting the range of motion of
the affected tissues (Kase et al., 2003). It is claimed that the elastic nature of KT can
generate stretch and recoil of the skin and superficial tissues during movement, resulting
in mechanical deformation and stimulation of low-threshold mechanoreceptors in the
skin, fascia, Golgi tendon organs and skeletal muscle spindles (Della Croce et al., 2005, Lim
and Tay, 2015, Williams et al., 2012, Montalvo et al., 2014, Mostafavifar et al., 2012). In
addition, it is claimed that the activation of mechanoreceptor peripheral afferents with
low thresholds when using KT results in the inhibition of nociceptive transmission
through pain gate control theory (D'Mello and Dickenson, 2008). Previous studies have
demonstrated that Kinesio Tape with tension (KTT) can alter abnormal biomechanics
and decrease pain through the stimulation of the mechanoreceptors within the skin
compared to no tape or sham tape conditions (Kakar et al., 2020, Mackay et al., 2020,
Song et al., 2015, Song et al., 2017). Therefore, there is potential that KTT may help the
associated abnormal ITBS biomechanics by increasing the hip external rotation and
abduction, decreasing hip internal rotation or adduction, decreasing knee internal
rotation movement, and decreasing TFL muscle activity during the stance phase of

running, which may be associated with improvements in clinical outcome measures.

Kinesio Taping is a common technique and has been proposed for the management of
ITBS, and has been purported to work through a combination of muscle inhibition,
mechanical correction through the use of tension within the tape, and space correction
which is defined as increasing the space between the skin and muscle (Kase et al., 2003).
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It has been suggested that this may enable runners with ITBS to keep running after
applying KT. However, scientific evidence to support these statements is limited. A
systematic review of KT indicated that KT was more effective compared to active or
sham taping, while the differences were small and may not be clinically important,
furthermore many of the trials were of low quality (Parreira Pdo et al., 2014). To date,
no study has evaluated the effects of KT in runners with ITBS. Therefore, the purpose of
this thesis is to investigate the effects of the application of KT on running biomechanics

in healthy runners and biomechanical and clinical outcomes in runners with ITBS.

1.1 Thesis structure

The thesis consists of seven chapters.

Chapter 1 — Introduction

This provides a brief description of ITBS, which is followed by an overview of the
epidemiology of ITBS, factors influencing the development of ITBS, the treatment and
management of individuals with ITBS using KT, and highlights how the current thesis will

contribute to knowledge in this field.

Chapter 2 — Literature review

This review presents literature concerning; the anatomy and function of the ITB and
muscles associated with the ITB, epidemiology of ITBS, mechanisms of injury, risk
factors, and clinical assessment. In addition, the current management strategies used
for individuals with ITBS including taping and the mechanisms of taping will be
considered. The biomechanical measurements and clinical outcome measures for the
management of individuals with ITBS used in this thesis conclude this chapter. The aims,

objectives and hypotheses of this thesis are then covered.

Chapter 3 — General methods

This chapter presents information regarding the instrumentation and general methods
used across the different studies in this thesis. This includes calibration protocols,

equipment specifications and sampling frequencies, biomechanical models, EMG



protocols, taping methods, running biomechanics tests, and data processing techniques.
Justification for the selection of the subjective feedback questionnaires; perceived
comfort, stability of the knee joint, and running performance assessments are also

provided.

Chapter 4 — The immediate effects of kinesio taping on running biomechanics, muscle

activity, and perceived changes in comfort, stability and running performance in UK

healthy runners

This chapter explores the effect of KTT and KTNT on lower limb running biomechanics,
lower limb muscle activity and perceived comfort, stability and running performance

compared to no tape in UK healthy participants.

Chapter 5 — The immediate effects of kinesio taping on running biomechanics, muscle

activity, and perceived changes in comfort, stability and running performance in Thai

healthy runners

This chapter explores the effect of KTT and KTNT on lower limb running biomechanics,
lower limb muscle activity and perceived comfort, stability and running performance

compared to no tape in Thai healthy participants.

Chapter 6 — The effects of kinesio taping on running biomechanics, muscle activity, and

clinical outcome measures in runners with iliotibial band syndrome: a randomised

controlled trial

This chapter reports a randomised controlled trial (RCT) which investigated the short-
term effect of KT in Thai runners with ITBS in a group of receiving KTT and a group
receiving KTNT, emphasising the biomechanical and clinical effects of KTT and KTNT in

individuals with ITBS, and comparisons between the two groups.

Chapter 7 — Synthesis and conclusion

This chapter provides the general discussion and clinical implication, highlights the
contributions to knowledge, as well as the limitations and recommendations for future

research, and final conclusions.



CHAPTER 2 Literature Review

2.1 lliotibial band syndrome

2.1.1 Anatomy and function of the lliotibial band

The lliotibial band (ITB) or iliotibial tract is a lateral fascia which is formed by the tensor
fascia latae (TFL) and gluteus maximus (Gmax) muscles. Its origin is at the iliac crest and
continues downward to the lateral side of the thigh passing over the lateral femoral
epicondyle (LFE), and inserts at the Gerdy's tubercle on the anterolateral aspect of the
tibia, as illustrated in Figure 2-1 (Joshua, 2005, Baker and Fredericson, 2016). There are
two regions of ITB that are identifiable; a proximal ‘tendinous’ part and over the LFE and
a ‘ligamentous’ part between the LFE and Gerdy's tubercle. The superficial aspect of the
ITB attaches to the fascia of the vastus lateralis (VL) muscle, linking the intermuscular
septum to the linea aspera on the posterolateral aspect of the femur (Joshua, 2005). The
other attachments of the ITB include the biceps femoris muscle, lateral patellar
retinaculum, the patella through the epicondylopatellar ligament, the patellar
retinaculum (iliopatella band), and the patellar tendon which help the lateral
stabilization of the knee joint (Kaplan, 1958, Fairclough et al., 2006). The iliopatella band
connects the anterior aspect of the ITB and femur to the lateral side of the patella, with
the function being to decelerate the medial glide of the patella as the knee flexes (Terry
et al., 1986). Additionally, there are bursa that is fluid sac located between the ITB and
greater trochanter, and between the ITB and LFE. The bursa’s function is to decrease
and prevent friction between the ITB and greater trochanter, and between the ITB and
LFE. There is a layer of adipose tissue between the tendon and the insertion area which

consist of fat, blood vessels, nerves, and Pacinian corpuscles (Fairclough et al., 2006).



gluteal aponeurotic fascia

tensor fascia lata (TFL)
gluteus maximus

greater trochanter of femur

vastus lateralis iliotibial (IT) band/tract

biceps femoris

Gerdy’s tubercle

Figure 2-1 The lateral view of the thigh demonstrating the ITB and important

adjacent landmarks (Flato et al., 2017).

There are three muscles of importance associated with the ITB which can be seen in
Figure 2-1. Firstly, the Gmax, the largest muscle of the gluteal muscles which is a
guadrangular shape. The origin of this muscle is the crest of the ilium, the posterior
surface of the lower part of the sacrum, the base of the spine, and the coccyx,
the aponeurosis of the erector spinae (lumbodorsal fascia), the sacrotuberous ligament,
and the fascia covering the gluteus medius (gluteal aponeurosis). The main function of
Gmax is hip extension but also stabilizes the knee and hip joints via the ITB (Richard et
al., 2009, Agur et al., 2017). Secondly, the TFL, which is a lateral thigh muscle with an
origin at the external surface of the iliac crest from the anterior superior iliac spine to
the tuberculum of iliac crest, inserts into the ITB and runs inferior to attach at the tibia.
The TFL muscle helps to stabilise the knee in extension, and abducts and rotates the hip
joint internally (Richard et al., 2009, Agur et al., 2017). The relationship of Gmax and TFL
is at the proximal part of the ITB, which provides an insertion for the Gmax in the
posterior portion and TFL in the anterior portion which acts as a lateral hip stabiliser by
resisting hip adduction (Joshua, 2005, Strauss et al., 2011). Finally, the gluteus medius
(Gmed), is one of three gluteal muscles which originates from the outer surface of both
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the anterior and posterior gluteal lines of the ilium and attaches to the lateral surface of
the greater trochanter of the femur. Although, Gmed does has no connection to the ITB,
the main function is to abduct and externally rotate the hip which acts as a main hip
stabiliser (Richard et al., 2009, Agur et al., 2017). The distal part of the ITB acts as a
stabiliser for the lateral aspect of the knee joint and attaches to both the distal femur
and the proximal tibia (Terry et al., 1986). Moreover, when the knee flexes less than 30
degrees, the ITB also functions as a knee extensor, but at angles greater than 30 degrees
of flexion it works as a knee flexor, and as the knee increases into flexion the ITB moves
more posteriorly to the lateral femoral epicondyle that can help to resist tibia internal
rotation (Strauss et al., 2011, Amis, 2017). In addition, the ITB helps stability and resists
the large knee abduction moments (Hamill et al., 2008), and overuse such as long-

distance running or cycling can trigger ITB injuries.

2.1.2 Epidemiology

lliotibial band syndrome (ITBS) is one of the most common overuse injuries in long-
distance runners, commonly presenting as pain on the lateral side of the knee (Taunton
et al., 2002a, van der Worp et al., 2012). Similarly, ITBS can be seen in cyclists and has
been reported to account for 15% to 24% of all overuse injuries in cyclists (Farrell et al.,
2003, Holmes et al., 1993), and is also commonly reported in athletes participating in
field hockey, tennis, soccer, rowing, skiing, and triathlons (Messier et al., 1995, Tuite,
2010, Lavine, 2010, Rumball et al., 2005, Devan et al., 2004). The reported incidence of
ITBS ranges from 1.6% to 12% of lateral knee symptoms in runners (Ellis et al., 2007,
Messier et al., 1995, Lavine, 2010) and 22.2% of all injuries of the lower extremity
(Fredericson et al., 2000). Kakouris et al. (2021) reported that incidence of ITBS ranges
from 3.4% to 15.7%, and the prevalence ranges from 2.2% to 17.4% of all symptoms in

runners in a systematic review of running-related musculoskeletal injuries.

Many studies have explored the prevalence of ITBS and associated running injuries.
Noehren et al. (2007) reported an ITBS incidence rate of 16% from 400 runners over four
years in the University of Delaware community. Taunton et al. (2002a) reported 63 cases

of ITBS in 926 males and 105 cases in 1,076 females, indicating a prevalence of 6.8% in



males and 9.8% in females. This showed a higher incidence of ITBS compared with
previous reported data from the Allan McGavin Sports Medicine Centre, with 4.3%
reported in 1981 (Clement et al., 1981), 7.5% in 1991 (Macintyre et al., 1991) and 8.4%
in 2000. Furthermore, Tenforde et al. (2011) surveyed 442 female and 306 male high
school athletes aged 13 to 18 years old and reported a prevalence of ITBS of 7% in
females and 5% in males. From these data on the incidence and prevalence of ITBS, this
can be considered a common lower limb injury especially in runners. In order to provide
the most appropriate management and treatment for individuals with ITBS, a greater

understanding of the potential mechanisms of injury is required.

2.1.3 Mechanisms of injury

The mechanisms of ITBS injury are important for its prevention and management. There
are two contrasting theories which potentially explain the mechanisms of ITBS which
involve the compression and friction of the impingement at around 30 degrees of knee
flexion. The friction theory is a traditional concept and it was believed that the ITB glides
over the LFE during the first 25 degrees to 30 degrees of knee flexion causing irritation
of the ITB or its bursa during repetitive activities such as cycling or running (Orchard et
al., 1996, Fredericson and Wolf, 2005, Bonaldi et al., 1998). Orchard et al. (1996)
described an impingement zone as an area of friction on the ITB and LFE that occurs at
30 degrees of knee flexion, or slightly below, at foot strike and during the early stance
phase of running. The friction of the ITB is caused while moving into knee flexion and
extension in the impingement zone coupled with the internal rotation of the tibia and
an increase in the tension of the VL, bicep femoris, TFL and iliotibial tract. During this
period, the TFL and Gmax muscles work eccentrically causing the leg to decelerate,
generating tension in the ITB. If the tension in the Gmax or TFL increase, this will cause
an increase in tension in the ITB and cause friction between the ITB and the LFE (Orchard
et al,, 1996, Kirk et al., 2000). Figure 2-2 presents a representation of the friction and

impingement model of ITBS.
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Figure 2-2 Friction and impingement model. ITB, iliotibial band; LFE, lateral femoral

epicondyle (Baker and Fredericson, 2016).

In contrast to the compression model, Fairclough et al. (2006) hypothesised that friction
is not the cause of ITBS as the ITB insertion is deeply and strongly into the LFE. Fairclough
and colleagues highlighted that ITBS occurs at 30 degrees of knee flexion through a
compression mechanism, suggesting that the cause of pain and inflammation of ITBS is
from the compression of the adipose tissue onto the LFE as the knee internally rotates
during knee flexion. Therefore, ITB may be more likely to be associated with the
compression of the fat pad and Pacinian corpuscle onto the ITB, rather than through
repetitive friction as the knee flexes and extends. Therefore, Fairclough and colleagues
concluded that ITBS is not a friction syndrome, but it is a result of entheseal traction and
repeated compression of the neurovascular rich, periepicondylar fatty tissue located
between the ITB and distal femur just proximal to the LFE. Figure 2-3 presents the

enthesopathy and compression model of ITBS.
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Figure 2-3 Enthesopathy and compression model. ITB, iliotibial band; LFE, lateral

femoral epicondyle (Baker and Fredericson, 2016).

Jelsing et al. (2013) suggested that there is an overlap between the two theories. They
studied the ITB movement relative to the LFE as a function of knee flexion in both non-
weight-bearing and weight-bearing positions using sonographic evaluation in five male
and 15 female asymptomatic recreational runners. They measured the distance
between the anterior fibres of the ITB and the LFE in full extension, 30° of knee flexion,
and 45° of knee flexion. The measurements were investigated on both knees in the
supine (non-weight-bearing) and standing (weight-bearing) positions. The results of this
study revealed the anteroposterior motion of the ITB relative to the LFE during knee
flexion and extension from 0° to 30° and 45° of knee flexion. Although these findings
showed that the posterior fibres of the ITB movement were difficult to analyse because
of stronger blending into the fascia, Jelsing and colleagues stated that by 30° of knee
flexion, the posterior ITB moved over the LFE in a posterior direction. As a result, during
knee flexion, the posterior free edge of the ITB comes into contact with and passes over
the LFE. These findings support the study by Orchard et al. (1996), who demonstrated
that the posterior fibres was seen to be anterior to the lateral condyle of the femur in
full knee extension in six out of 11 cadaver knees. Therefore, both Orchard et al. (1996)

11



and Jelsing et al. (2013) support the concept of a friction and impingement zone, and

the unique posterior fibre attributes of the ITBS.

2.1.4 Risk Factors

Risk factors provide runners and therapists with precautions to raise awareness which
aim to reduce the chances of developing ITBS. There are many influencing factors that
have been suggested to be associated with the development of ITBS which include both

intrinsic and extrinsic risk factors (Baker et al., 2011).

2.1.4.1 |Intrinsic risk factors

Anatomy or alignment of the lower extremity is one intrinsic risk factor that needs to be
considered. Malalignment of the knee, ankle or foot can trigger the symptoms of ITBS
as these can all change the tension within the ITB. The presence of genu varum,
excessive internal rotation of the tibia, rearfoot and forefoot varum, pes cavus or high
arch, prominence of the LFE have all been highlighted as having a possible association
with ITBS (Joshua, 2005, Noble, 1980, Ferber et al., 2010b, Noehren et al., 2007).
Taunton et al. (2002a) studied a retrospective case-control analysis of 2002 running
injuries and reported differences in lower limb alignment in 164 individuals with ITBS
including; 33% of cases presenting with varus knee alignment, 15% of cases showing
valgus knee alignment, 15% of cases showing pes planus, 7.3% of cases showing pes
cavus, and 10.4% of cases showing a large leg length discrepancy. McNicol et al. (1981)
studied 52 athletes with ITBS and found that 55% had mild-to-severe knee varus, and
8% had mild knee valgus, 90.4% had functional overpronation and 13% had leg-length
discrepancies. The increased foot pronation or rearfoot eversion may increase tibial
internal rotation which in turn may elongate and increase the tension in the ITB. This is
in contrast with Messier et al. (1995) who showed that there was no significant
difference in leg-length between ITBS and a control group. Everhart et al. (2019) studied
the relationship between LFE morphology and ITBS in 75 ITBS cases and 75 matched
controls using knee magnetic resonance imaging. They found that the height of the LFE
in ITBS cases was significantly higher than the control group suggesting a higher LFE

could increase the tissue compression of the posterior ITB over the LFE. Jelsing et al.
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(2014) used sonography in 12 unembalmed cadaver knees after injecting saline solution
to create an effusion, then monitored below the ITB at the LFE at 0 degrees, 25 degrees,
and 45 degrees of knee flexion. All knees demonstrated fluid deep and anterior to the
ITB in both knee flexion and extension. They concluded that a lateral synovial recess
extending deep to the ITB insertion maybe a source of lateral knee pain syndromes,

including ITBS.

Based on the anatomy, the tightness of Gmax, quadriceps, ITB and lateral retinaculum
may contribute to abnormal and excessive tensioning of the ITB (Stecco et al., 2013).
This unusual tension of the ITB may be related to hypertonicity of the Gmax muscle and
an increased activation of the TFL and Gmax muscle (Stecco et al., 2013), and rapid rate
of loading of the ITB (Hamill et al., 2008, Meardon et al., 2012). However, the tightness
within the TFL muscle or ITB was the most common issue found in individuals with ITBS
(Joshua, 2005, Falvey et al., 2010, Baker and Fredericson, 2016). The TFL tightness is one
of the primary risk factors of ITBS as it attaches to the ITB (Baker et al., 2011, Richard et
al., 2009). Miller et al. (2007) reported that runners with ITBS had a tighter ITB than
control runners using the Ober’s test. This finding was similar to Noehren et al. (2014)
who showed a reduced ITB length in a ITBS group compared to a control group. In
addition, Foch et al. (2015) found that there was a decrease in the ITB flexibility in
runners currently suffering from ITBS compared to runners previously suffering from

ITBS when compared with healthy controls.

The tightness in the TFL can increase the tension in the ITB that could be a contributing
factor of the high compression against the LFE, which could lead to the development of
ITBS (Fairclough et al., 2006). The tightness in the TFL, which attaches to the ITB, can
result in changes to running biomechanics. The TFL has several functions including hip
abduction, flexion and internal rotation (Richard et al., 2009). Tightness in the TFL can
cause hip internal rotation, which is a commonly reported presentation in runners with
ITBS (Baker and Fredericson, 2016). This is supported by Noehren et al. (2014) who
reported that runners with ITBS had significantly greater hip internal rotation during
early stance. They suggested that this may be due to various factors such as tightness in
the TFL, weakness in the hip abductors, or altered neuromuscular control. The
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reductions in the tightness of the TFL may help to improve the symptoms of ITBS by
improving hip muscle control. However further work is required to investigate if
different interventions can reduce TFL tightness, improve flexibility and symptoms in

runners with ITBS.

Muscle weakness, especially hip abductor muscle weakness or Gmed weakness is one
of the main risk factors of ITBS (Fredericson et al., 2000, Noehren et al., 2007).
Fredericson et al. (2000) stated that the strength in the hip abductors in the affected leg
was lower when compared with their unaffected leg in runners with ITBS. Moreover,
Foch et al. (2015) compared the isometric hip abductor strength between an ITBS group
and healthy control group and found significantly weaker hip adductors in runners
previously suffering from ITBS compared to runners currently suffering from ITBS and
healthy controls. Furthermore, a systematic review found a relationship between hip
abductor strength and injury in long-distance runners, and demonstrated that hip
abductor muscle weakness is common among runners with ITBS (Mucha et al., 2017).
Moreover, if hip abductor weakness is present, it can result in changes in running
biomechanics in individuals with ITBS (Baker et al., 2011). In addition, previous studies
have reported weakness in the external rotators in runners with ITBS which can increase
the load on the ITB (Noehren et al., 2014). Baker and Fredericson (2016) suggested that
the hip abductor or external rotator weakness may lead to an increased hip adduction
and internal rotation angle during the stance phase of running, and lead to an increased
valgus force at the knee thus increasing the strain of the ITB and compressing the tissues

beneath.

Runners who have developed ITBS have been reported to have an increased hip
adduction angle and knee internal rotation, and may therefore have an increased
compression force from the ITB on the LFE (Noehren et al., 2007). Noehren et al. (2007)
compared the lower extremity kinematics and kinetics of female runners who had
developed ITBS to healthy runners. They reported that female runners who develop ITBS
had a greater hip adduction angle compared to healthy runners. However, Brown et al.
(2019) indicated that ITBS runners showed a decrease in the Gmed muscle activity at
initial median frequency values (an indicator of fatigue resistance) suggestive of fatigue,

14



but muscle onset activation timing did not differ between ITBS and control groups for
the Gmed muscle. They stated that there was no gross strength impairments of the
Gmed muscle in female runners with ITBS, but did demonstrate a lower resistance to
fatigue. The increase muscle strength or endurance in the hip abductor or Gmed may
help to improve the symptoms of ITBS. However further work is required to investigate
if different interventions can increase hip abductor or external rotator strength, and

improve the symptoms in runners with ITBS.

Sex differences is one of the intrinsic risk factors that should be considered as
differences in the skeletal alignment of the lower limb exists between the two sexes,
which may lead to variations in gait patterns. For healthy runners, previous studies
studying sex differences in running biomechanics have reported that there was a
difference in running biomechanics between healthy male and female runners (Ferber
et al., 2003, Nigg et al., 2012). No significant differences have been reported in the
sagittal plane kinematics for the hip, knee, and ankle between healthy male and female
runners (Ferber et al., 2003, Chumanov et al., 2008, Nigg et al., 2012, Sakaguchi et al.,
2014). However, several studies have reported greater frontal and transverse plane
kinematics for the hip and knee angles in female compared with male runners
(Chumanov et al., 2008, Ferber et al., 2003, Sakaguchi et al., 2014, Nigg et al., 2012).
Ferber et al. (2003) demonstrated that female recreational runners exhibited a
significantly greater peak hip adduction, hip internal rotation and knee abduction angle
compared to male runners. This is supported by Chumanov et al. (2008) who showed
that females presented greater peak hip internal rotation and adduction angle during
stance of running compared to males. Nigg et al. (2012) reported that healthy female
runners have a greater hip and knee adduction in the stance phase when compared to
healthy male runners. Similarly, Sakaguchi et al. (2014) reported that female runners
demonstrated significantly greater peak knee abduction, hip adduction and internal

rotation angles.

When considering the clinical implication of increased range of motion (ROM) of females
compared to males, it may be plausible to prescribe different levels of intervention for
females compared to males. Females may require greater KT tension in order to increase
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the stimulation of the mechanoreceptors, enhancing proprioception in order to alter
their abnormal running mechanics. However, care must be taken as an excessive
increase in KT tension may cause skin irritation. To the author's knowledge, no research
has examined specific interventions for male and female runners with ITBS and as a
result, future research may want to examine the effect of altering KT tension in males

and females to determine any differential effect on lower limb running mechanics.

When considering the differences in joint moments between sexes in healthy runners,
Ferber et al. (2003) demonstrated that female runners were slightly greater hip flexion
and produced a great hip extension moment but showed similar knee joint moment in
sagittal plane, and there was a similar in the frontal and transverse planes for hip and
knee joint moments in female runners compared to male runners. In contrast, Vannatta
and Kernozek (2021) showed that males produced reduced peak hip abduction and
external rotation moments than females while there was no difference in hip extension
moment between male and female runners. In addition, Sinclair and Selfe (2015)
indicated that females showed significantly greater peak knee extension and abduction

moments compared to males during running.

There are only a limited number of studies that examined sex differences and muscle
activities between healthy male and female runners. Previous studies showed that
healthy female runners have a greater Gmax muscle activity during the stance phase
compared to healthy male runners, but no differences were seen in Gmed muscle

activity between sexes (Chumanov et al., 2008, Willson et al., 2012).

When considering individuals with ITBS, many of the previous studies investigated ITBS
in females (Noehren et al., 2007, Ferber et al., 2010b, Foch and Milner, 2013) or mixed-
sex runners (Grau et al., 2011), even though 50% to 81% of the ITBS population are male
runners (van der Worp et al., 2012). There was only one study demonstrated sex
differences in ITBS. Phinyomark et al. (2015) studied the differences between males and
females in gait kinematics in runners with ITBS, and between healthy runners compared
with their ITBS counterparts. In addition, the result of this study showed that female
ITBS runners exhibited significantly greater hip external rotation compared with male
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ITBS and female healthy runners. However, there is still a lack of information on the
differences in biomechanical presentation between male and female runners with ITBS.
This highlights the importance of considering sex differences when exploring the

differences between healthy individuals and those with ITBS.

Biomechanical risk factors during running have been reported, including proximal, distal
and local factors with respect to location of ITBS pain. Proximally, the ITB acts as a hip
stabilizer on the lateral side resisting hip adduction (Fredericson et al., 2000). Because
of the ITB’s attachment to the pelvis and femur, increased hip adduction angles have
been proposed as an aetiologic factor for ITBS as it could potentially lead to increased
strain in the ITB (Ferber et al., 2010a, Ferber et al., 2010b, Noehren et al., 2007). Some
studies have explored the relationship between dynamic alignment in the lower
extremities and ITBS (Foch and Milner, 2013, Shen et al., 2021). Shen et al. (2021)
studied the effects of running biomechanics on the occurrence of ITBS in male runners
during an eight-week running programme. They found that the ITBS group showed
greater anterior pelvic tilt and hip flexion angle than the control group. They indicated
that ITBS might be related to the lack of timely gait adjustment, excessive trunk
inclination, and anterior pelvic tilt angle. The increased anterior pelvic tilt angle may be
due to the hip flexor musculature tightness, such as iliopsoas and TFL, or the surrounding
anterior hip capsular and ligamentous structures (Schache et al., 2000). Foch and Milner
(2013) studied the frontal plane running biomechanics of 17 female runners with
previous ITBS, and 17 healthy control participants. The result showed that runners with
previous ITBS exhibited similar peak trunk lateral flexion, peak contralateral pelvic drop,
peak hip adduction, and peak external knee adduction moment compared with controls.
They indicated that frontal plane pelvis and trunk motion may not be associated with

ITBS.

Local factors associated with ITBS include an impingement zone between 20-30 degrees

of knee flexion which may cause a compression between the LFE and the ITB (Orchard

et al., 1996). However, Orchard et al. (1996) reported that there were no differences in

knee flexion at foot strike or peak knee flexion on the affected side in individuals with

ITBS compared to the unaffected leg. In addition, Noehren et al. (2007) showed no
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differences in knee flexion/extension patterns in runners who had ITBS compared to
healthy controls. This would suggest that the cause of pain and discomfort associated
with ITBS is unlikely to be due to differences in sagittal plane biomechanics. With
attachments of ITB at the LFE and the Gerdy’s tubercle, the ITB is likely strained with an
increase in internal rotation of the knee. The strain of the ITB may contribute to the
development of ITBS (Fredericson et al., 2000, Baker and Fredericson, 2016, Aderem and
Louw, 2015). This was supported by Noehren et al. (2006) who showed that runners who
have a history of ITBS had a significantly higher knee internal rotation compared to a
healthy control group. The combination of greater knee internal rotation angle and an
associated high external rotation moment could place greater demands on the ITB which

could contribute to ITBS.

It is also important to consider distal factors, including ankle and foot biomechanics,
which may contribute to the presentation of ITBS. The increase in rearfoot eversion may
be a risk factor of ITBS as this produces an increase in tibia internal rotation, and
consequently places an excessive tensile force on the ITB, which has been shown to be
a contributing factor in ITBS (Ferber et al., 2010b). In addition, the excessive internal
rotation of tibia was explained in the linkage between the occurrence of ITB injury and
in-toeing during stance phase (Reischl et al., 1999). However, a systematic review did
not contain any prospective studies that demonstrated differences in rearfoot eversion
angles between healthy matched controls and runners with ITBS (Louw and Deary,
2014). Miller et al. (2007) demonstrated that runners with ITBS during a run to fatigue
test showed a greater rearfoot inversion angle at heel strike compared to a healthy
control group. In addition, Grau et al. (2008b) found that individuals with ITBS had a
reduced inversion angle at heel strike compared to a healthy control group, however
there was no significant difference in peak rearfoot eversion between the ITBS and the
control group. In 2006, Noehren et al showed that runners with a history of ITBS had
reduced peak rearfoot eversion, although this is in contrast to the findings of Messier et
al. (1995) who showed no significant difference in rearfoot mechanics while running
between runners with a history of ITBS and healthy controls. In addition, Noehren and

colleagues (2007) reported that the rearfoot eversion was similar between a healthy and
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ITBS group. These contrasting findings highlight that the link between the distal

mechanisms and ITBS is still unclear and needs further study.

The proximal, local, and distal biomechanical risk factors during running are important
considerations in ITBS, however, there are many research studies which have considered
the biomechanics in runners with ITBS, which have mostly highlighted the importance
of the frontal and transverse plane biomechanics (Noehren et al., 2007, Ferber et al.,
2010b, Miller et al., 2007, Orchard et al., 1996). Orchard et al. (1996) stated that the
mechanics in the coronal and transverse planes may show a greater number of
biomechanical risk factors related to ITBS compared to the sagittal plane. In addition,
when considering the running phase of study, some studies state that we should study
the full gait cycle as understanding the movement in swing phase (Foch and Milner,
2013, Shen et al., 2021), although pain associated with ITBS often occurs in the stance-
phase of running, hence the majority of ITBS research only studied the stance-phase,
especially the deceleration phase (Noehren et al., 2007, Ferber et al., 2010b, Foch et al.,
2015).

There are many studies that have reported on the biomechanics of ITBS. Noehren et al.
(2007) hypothesised that ITBS runners would reveal an increase in the peak hip
adduction, knee internal rotation, rearfoot eversion angle, but would not show any
differences in knee flexion at heel strike. Moreover, the ITBS group were predicted to
have greater hip abduction, knee external rotation, and rearfoot inversion moments. A
total of 400 participants were recruited over a period of four years, of whom 18
developed ITBS. The results showed that those who developed ITBS revealed
significantly greater hip adduction and knee internal rotation compared to the control
group. However, they presented similar rearfoot eversion and knee flexion angles, and
no differences in joint moments were seen when compared with the control group. This
supports the hypotheses that frontal and transverse plane kinematics play an important
role, and appear to be a risk factor contributing to the presentation of ITBS in female
runners, particularly greater hip adduction and knee internal rotation angle. Similarly,
Ferber et al. (2010b) studied competitive female runners with a history of ITBS. They
investigated 35 females, who had a past history of ITBS and 35 females, matched for age
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and running distance, with no previous knee-related musculoskeletal injuries as the
control group. The results showed atypical hip and knee kinematics, evidenced by
significant increases in the peak hip adduction and peak knee internal rotation angles,
and greater rearfoot invertor moments in the stance phase in the ITBS group compared
to the control group. Miller et al. (2007) examined eight runners with a history of ITBS
compared to eight control participants during an exhaustive run. The result of this study
demonstrated that runners with ITBS showed greater internal rotation of the tibia, and
a greater knee flexion angle at heel strike, with participants with ITBS reporting an
average of 43.8 degrees compared with 36.5 degrees in the control group. This indicated
that the sagittal plane as well as the frontal and transverse planes may be important in
the presentation of ITBS. Additionally, the result showed a greater foot inversion angle
with 3.3 degrees seen in the participants with ITBS and -9.5 degrees in the control group,
and a maximum knee internal rotation velocity of 16.4 degrees/s in the participants with
ITBS compared with 10.3 degrees/s in the control group. Grau et al. (2011) reported the
kinematics in a group of 18 participants with ITBS and 18 participants in a healthy control
group. They indicated that runners with ITBS demonstrated significantly lower hip
adduction and frontal hip ROM than the control group. Noehren et al. (2014) studied
runners with ITBS compared to the control healthy group. They found that runners with
ITBS had a significantly greater hip internal rotation and greater knee adduction angle
compared to the control group. Foch et al. (2015) examined the associations between
ITB injury status and running biomechanics by determining the lower extremity and
trunk biomechanics during running in 27 female runners who were currently suffering
from ITBS, previously suffering from ITBS, and a control group. They found a significant
increase in the trunk ipsilateral flexion in runners currently suffering from ITBS
compared to runners previously suffering from ITBS and healthy controls. Additionally,
they stated that participants currently suffering from ITBS may lean forward more at the
trunk in the stance limb which may be related to a decline in flexibility within the iliotibial
band. Hamill et al. (2008) analysed the mechanical strain in the ITB as a possible
causative factor in the progression of ITBS. The magnitude strain of ITB, ITB strain rate,
and duration of impingement was calculated using a model for the lower extremity.
Hamill and colleagues found that there was a significant increase in the strain rate in the
ITBS group compared to the control group, which was also higher in the affected leg of
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the ITBS group compared to the unaffected leg. However, there were no significant

differences in strain magnitudes and in the duration of impingement between the ITBS

and control groups.

In summary, there are many intrinsic risk factors that can contribute to ITBS including

anatomy or alignment of lower extremity, sex differences, muscle tightness, muscle

weakness, biomechanics of running. Figure 2-4 presents the summary diagram of

intrinsic risk factors of ITBS in runners. However, there are extrinsic risk factors that can

contribute runners to ITBS that should be considered.
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Figure 2-4 Summary diagram of intrinsic risk factors of ITBS in runners (Image

modified from Baker and Fredericson, 2016).

2.1.4.2 Extrinsic risk factors

Extrinsic risk factors may include; worn-out running shoes, training program errors,

running too fast, high weekly mileage, and running on an nonstandard surface (David

and Peter, 1994). When considering the condition of running shoes, it has been reported

that after 300 to 500 miles these lose approximately 50% of their ability to offer
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adequate impact absorption of ground reaction forces (Messier et al., 1995). This may
result in greater forces at the hip, knee, and ankle joints which may be responsible for
injuries in these joints and surrounding musculature. Training program errors include
rapid increasing the running distance, increase the incline/decline of running, and
increasing running speed to soon, which have all been reported to be associated with
the occurrence of ITBS. McNicol et al. (1981) reported that 22 from 52 cases of athletes
with ITBS could be attributed to training errors. Therefore, it is recommended that
increases in running distance during training should not exceed 5 to 10% per week due
to the adaptation of muscle, tendons, ligaments and bone needing a gradual increase in
load (Joshua, 2005, Tenforde et al., 2011, Messier and Pittala, 1988). It has been
reported that too high a running speed is a common risk factor in runners, leading to
lower extremity muscle fatigue and injury (Joshua, 2005, Noble, 1980). Additionally, the
type of surface may increase the chance of injury by putting excess strain on the lateral
aspect of the knee (Strauss et al., 2011, McNicol et al., 1981), and downhill running has
been reported to decrease the knee flexion and increase the knee joint force around the
impingement zone and has therefore been reported as a risk factor for ITBS (Orchard et

al., 1996).

2.1.5 Clinical Assessment and Diagnosis of ITBS

The diagnosis of ITBS in runners is based on the history, signs, and presentation of
symptoms. Patients usually present with localised pain to the lateral aspect of the knee
in the early stage, especially in the region of the distal ITB between the LFE and its
insertion on the Gerdy tubercle. There is often an onset of symptoms during repetitive
flexion-extension exercises such as running and cycling. In the worst cases the symptoms
may also present at rest, but it is more common after running distances such as 5-20

kilometres or when running downhill (Strauss et al., 2011, Khaund and Flynn, 2005).

Assessments for the presence of ITBS have used several tests including the Noble’s
compression test and Ober’s test (Fredericson and Wolf, 2005, Noehren et al., 2007,
Foch et al., 2015, Ferber et al., 2010b). The Noble’s or Noble’s compression test was

developed by Clive Noble and is used to confirm the presence of ITBS (Noble, 1979). To
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perform this test, the patient lies either supine or on their non-injured side or they can
stand (modified). The patient then bends their knees 90 degrees whilst the therapist
applies pressure to the lateral epicondyle or 1 to 2 cm proximally, the patient then slowly
extends their knees. A positive test is confirmed if the patient is in pain at 30 degrees of
knee flexion over the lateral epicondyle, and this pain is the same as they experience
when running (Noble, 1979). This impingement zone of the ITB at 30 degrees of knee
flexion was first reported by Orchard et al. (1996) and later described by Fairclough et
al. (2006).

The Ober’s test is a common test used in ITBS which assesses the tightness of the ITB
and TFL muscle (Kendall et al., 2005). In addition, this test can be used in research by
using an inclinometer for measurement which improves the intra-rater reliability. Reese
and Bandy (2003) studied the intra-rater reliability of the Ober test and the modified
Ober test for the assessment of ITB flexibility using an inclinometer to measure the hip
adduction angle in sixty-one participants. The result showed that there were high
intraclass correlation coefficient (ICC) values for the intra-rater reliability, with 0.90 for

the Ober test and 0.91 for the modified Ober test.

There are potentially different diagnoses for other lateral knee pain pathologies which
should be considered due to the many structures around the lateral aspect of the knee
joint, and these could result in misdiagnosis by the therapist. Therapists should
therefore consider other lateral knee pain problems such as lateral meniscus tears,
lateral retinaculum, popliteus and bicep femoris tendinopathy, and myofascial pain,
degenerative joint disease, patellofemoral pain (PFP), referred pain from lumbar spine,
stress fractures, superior tibiofibular joint sprain and lateral collateral ligament sprain
(Grau et al.,, 2011, Khaund and Flynn, 2005, Taunton et al., 2002a). Therefore,
differential diagnosis of ITBS from other lateral knee pain presentations is important and

can help therapist in the management of these conditions.
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2.1.6 Management of ITBS

There are several treatments that are recommended for ITBS which include both non-
surgical and surgical options. Non-surgical management has been shown to be effective
in athletes returning to sport within six to eight weeks with no long-term sequelae at a
rate between 81% and 100% (Lavine, 2010, Bolia et al., 2020). However, surgery was
recommended after non-surgical techniques had been explored in individuals who still
experience pain and functional limitations. Individuals who have not responded to non-
surgical management for more than six months, would potentially benefit from surgery
(Strauss et al., 2011, Bolia et al., 2020). However, this thesis focuses on a particular non-
surgical option, therefore, this section of the literature review will concentrate on the

non-surgical management of ITBS.

Non-surgical management is usually the primary treatment for ITBS (Lavine, 2010, Baker
and Fredericson, 2016). Physical therapy is important in the management of ITBS. This
not only uses physical therapy modalities, but also manual therapy and exercise
interventions which are often combined to try and achieve successful rehabilitation
outcomes. Various treatments of manual and exercise therapy have been suggested for
ITBS including manual mobilization to the ankle and foot, and patella alignment may also
contribute to lengthening the ITB and alleviate symptoms (Strauss et al., 2011). In
addition, massage therapy and foam roller treatments have been reported to help
patients for myofascial release and reduction of soft-tissue adhesions in the ITB
(Winslow, 2014). In addition, the Gmed, Gmax, quadriceps, and core muscles strength
training exercises have been suggested as preventive treatments for ITBS as well as
stretching of the hamstrings, quadriceps, adductors, ITB, and external rotators of the
thigh (Menetrey and Fritschy, 1999, Kvist and Jarvinen, 1982, Strauss et al., 2011, Baker
and Fredericson, 2016). Furthermore, improvements in neuromuscular control have
been reported to enhance movement patterns during eccentric muscle contractions and
functional movement patterns in the treatment of ITBS (Fredericson and Weir, 2006,

Fredericson and Wolf, 2005).

The treatment depends on the severity and whether the patient is in the acute

(inflammatory phase, 3 days—1 week), subacute (3 days—2 weeks), or recovery phase
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(more that 2 weeks). The main goal of treatment in the acute phase is a controlling of
inflammation and pain relief. If patients have inflammation, ice and anti-inflammatory
medications can be used to relieve symptoms. In addition, treatment modalities
including therapeutic ultrasound, laser, phonophoresis, electrical stimulation,
iontophoresis, and transcutaneous nerve stimulation have been used to alleviate pain,
restore normal muscle tone and decrease inflammation (Fredericson et al., 2000, Baker

and Fredericson, 2016).

Patient education and activity modification have been reported to be the most
important treatments for ITBS (Fredericson and Weir, 2006), with rest from the
provocative activity until the pain has resolved often being suggested (Fredericson and
Wolf, 2005). In addition, the therapist should suggest other activities that do not
aggravate the pain such as swimming, yoga or walking to allow patients to maintain

physical fitness (Fredericson et al., 2000, Baker and Fredericson, 2016).

Some patients who have moderate or severe pain are often prescribed oral nonsteroidal
anti-inflammatory drugs (NSAIDs), and/or corticosteroid injections which can reduce the
acute inflammatory response and can reduce pain levels in ITBS (Gunter and Schwellnus,
2004). However, it has been reported that NSAIDs alone are ineffective in relieving the
symptoms of ITBS, although NSAIDs when combined with other non-surgical modalities

can be beneficial in short-term treatment (1-7 days) (Ellis et al., 2007).

In the sub-acute phase, the main goal is still to reduce pain and inflammation, if patients
still have inflammation. However, if patients are pain free, stretching and soft tissue
mobilization to reduce myofascial adhesions is recommended (Fredericson and Wolf,
2005). One intervention for ITBS which has received some attention is stretching
exercises which have been recommended within rehabilitation programs (Baker et al.,
2011, Richard et al., 2009). Falvey et al. (2010) reported that stretching may have some
effects, and may help to reduce the tension within the ITB which inserts into the TFL.
Fredericson et al. (2000) used stretching of the TFL in the rehabilitation program in an
attempt to release the tension within the ITB. They stated that this could help patients
to reduce their symptoms by reducing the tension within the ITB, which in turn may help
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to reduce the friction between the ITB and the LFE and/or the Gerdy tubercle.
Fredericson et al. (2002) compared the relative effectiveness of three common standing
stretches for the ITB in healthy runners by estimating the ITB length/change in length
using a motion capture system. This study demonstrated that all three stretching
methods lead to a statistically significant lengthening of the ITB relative to baseline
measurements. However, this study estimated changes in length from angular changes
and did not directly measure ITB length. Therefore, this might not represent the real
changes in ITB length. Nevertheless, the stretching of the TFL and ITB is often considered
essential in ITBS rehabilitation programs (Fairclough et al., 2006) and may reduce the
friction between the ITB and the LFE during the flexion and extension of the knee joint

(Joshua, 2005), which may in turn reduce pain and inflammation.

Reductions in the tightness may lead to an increase in TFL flexibility (Fredericson et al.,
2002). This may change the biomechanics of running in individuals with ITBS producing
an increased hip external rotation. Although the increase of TFL flexibility can reduce
the tension in the ITB (Fredericson et al., 2002), successful rehabilitation may require
other treatments to correct running biomechanics for effective longer-term treatments
of runners with ITBS, one such treatment that has been considered is hip abductor

strengthening (Fredericson et al., 2000).

The last stage is the recovery phase, when the patient is efficient in performing the
stretching program without pain, strengthening is added to the rehabilitation program
(Lavine, 2010). In this phase, with muscle strengthening and return to sport being the
main goals. The strengthening of the Gmed and other muscles around the hip joint are

key, and individuals should be pain free (Fredericson et al., 2000).

The Gmed exercise is a common exercise in ITBS rehabilitation that can help to decrease
pain and improve the clinical symptoms of ITBS. Several studies support increasing
Gmed strength to alleviate the symptoms for individuals with ITBS (Fredericson et al.,
2000, Beers et al., 2008). Beers et al. (2008) reported that there was a significant
difference in hip abductor strength between the affected and unaffected leg before
starting a rehabilitation program. This difference in hip abductor strength between the
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affected and unaffected leg was reduced after hip abductor strengthening in a six-week
rehabilitation program in nine individuals with ITBS. However, the strengthening
exercise of Gmed should be applied appropriately without pain according to the stage
of rehabilitation with the emphasis of improving triplane motion and integrated
functional movement patterns (Fredericson and Weir, 2006, Joshua, 2005).
Furthermore, rehabilitation programs should not only include Gmed strengthening but
also other techniques when considering runners with ITBS, as not all runners show a
clinical improvement in symptoms (Fredericson and Weir, 2006). Fredericson et al.
(2000) highlighted that following a six-week hip abductor strengthening program, 90%
(22 of 24 runners) of the ITBS runners were pain free and returned to running. After
rehabilitation, there was an increase in hip abductor torque of 34.9% in female and
51.4% in male runners with ITBS. After six-weeks of rehabilitation, 22 out of 24 of the
runners with ITBS were pain free during all exercises and were able to return to running,

and at 6-months follow-up there were no reports of any recurrence of ITBS.

Studies exists supporting the effect of Gmed strengthening on the biomechanics of
running in individuals with ITBS (Schreiber and Louw, 2011). Schreiber and Louw (2011)
investigated a six-week program of Gmed strengthening in runners with ITBS and found
that there was a decrease of hip adduction angle on the affected side at 30° of knee
flexion during heel strike. In contrast, Willy and Davis (2011) demonstrated that a
rehabilitation program which included hip strengthening and single leg squat (SLS)
progression training did not change the abnormal biomechanics of running but
improved only SLS movements. They suggested that hip strengthening and SLS
progression training alone cannot change the differences seen in running biomechanics

associated with ITBS.

Typically, the management of individuals with ITBS is to focus on specific stretching

exercises on the ITB, TFL, and the strengthening of the hip abductor muscles to prevent

excessive adduction and internal rotation of the hip (Baker and Fredericson, 2016, Baker

et al., 2018). However, several studies have shown that a combination of treatments is

more beneficial for runners with ITBS (Fredericson et al., 2000, Beers, 2008, Ferber et

al., 2010b). The combination of increasing flexibility of the TFL and the ITB with the
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strengthening of the hip abductors has been reported to be the best treatment for ITBS.
Nevertheless, there are other risk factors that need to be considered including;
educating regarding running shoes, the correct running technique and progression of
running distances. For example, changing running shoes every 300-500 miles of use is
recommended (Barber and Sutker, 1992), and total mileage should not be increased by

more than 10% per week (David and Peter, 1994).

2.1.6.1 Summary of management

There are many treatments for ITBS such as increasing flexibility of the TFL and the ITB,
strengthening of the hip abductors. However, other impairments such as malalignment
of the foot or the knee have been reported through physical examination, which may
still need to be addressed. Many risk factors have been reported to contribute to ITBS;
including worn-out running shoes, training program errors, rapid increase the running
distance or high frequently a week, and running on an irregular surface (David and Peter,
1994). Therefore, clinical examination is key to determine the impairments so that the
correct treatment approach can be provided. One such treatment that has been

suggested to change alignment and improve symptoms during running is taping.

2.2 Taping

2.2.1 Rigid (athletic) taping

Rigid taping is a non-elastic tape and is primarily used to support injured structures and
limit potentially harmful ROM. This is purported to enhance repair and recovery,
allowing pain-free functional movement, resumption of activities, control of swelling,
and pain reduction (Hewetson et al., 2010). Taping can be applied to any part of the
body which depends on the objective, whilst still allowing the individual to participate
in the athletic activity (Cupler et al., 2020). There are various methods of rigid taping
that are available such as McConnell and Mulligan. Each of these taping techniques has

been associated with specific therapeutic mechanisms.

McConnell taping (MCT) is a rigid tape technique aim to create a mechanical realignment

of the patella in the intertrochlear groove in one specific direction so that the patella
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bone can move freely without contacting other parts of the femur during knee
movement, and thus decreasing pain (Campolo et al., 2013, Callaghan et al., 2008),
Figure 2-5. MCT has been reported to reduce anterior knee pain, regulate the pulling
force of the patella in the mediolateral direction, improve knee joint alignment and
facilitate the vastus medialis (VM) (Campolo et al., 2013). In addition, a significant
increase in knee proprioception has been reported when using MCT in people with poor
proprioceptive ability in both healthy individuals (Callaghan et al., 2002), and patients
with PFP (Callaghan et al., 2008).

Figure 2-5 McConnell Taping Technique Application (Campolo et al., 2013).

Mulligan taping (MT) is a rigid strap method applied in a spiral line around the knee
without contacting the patella (Hing et al., 2020), Figure 2-6. This method has been
theorized to indirect alter patellar tracking by increasing the tibia internal rotation
relative to the femur or by externally rotating the femur during weightbearing (Mackay
et al., 2020). MT is used as a supplement to the Mulligan mobilization with movement,
which is a manual technique applying force to a joint and sustained in a specific pain
free direction in order to allow painless motion of a previously painful joint (Logan et al.,
2017). After applying the Mulligan mobilization, the MT is applied in the same direction.
It is believed that this will extend the usefulness of mobilization with movement after

the end of the treatment session (Hopper et al., 2009).
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Figure 2-6 Mulligan taping (Mackay et al., 2020).

2.2.2 Kinesio Taping (KT)

Kinesio Taping (KT) was developed in the 1970‘s by Dr. Kenzo Kase, a chiropractor and
acupuncturist. This is an elastic therapeutic tape, commonly known by the brand names
which include; Kinesio Tex tape, Kinesiology Tape, Rock tape, SpiderTech, and many
more. KT has become popular in the treatment of musculoskeletal and neurological
conditions, as well as paediatric patients and athletes in various sports (Kase et al.,
2003). The common characteristics of KT include a waterproof hypoallergenic porous

cotton fibre strip with a medical-grade acrylic adhesive (Williams et al., 2012).

The main difference between rigid athletic tape and KT tape is the elasticity, with KT
taping being able to be stretched to 140% of its original length (Kase et al., 2003). Various
effects of KT have been reported including; increasing local blood flow (Woodward et
al., 2015, Liu et al., 2020), reducing local edema (Donec and Kris¢itinas, 2014), reductions
in pain (Lee et al., 2016, Anandkumar et al., 2014), increasing joint ROM and flexibility
(Farquharson and Greig, 2015, Lee et al., 2016, Yoshida and Kahanov, 2007), improve
strength and stability (Kim et al., 2015, Anandkumar et al., 2014), and improvements in
joint position sense (Seo et al., 2016). Additional characteristics of KT include properties

that are intended to imitate human skin (Firth et al., 2010). Moreover, the thickness of
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KT is nearly the same as the epidermis of the skin which can help to avoid too much

sensory stimuli when applied on the skin (Firth et al., 2010).

The repetitive nature of running requires a minimal restriction; therefore, KT appears to
be useful when considering running due to its ability to stretch. Since the main
mechanism of ITBS has been identified as the tightness of TFL and ITB, and greater hip
adduction and hip internal rotation, it would be logical to consider KT from this
perspective, which has been reported to correct the abnormal biomechanics, decrease
tightness and pain through the stimulation of the mechanoreceptors within the skin
(Song et al., 2015, Song et al., 2017). Figure 2-7 presents the known mechanisms of

injury in runners with ITBS and the theorised changes associated with KT application.
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Figure 2-7 The mechanisms of injury which have been associated with runners with ITBS and the potential benefits of KT.
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There are many techniques of KT which can be applied depending on the clinical
examination and assessment of therapists. Firstly, muscle inhibition technique, this
technique used for decreasing muscle spasms or muscle hyper tone or overused muscles
by applying KT from the insertion to the origin of the muscle. It has been suggested that
KT’s recoil effect may induce motor neuron inhibition by stretching the Golgi tendon
organ located at the distal ends of the muscles (Yeung and Yeung, 2016). This technique
may be helpful in decreasing the tension or tightness and associated pain in the TFL and
ITB which is present in people with ITBS. This is supported by Davison et al. (2016) who
considered the use of an inhibitory technique using KT and reported that the majority
of participants had a reduction in average gastrocnemius muscle activity during a single
leg vertical jump after inhibition technique application. In addition, Oztiirk et al. (2016)
investigated inhibitory KT technique in patients with active upper trapezius myofascial
and KT exhibited statistically significant improvements in pain and upper trapezius
muscle strength. Secondly, a muscle facilitation technique has also been reported in the
literature to manage muscle weakness or hypotonia by applying KT from the origin to

the insertion of the muscle (Rajasekar et al., 2018).

The effect of both muscle inhibition and facilitation KT on muscle strength has also been
explored. Rajasekar et al. (2018) used a facilitation technique directly to the Gmed and
found this was able to correct exaggerated dynamic knee valgum and improve hip
abductor strength. In addition, Stupik et al. (2007) investigated the effect of KT on
changes in the tone of the VM muscle during isometric contractions. The result showed
that there was an increase VM muscle activity after 24 hours of KT use, and this effect
was maintained for 48 hours following removal of the tape. There was a decrease in
muscle tone to the baseline value, which was observed during the fourth day with the
KT applied. They indicated that this may have resulted from the time of the application
of KT being shorter than previously believed. However, previous research in healthy
participants has also showed no significant changes in maximal quadriceps strength
immediately after application of inhibition, facilitation, or sham KT (Vercelli et al., 2012).
Poon et al. (2015) also showed no significant differences in quadriceps peak torque
between facilitative KT, sham KT, and NT taping and concluded that KT did not facilitate
muscle performance. Yam et al. (2019) performed a meta-analysis on the effects of KT

on lower limb muscle strength and functional performance during single leg hop and
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vertical jump height. They concluded that KT can improve lower limb muscle strength in
people with musculoskeletal disorders, but the use of KT in healthy populations was not
supported. The variations in the findings highlight that both the muscle inhibition and
facilitation techniques require more research, especially when considering different

patient groups.

The mechanisms of KT also include the mechanical technique which aims to provide a
correction through positional stimulation through mechanoreceptors in order to adjust
posture. This technique aims to inhibit pathological movements, activate muscles and
maintain an active ROM (Han et al., 2015, Lyman et al., 2017). This technique is similar
to the functional correction technique that is used to assist or restrict movement by
stimulating the sensory system. This can help to improve the direction of movement
(Song et al., 2015, Song et al., 2017), and has been reported to increase hip external
rotation and abduction angles which can help to correct abnormal running biomechanics

in people with ITBS(Mackay et al., 2020).

The space correction KT technique was claimed that has a lifting effect to reduce
pressure, resulting in a reduction of pressure between the ITB and lateral femoral
epicondyle, and lead to decrease pain associated with the ITB insertion at the LFE in
people with ITBS (Kase et al., 2003). Previous studied have shown that the space
correction technique can increase the patellofemoral joint space in healthy adults, when
assessed using diagnostic ultrasound to measure; the patellofemoral joint space, the
skin and the superficial patella distance, and the skin and the patellar tendon distance
(Lyman et al., 2017). Lyman et al. (2017) found an increase in the distance between the
patella and the medial femoral condyle, but saw no increases in the distance from the

skin to the superficial aspect of the patella nor to the patellar tendon.

There are several reported physiological effects of KT which include the stimulation of
the cutaneous afferent and motor nerves which are part of the somatic nervous system,
and the stimulation of peripheral nerves has been shown to stimulate excitability in the
motor cortex (Ridding et al., 2000). Therefore, a tactile proprioceptive input through the
stimulation of cutaneous mechanoreceptors may be able to enhance the muscle

performance through changes in motor unit recruitment controlled by the motor cortex
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(Pamuk and Yucesoy, 2015). When using KT over a long period, stimulation of cutaneous
receptors may become saturated over time and therefore any enhanced proprioception
may gradually diminish due to the skin’s adaptation to the stimulation provided (Lee and
Lee, 2015), therefore in order to provide effective skin stimulation the therapist may

require to reapply the KT with the appropriate amount of tension (Kim and Lee, 2015).

Any pain reductions resulting from KT application may be associated with gate control
theory. Gate control theory of pain was first proposed by (Melzack and Wall, 1965) to
explain how the stimulation of non-painful sensations such as touch, pressure, and
vibration can help to reduce pain sensation. Pain comes from the stimulation of afferent
input of nociceptors and travels to the brain through small sensory nerve fibres. In
contrast, non-painful sensations are transmitted to the brain through large sensory
nerve fibres. The gate control theory describes the reduction of pain as a closed gate
due to the transmission of non-painful sensations, whilst an open gate has been
described as the transmission of painful sensations (Moayedi and Davis, 2013). When
there is more activation of the large sensory nerve fibres associated with non-painful
sensations in comparison to small sensory nerve fibres associated with painful
sensations, this has been described as a closed gate as the large sensory nerve fibres can
help to block or diminish the pain signals from the small sensory nerve fibres (Coffey and

Mahon, 1982).

When considering KT, it is plausible to suggest that the KT application can ‘pull’ the skin,
which can induce the “closing of the gate” and may possibly provide pain relief. It has
been suggested that KT over the skin stimulates the mechanoreceptors of the skin and
may help to reduce pain by increasing afferent feedback through the large sensory nerve
fibres to the central nervous system which may reduce the afferent feedback of pain
transmitted by small sensory nerve fibres (Thelen et al., 2008, Pamuk and Yucesoy,
2015). However, previous studies have not been able to confirm if KT can provide
effective pain reduction according to gate control theory (Kakar et al., 2020, Song et al.,

2017, Park et al., 2019).
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2.2.3 Taping and ITBS

There have been a number of studies that have examined the effect of taping on knee
and hip biomechanics, muscle activity, and clinical outcome measures. However, there
are limited studies that have examined the effect of taping in individuals with ITBS.
Hickey et al. (2016) determined whether MT technique alters the level of knee pain and
changes the lower limb biomechanics during SLS in adult females with PFP. They found
that MT was able to reduce knee pain and peak hip internal rotation, resulting in early
activation of the Gmed compared to the NT condition. Similarly, Mackay et al. (2020)
considered KT and rigid tape using MT in female patients with PFP. They reported that
both rigid tape and KT significantly reduced pain during a pain provocative task; running
and SLS when compared to the NT condition. However, KT was perceived to be more
comfortable than rigid tape. In addition, both rigid and KT showed an increase in the
knee internal rotation angle at initial contact during the running task and at the onset of
knee flexion during the SLS task, and greater peak knee internal rotation during both the
running and SLS tasks. Therefore, from this study, both rigid and KT taping methods were
shown to reduce pain and change lower limb biomechanics, but KT may be chosen

clinically for comfort reasons.

Other rigid taping techniques have been shown to change hip movement. Masters et al.
(2018) used a hip taping technique that consisted of an abduction component of rigid
tape and with an additional external rotation component of rigid tape, with the purpose
of mechanically restricting hip adduction and internal rotation movement. They
compared the hip taping technique to sham tape and NT in female runners who had
excessive functional knee valgus on hip and knee kinematics. The results showed that
hip taping significantly reduced the hip adduction and internal rotation angles in stance
phase compared to sham tape and NT. Furthermore, hip taping significantly increased
knee adduction, internal rotation, flexion, and reduced peak knee flexion angles,
compared to NT. Therefore, hip taping appears to be able to help functional knee valgus
correction and reduce excessive hip motion and also improve knee kinematics in the

frontal and transverse planes.

Song et al. (2017) investigated the effects of femoral rotational KT taping on task

performance, dynamic postural control, and pain during the Star Excursion Balance Test
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in patients with PFP compared to healthy controls. They applied a piece of I-shaped KT
anchoring at the inferior-medial aspect of the thigh and used a standardized rotational
pulling force with a 20% to 25% stretch of tape on the thigh. The result showed that
femoral rotational taping increased the maximum excursion distance, decreased hip
adduction excursion and reduced pain in the PFP group. Therefore, femoral rotational
taping could be used in the management of young female patients with PFP. This is
similar to the findings of Song et al. (2015) who explored the effects of femoral rotational
KT on the hip and knee joint kinematics, muscle activation, and pain between
participants with PFP and a control group during SLS. The result showed that both
femoral rotational and sham taping applications reduced the pain in the PFP group. In
addition, femoral rotational tape significantly shifted the patella into a more posterior
and distal position in the PFP group compared with NT or sham tape. However, there

was no significant difference for muscle activity for Gmax, Gmed, and rectus femoris.

Although the studies by Song et al used femoral rotational KT tape, they use only one
technique with one line of KT. However, they did not study in running biomechanics that
maybe need more one technique or one line of KT to encourage to change the running
biomechanics. Guner et al. (2015) compared the effects of KT with facilitation and
inhibition techniques on knee kinematics and kinetics during walking in healthy
participants. The results showed that both KT techniques had no effect on the knee joint
ROM in the sagittal plane. The facilitation KT did show a significant decrease in knee
external flexion moments during the early stance phase and an increase in the knee
external extension moment during the mid-stance phase. In addition, the inhibition KT
showing an increase in knee external flexion moment. They concluded that the
facilitation KT technique can influence the terminal stance phase of walking and
inhibition KT technique can influence the terminal swing phase when compared to a NT.
Rajasekar et al. (2018) determined whether KT over Gmed can correct exaggerated
dynamic knee valgum and improve hip abductor strength when compared to sham KT.
Athletes with dynamic knee valgum performed a drop jump test and the Donnatelli Drop
Leg Test. This showed that immediately after the application of KT, dynamic knee valgum
significantly reduced dynamic knee valgum but this was not maintained to the third day.
In addition, there was a significant increase in Donnatelli Drop Leg Test, which is a

measurement of Gmed strength, immediately and on the third day of wearing KT. This
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indicates that Gmed strength is increased immediately in the KT group and was

maintained to the third day.

Some studies have reported no significant differences in lower limb biomechanics when
using KT. Howe et al. (2015) compared the effects of MT and KT with NT on hip and knee
kinematics and kinetics during running in female healthy recreational runners. The result
showed that there was no difference between MT, KT and NT for hip and knee angles.
However, there was an overall main effect of tape on peak hip and knee moments during
running. The pairwise comparisons showed that MT produced a significantly lower knee
extensor moment compared with KT and no tape, and MT reduced the hip flexor
moment and hip extension moment when compared with KT and no tape. No significant
differences were seen for peak hip and knee kinematics and kinetics between KT and
NT. Similarly, Hendry et al. (2015) investigated the effects of KT, MT and NT on knee and
hip kinetics during three landing positions in ballet dancers. They found a significant
reduction in peak posterior knee shear forces, and hip peak posterior, medial, and lateral
shear forces in the MT condition compared with NT when landing in the “first position”.
Therefore, MT appears to support the knee and hips, but the KT does not seem to

change the joint stability.

Although there is evidence that MT using rigid tape helps joint stability, consideration
around the practical use of MT especially during running is needed. KT has been
reported to be more comfortable than MT applied with rigid tape (Mackay et al., 2020).
Mackay et al. (2020) investigated female patients with PFP who performed a self-
selected pain provocative task, a SLS and a running task, while wearing MT applied with
rigid and KT tape with a 100% stretch. KT and rigid tape both showed a significant
increase in hip external rotation angle at initial contact during running and a decreased
transverse hip ROM compared to NT. In addition, both rigid and KT showed a good level
of perceived comfort, but KT was significantly more comfortable than rigid tape. It has
been suggested that the greater comfort observed when wearing KT is due to its
mechanical properties (Tunakova et al., 2017). Rigid tape is created with a strong rayon
backing and a rubber zinc oxide adhesive, while KT is an elastic adhesive tape which is a
highly elastic cotton woven fabric (Tunakova et al., 2017, Masters et al., 2018).

Furthermore, stretchy cotton materials are known to work ideally with the skin's natural
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elasticity, therefore, KT has been associated with fewer skin allergies than rigid tape
(Song et al., 2015). When considering the amount of stretch, Mackay et al. (2020) used
KT at 100% of stretch but the general clinical guideline of KT is to use less stretch to
reduce any irritation on the skin, especially during running (Andryskova and Lee, 2020).
In addition, there was little evidence to support the efficacy and effectiveness of

different application tensions of KT tape.

To the author’s knowledge, there is a lack of research on the effect of KT on the
biomechanics in runners with ITBS. However, Kase previously proposed the use of KT for
ITBS using a combination of techniques including inhibition, mechanical correction with
tension, and space correction (Kase et al., 2003). Kase claimed that these techniques will
assist in inflammation reduction and decreased tension in the ITB. Moreover, other
techniques were suggested for ITBS including fascia correction or combination of fascia
correction and muscle inhibition, however all these techniques are largely anecdotal

with little data to support their use or details of the application tension used.

2.3 Clinical Outcome Measures

To determine clinical importance or clinical significant, there are two terms involved;
the minimum clinically important change (MCIC) and the minimum clinically important
difference (MCID) (Togo et al., 2011). MCIC is defined in this thesis as the threshold when
change from baseline (pre-tape) is considered as clinical meaningful within group of
participants with ITBS following a treatment intervention. MCID is defined in this thesis
as the threshold when a minimum difference in score between two treatment

intervention groups as clinical meaningful (Togo et al., 2011).

2.3.1 Numeric Pain Rating Scale (NPRS)

The NPRS is one of the most commonly used pain scales which was designed to help
assess the extent of pain an individual is experiencing, and to improve communication
regarding pain with clinicians. The most common NPRS scale used is an 11-point scale
from 0-10 with 0 equalling no pain and 10 equalling the worst pain possible. The scale
typically uses a horizontal line and can be administered in written or verbal form. The

patient is asked about the intensity of the pain experienced and a particular time frame
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or descriptor is established. Furthermore, in a systematic literature review by Hjermstad
et al. (2011), they concluded that a NPRS is an applicable measure of pain intensity in

almost all settings.

The NPRS has been shown to have high correlations with other pain assessment tools in
several studies (Jensen et al., 1986, Kremer et al., 1981). The NPRS had moderate to high
test-retest reliability, varying from 0.67 to 0.96 (Kahl and Cleland, 2005) and had a
convergent validity when correlated with the Visual Analogue Scale (VAS), which ranged
from 0.79 to 0.95 (Good et al., 2001). In clinical trials the NPRS has been demonstrated
to be more reliable than the VAS (Ferraz et al., 1990). A two-point reduction in NPRS has
been reported as a MCIC in chronic pain patients (Farrar et al., 2001). In addition,
Michener et al. (2011) reported a 2-pointMCID for NPRS in patients with shoulder pain.
Similarly, Childs et al (2005) used NPRS in low back pain patients, they explored the
resulting changes in NPRS scores, which were compared to patient improvements in
pain after physical therapy using a 15-point Global Rating of Change scale. They
concluded that clinicians can be confident that a 2-point change on the NPRS represents

a clinically meaningful change (Childs et al., 2005).

2.3.2  Knee Injury and Osteoarthritis Outcome Score (KOQS)

There are many questionnaires that can be used to assess knee pain or injury including
the Oxford Knee Score, Lower Extremity Functional Scale, Western Ontario and
McMaster Universities Arthritis Index, and The Knee injury and Osteoarthritis Outcome
Score (KOQS). The choice of questionnaire depends on the purpose and design of the

study.

The KOOS questionnaire was developed in the 1990s as an instrument to assess patients’
perceptions of their knee pain for both short- and long-term assessment following knee
injury. The KOOS is patient-administered, the format is user-friendly and it takes about
10 minutes to complete. There are five separate domains scored from 42 question
items: pain (9 items), symptoms (7 items), activities of daily living (ADL) (17 items),
function in Sport and Recreation (5 items), and knee-related quality of life (4 items)
(Roos and Lohmander, 2003). The KOOS questionnaire uses Likert scales in all items

which have five answers from 0 (No problems) to 4 (Extreme problems) and the sum of
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the items included is computed with each of the five scores. A normalised score, 100
representing no symptoms and zero representing extreme knee problems, is calculated
for each subscale. KOOS subscale scores can be accumulated and averaged as the
primary outcome. The five individual KOOS subscale scores can be used as a secondary

outcome for clinical interpretation.

KOOS is a popular questionnaire tool for knee injury. Khadavi et al. (2015) showed the
reduction in the knee pain parameters of the KOOS when applying knee bracing. Sinclair
(2016) investigated the effects of a 10-week foot strike transition in habitual rearfoot
runners with PFP and found improvements in the pain, sport, function and daily living
KOOS subscales. Sinclair et al. (2016) used KOOS to assess a knee brace intervention on
self-reported knee pain in recreational athletes. The MCIC is now recommended to be
8-10 points out of 100. However, the current understanding is that MCIC is related on
factors such as patient group, intervention, and time to follow-up. This thesis used the
Thai version of KOOS which has been shown to have a high reliability (ICC = 0.78-0.82)
for the pain and activity daily living domains and acceptable reliability (ICC = 0.71-0.72)
for the sport and recreation and quality of life domains, while for symptoms a lower but
still acceptable ICC = 0.45 has been reported. Cronbach’s alpha for internal consistency
reliability from all domains was 0.9. The Thai version of KOOS has been previously used
in a clinical study as a self-reported functional outcome after a 4-week home-based
exercise program in people with knee OA (Chaipinyo and Karoonsupcharoen, 2009). It
has also been used to assess the functional outcome after autologous chondrocytes
implantation for traumatic cartilage defects of the knee (Kasemkijwattana et al., 2009b,

Kasemkijwattana et al., 2009a).

2.3.3 Tampa Scale for Kinesiophobia (TSK)

Kinesiophobia is defined as an irrational and debilitating fear of physical movement and
as a result of a feeling of vulnerability to painful injury or reinjury after recovery (Kori,
1990). The phenomenon of post-injury has later also been described as fear of
movement/re-injury, and refers to an idea of having a vulnerable, easily harmed body,
and that movement may cause re-injury (Vlaeyen et al., 1995a). Kinesiophobia leads to
decreased motion and often perpetuates a cycle of pain and disuse that may result in a

chronic pain syndrome and decreased physical function, negatively affecting an
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individual’s quality of life, psychological and physical health (Vlaeyen et al., 1995b,
Lethem et al., 1983). After injury, athletes within one study reported a fear and
insecurity towards returning to the sport in which they experienced their injury (Heijne

et al., 2008).

The Tampa Scale of Kinesiophobia (TSK) was developed by Miller and colleagues in 1991
to assess the subjective rating of fear of movement. The TSK is now widely used to assess
the fear of movement in musculoskeletal injuries and pain for both chronic and acute
conditions (Miller et al., 1991) including low back pain and fibromyalgia (Roelofs et al.,
2004, Goubert et al., 2004), osteoarthritis (Heuts et al., 2004), traumatic neck pain
(Nederhand et al., 2004), burn pain (Willebrand et al., 2006), and sports injury (Kvist et
al., 2005).

The TSK is a 17-item self-rated questionnaire using a 4-point Likert scale regarding
specific situations, performance, the fear of re-injury and activity avoidance. In addition,
the TSK can be useful in measuring unhelpful feelings and beliefs about pain in
individuals with chronic pain. The range of scores of TSK are from 17 to 68, with higher
scores indicating greater amounts of kinesiophobia (Pool et al., 2009). The final TSK
score is formed by adding the points from all 17 items. A score of 37 or over is considered
as a high score, which indicates a high degree of kinesiophobia (Vlaeyen et al., 1995a),
while scores below that are considered as having a low degree of kinesiophobia. Huang
et al. (2019) studied the reproducibility, responsiveness and validation of the Japanese
version of TSK (TKS-J) in patients with ACL injuries and found that there were no floor or
ceiling effects in the TSK-J scale. The MCIC and MCID were 0.8 and 1.3, respectively, and
the smallest detectable change (SDC) in the TSK-J scale was 7.6 for individuals, and 1.2
for groups (Huang et al., 2019). However, some studies have reported the SDC of TSK
for patients with acute low back pain as 9 (Ostelo et al., 2007) and 8 for patients with
chronic back pain (Lining Bergsten et al., 2012). In the Finnish version of TSK, the test-
retest reliability (ICC) for the paper and computer versions were 0.887 and 0.877
respectively which are both excellent (Koho et al., 2014). There was a predictive validity
in the moderate correlation coefficient with a physical performance test (Roelofs et al.,
2004) with a moderate concurrent validity, ranging from r(s) =0.33 to 0.59 (Swinkels-

Meewisse et al., 2003). The Thai version of TSK has been reported to be easily
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understood and completed within six minutes. The Thai version of TSK has been
reported to show a good internal consistency (a = 0.90) and high test-retest reliability
(ICC=0.934). Additionally, there were high correlations and convergent validity with the
VAS, Western Ontario and McMaster Universities Osteoarthritis Index, and State-Trait
Anxiety Inventory (r = 0.741, 0.856, and 0.817), respectively (Areeudomwong and
Buttagat, 2017).

TSK has been used as a questionnaire to assess taping in various studies. Alahmari et al.
(2020) showed no significant differences in immediate and short-term effects between
dynamic taping (one band of elastic tape) and KT in kinesiophobia. Kurt et al. (2016) used
the TSK to evaluate the short-term effects of KT in patients with PFP and found

significant improvements in TSK in the KT group compared to placebo KT group.

Harput et al. (2016) investigated the effects of a knee brace and KT on functional
performance and self-reported function in individuals six months after anterior cruciate
ligament reconstructed who desired to return to their pre-injury activity levels. They
concluded that both knee brace and KT have a positive effect on individuals after
anterior cruciate ligament reconstructed and may help to reduce the kinesiophobia
when returning to pre-injury activity levels, with the knee brace appearing to provide
the participants better knee function compared to KT. Castro-Sanchez et al. (2012)
investigated the effect of KT over the lumbar spine with chronic non-specific low back
pain compared to sham tape and found that TSK did not show any statistically significant

difference between the groups at one week or four weeks.

2.3.4 Global Rating Of Change (GROC) scale

The Global Rating of Change (GROC) scale provides a measure of self-perceived change
in health status. The main purpose of GROC is to allow patients or study participants to
indicate whether their condition has improved or deteriorated or stayed the same, and
to quantify the magnitude of that change over time (Jaeschke et al., 1989). GROC scales
are commonly used in both clinical practice and research settings as a clinical outcome
measure (Bobos et al., 2019). There are several different names for this scale (Kamper
et al., 2009), including; Global Perceived Effect Scale (Stewart et al., 2007), Transition

Ratings (Guyatt et al., 2002, Hillen et al., 2003), and Patient Global Impression of Change
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(Dworkin et al., 2005), but all these essentially measure the same thing. GROC scales
consist of ordered categories which may have different ranked point scale with 15-, 11-
and 7-point scales being most common, however 3- and 5-point scales have also been
reported, Table 2-1. The usual structure of GROC is the use of a middle ‘0’ score
corresponding to ‘no change’, with negative values representing magnitudes of

deterioration while positive values indicate improvement (Kamper et al., 2009).

Table 2-1 Previously reported GROC point scales.

GROC Range Study

3-point scales Bendig (1954), Jaeschke et al. (1989)

5-point scales Crossley et al. (2004), Collins et al. (2009), Monticone et al. (2018),
Monticone et al. (2015)

7-point scales Farrar et al. (2001), Bjorklund et al. (2017), Guzy et al. (2013),
Jorritsma et al. (2012), Ngo et al. (2010)

11-point scales | Costa et al. (2008), Stewart et al. (2007), Stewart et al. (2003),
Pengel et al. (2004), Ferreira et al. (2009), Watson et al. (2005),
Kamper et al. (2010)

15-point scales | Collins et al. (2009), Piva et al. (2009), Stratford et al. (1996), Burns
et al. (2011), Cleland et al. (2007), Jaeschke et al. (1989), Cleland et
al. (2006), Cleland et al. (2008), Cook et al. (2014), Farooq et al.
(2017), Shaheen et al. (2013)

While there is little compelling evidence of the optimal number of point scales of GROC,
a greater number of response categories have been reported to produce reliable and
stable results (Preston and Colman, 2000). A comparison of a 7-point and 15-point scales
found no significant difference in performance of the two scales in terms of their
responsiveness (Kamper et al., 2010), with the most commonly used being 15-point
scales. Bobos et al. (2019) performed a systematic review with meta-analysis and meta-
regression to explore the psychometric properties of the GROC scales in patients with
neck disorders by searching four databases (MEDLINE, EMBASE, CINAHL, SCOPUS) until
February 2019. The most commonly reported GROC scale was a 15-point scale for six

studies with the most frequent used ‘-7 (a very great deal worse) to 0 (about the same)
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to +7 (a very great deal better)’. A 7-point scale was reported in five studies, 11-point

and 5-point scales were reported in two studies and a 9-point scale in one study.

When considering the reliability and validity of GROC scales, the test-retest reliability of
GROC has been reported to be high (ICC = 0.9) (Costa et al., 2008), and showed a high
face validity between GROC and patient ratings of the importance of change (Pearson’s
r =0.90), ICC = 0.74 between clinician and patient-rated GROC (Watson et al., 2005). On
an 11-point GROC scale, a change of 2 points or more may be considered a clinically
meaningful change (Kamper et al., 2009). For a 15 point (-7 to +7) scale, Stratford et al.
(1994), reported MCIC was 5; an important improvement was +5 or more, with a
deterioration defined as —5 or less. This was based on a meaningful improvement or
deterioration based on a clinical observation of whether patients with lower change

scores continued to seek treatment.

2.4 Biomechanics and muscle activity measurements during running

Biomechanics and muscle activity measurements in running are key to help researchers
and therapists understand running injuries such as ITBS. In addition, this can help our
understanding of the risk factors and the different methods of injury management
(Harrast, 2020). Biomechanical and muscle activity measurements are important tools
that can be used to assess the efficacy of interventions, however there are important
factors that should be considered such as sampling frequency, marker sets, anatomical

models, and signal processing.

2.4.1 Kinematic measurements in the assessment of running injuries

Running analysis can use a single camera or multiple cameras for two or three-
dimensional movement analysis (Sorenson et al., 2015). Two-dimensional (2D) video
systems are portable, time and cost effective, and require little training (Munro et al.,
2012). In addition, video evaluations can be done within a clinical setting and the results
can be easily presented with the sagittal and frontal planes being the most commonly
examined. However, risk factors for knee injury can occur in the sagittal, frontal, and
transverse planes (Vannatta et al., 2020). In addition, one factor that must be considered

is that 2D kinematic measurement are unable to measure rotation movement such as
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hip external and internal rotation (Schurr et al., 2017). Therefore, laboratory three-
dimensional (3D) motion capture systems are considered the “gold standard” in the
assessment of biomechanical risk factors (Munro et al., 2012). These systems are reliable
for many functional tasks and can accurately determine multi-planar and multi-
dimensional kinematics (Nakagawa et al., 2014, Ford et al., 2007, Clansey et al., 2012,
Verheul et al., 2017), and provides an objective measure of multi-planar biomechanical
risk factors that can contribute to running injuries (Maykut et al., 2015). Previous work
has highlighted the clinical implications of the frontal and transverse plane kinematics
include hip adduction and abduction angles, hip internal and external rotation angles,
knee abduction and adduction angles, and knee internal and external rotation angles
with regards to rehabilitation and injury prevention in runners (Baker and Fredericson,

2016).

2.4.2 Kinetic measurements in the assessment of running injuries

Force measurements are essential for understanding human movement, and a common
laboratory-based approach is the use of force platforms in order to assess the external
forces generated by athletes. When an object or limb contacts the plate, a force is
applied to the plate and then a reaction force is applied to the object. The built-in force
transducer measures the force and can display it in three planes (vertical, anterior-
posterior, and medial-lateral). This can be used to calculate the resultant ground
reaction force and centre of pressure, which are used in the calculation of joint moments
in gait, jumping and other sport activities (Hood et al., 2012). Joint moments are typically
calculated using inverse dynamics from force plate data and marker position data
collected using a camera motion capture system (Chiari et al., 2005). Joint moments give
an indication of the loads on the tissues that move that joint, and have been identified
as a potential risk factor for injury (Vannatta et al., 2020), and should therefore be

included when considering running related injuries.

2.4.3 Methods of Measurement of Kinematics and Kinetics

When considering the methods of collection of kinematic and kinetic data the sampling
frequencies are an important consideration. The selection of sampling frequency

depends on several factors; Nyquist's theorem and the type of activity measured.
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Nyquist's theorem (Shannon and Weaver, 1949) stated that the sampling frequency
must be at least twice the measured highest frequency component in order to
accurately reconstruct the signal. Therefore, it is important to consider the type of
activity being recorded to determine the highest frequency component and the resulting

minimum frequency.

Shen et al. (2021) used an eight camera Vicon motion capture system sampling at 100
Hz to collect the running biomechanics data between runners who develop ITBS and
healthy runners. In addition, Yang et al. (2020) used a 10 camera Vicon motion capture
system with a sampling frequency of 100 Hz to collect running kinematics data including
hip, knee, and ankle joints before and after a 12 week gait retraining intervention.
Whereas Foch et al. (2015) used a nine camera Vicon motion capture system sampling
at 120 Hz to collect the lower extremity and trunk biomechanics data during running in
runners with current ITBS, previous ITBS, and a control group. Ferber et al. (2010b) used
a six camera Vicon motion analysis system for collecting kinematic data using a sampling
frequency of 120 Hz to examine the differences in running mechanics between runners
who had previously sustained ITBS and runners with no knee-related running injuries.
Similarly, Noehren et al. (2007) used a sampling frequency of 120 Hz to record
kinematics with a six camera motion analysis system to investigate the running
biomechanics of lower extremity injuries in female runners. In addition, Miller et al.
(2007) used an eight camera Peak Motus motion capture system with a sampling rate of
120 Hz to measure changes in lower limb mechanics during fatigue exercise in runners

with and without a history of ITBS.

Higher sampling frequencies have also been used to record kinematic data. Recently
Oliveira and Pirscoveanu (2021) used an eight camera Qualisys motion capture system
and collected kinematic data at 200 Hz in order to explore running biomechanics on a
20m running track. Similarly, Clansey et al. (2012) used a 12 camera motion capture
system with a sampling frequency of 200 Hz to collect running kinematic data in the
study of acute effects of progressive fatigue on running mechanics associated with tibial
stress fracture risk. Furthermore, Noehren et al. (2014) used a 15 camera motion
analysis system with a sampling frequency of 200 Hz to collect running biomechanics

data between male runners with ITBS and healthy controls. In addition, Mackay et al.
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(2020) used an 18 camera 3D Vicon motion analysis system with a sampling frequency
of 250 Hz to collect kinematic data to compare the efficacy of MT in adult female
patients with PFP during three tasks: an individualized pain provocative task, an SLS task,
and a running task. Similarly, Grau et al. (2011) used a six camera 3D Vicon motion
capture system with a sampling frequency of 250 Hz to assess differences in the
kinematic characteristics between a healthy control group and runners with ITBS.
Although a variety of sampling frequencies have been used there is no one single agreed
value for recording running kinematics, and Vanrenterghem et al. (2001) showed that

frequencies above 100 Hz were adequate.

After recording, filtering of the signals is an important process which is required to
remove noise and errors within the time series data. Kinematics data is typically filtered
using a low pass filter, often using a second or fourth order Butterworth filter with a
typical cut-off frequency of 6 or 7Hz for walking gait data (Racz and Kiss, 2021). Faster
activities, such as running, typically require a higher cut-off frequency of between 10
and 16Hz (Mackay et al., 2020, Miller et al., 2007, Hickey et al., 2016, Clansey et al.,
2012). Mackay et al. (2020) used a 16 Hz fourth-order, zero—phase shift Butterworth
digital low-pass filter for kinematics data during SLS and running tasks. Clansey et al.
(2012) used a 12 Hz fourth-order, zero—phase shift Butterworth digital low-pass filter for
kinematics data in the running task. Whereas Miller et al. (2007) used a fourth-order low
pass symmetric Butterworth filter with a cut-off frequency of 10 Hz when considering a
fatigue run in individuals with and without a history of ITBS. In addition, Hickey et al.
(2016) filtered their kinematic data using a zero-phase-shift, fourth-order, low-pass
Butterworth digital filter at 10 Hz when considering lower limb biomechanics during SLS
task, and some studies have used a cut-off frequency as low as 8 Hz for running (Noehren

et al., 2014, Noehren et al., 2007, Ferber et al., 2010b, Foch et al., 2015).

For kinetic measurements higher sampling frequencies have been suggested. Hori et al.
(2009) stated that 200 Hz was suitable for the measurement of various force-time
variables. However, other authors recommend that a sampling frequency of 500 Hz or
higher ensures greater accuracy, especially when impact is involved (Bartlett, 2007). A
common choice of sampling frequency for force plate analysis for human motion is 1000

Hz (Payton and Bartlett, 2007). Ferber et al. (2010b) used force plate data at a sampling
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frequency of 960 Hz for collecting lower limb joint moments data in runners who had
previously had ITBS and healthy runners. Similarly, Shen et al. (2021) used a force plate
sampling frequency of 1000 Hz for collecting data for hip abductor and knee external
rotation moments in runners who develop ITBS and healthy runners, whereas Foch et
al. (2015) used a sampling frequency of 1200 Hz for collecting the hip abductor moment
data during running in runners with current and previous ITBS and a healthy group. A
similar sampling frequency of 1080 Hz was used by Noehren et al. (2007) for exploring
peak rearfoot, inversion, knee external rotation and hip abduction moments in runners
with and without ITBS. However, some studies reported using a higher sampling
frequency of 2000 Hz, with Mackay et al. (2020) assessing the 3D ankle, knee, and hip
joint angles and moments during SLS and running tasks, while Logan et al. (2010)
collected ground reaction force data to compare between running shoes, racing flats,
and distance spikes in runners. As with kinematics there is no one single agreed value
for recording running kinetics, however a minimum sampling frequency of 500 Hz seems
to be a pragmatic balance between the volume of data and temporal measurement

precision.

Filtering is also required for kinetic data, and as with kinematic data low-pass filters are
essential to remove random noise (Kristianslund et al., 2012). There are various cut-off
frequencies reported in the literature for kinetic data. Some studies used the same cut-
off frequencies and the same filter techniques for both kinematic and kinetic data.
Mackay et al. (2020) used a fourth-order zero lag low-pass Butterworth filter with a cut-
off frequency of 16 Hz which was the same as the kinematic low-pass filter, whereas
Foch et al. (2015) used an 8 Hz cut-off frequency. However, higher cut-off frequencies
have been suggested. Noehren et al. (2007) used a fourth-order zero lag low-pass
Butterworth filter with a cut-off frequency of 50 Hz in the collection of running data
during stance phase in runner with and without ITBS. Similarly, Ferber et al. (2010b) and
Shen et al. (2021) who studied runners with ITBS also used a fourth-order zero-lag

Butterworth low-pass filter with a cut-off frequency of 50 Hz.

2.4.4 Measurement of Muscle Activity

Electromyography (EMG) signals are electrical signals associated with muscle

contractions and can be detected using EMG sensors either over or indwelling in the
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muscle. There are two types of EMG, surface EMG and intramuscular EMG (Chowdhury
et al., 2013). Surface EMG assesses muscle function by recording muscle activity by
attaching sensors to the skin over the muscles, whereas intramuscular EMG involves
either a needle or fine wire being positioned within the muscle. Surface EMG can be
recorded by a pair of electrodes or by a more complex arrangement of multiple
electrodes. EMG recordings show the potential difference (voltage difference) between
separate electrodes usually in a bipolar arrangement. The limitation of this approach is
that the surface electrodes are limited to superficial muscles, and the signals can vary
significantly depending on the patient's weight. However, specific electrode placements
and functional tests have been developed to minimize this risk, thus providing reliable

data (Wang et al., 2013).

There are many previous studies that have used EMG to determine muscle activity
during running (Willson et al., 2012, Willson et al.,, 2011, Souza and Powers, 2009).
Willson et al. (2012) evaluated differences in the onset time, activation duration, peak
muscle activity, and average muscle activity of the gluteal muscles, as well as hip and
knee joint frontal and transverse plane kinematics between male and female healthy
runners. They found that females were greater peak and average of Gmax muscle
activity than males, but there was no difference in the onset time, activation duration
between sexes. In addition, there was not differences in the onset time, activation
duration, peak and average of Gmed muscle between sexes. Willson et al. (2011)
compared the onset time, activation duration, peak muscle activity, and average muscle
activity of Gmax and Gmed muscle during running in female runners with and without
PFP. The result found that no differences in peak or average Gmed and Gmax muscle
activities between female runners with and without PFP. There were no differences in
Gmax muscle activity in the onset time or activation duration between females with and
without PFP, but females with PFP demonstrated delayed and shorter Gmed activation
than females without PFP during running. Similarly, Souza and Powers (2009)
determined average Gmax and Gmed muscle activity in female runners with and without
PFP. They found a greater in average Gmax muscle activity for females with PFP during
the step-down and running tasks, compared to the females without PFP, with no
significant was seen in the average Gmed muscle activity during the step-down and

running task.
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The Frequency content of SEMG signals can be up to 400 Hz (Basmajian, 1985). Based
on Nyquist sampling Theorem, the sampling frequency should not be less than twice the
maximum signal frequency. Therefore, sEMG signals should be sampled at a minimum
of 900 Hz to avoid aliasing of the signals. The majority of research using EMG has
sampled at 1000 Hz or higher and a sampling rate of 2000 Hz is often recommended
(Wang et al., 2013). Willson et al. (2012) used a sampling frequency of 1560 Hz for
collecting the onset time, activation duration, peak muscle activity, and average muscle
activity of gluteal muscle data in male and female healthy runners. Willson et al. (2011)
used a sampling frequency of 1080 Hz whereas Baker et al. (2018) used a sampling
frequency of 2000 Hz to compare average Gmax, Gmed, and TFL muscle activity in
runners with and without ITBS. Similarly, Brown et al. (2019) used a sampling frequency
of 2000 Hz for collecting the onset activation timing of the Gmed and TFL muscles during

overground running in runners with and without ITBS.

EMG data usually requires some signal processing before data extraction for analysis.
One source of noise is movement or motion artefacts which are caused by the
movement of the sensor on the skin, which are especially present during fast movement
such as jumping, running and fast movement sports. A high pass filter can be used to
remove motion artefacts. De Luca et al. (2010) provided evidence for the selection of a
20 Hz high-pass filter for sEMG in order to remove low frequency noise sources during
isometric contractions or muscle activity during normal movements. Additionally, they
stated that selecting a high pass filter frequency below 20 Hz is not recommended
because the energy in the sEMG is not stable and does not show a consistent
contribution to the sEMG signal. This is similar to the study of Hébert-Losier et al. (2019)
and Baker et al. (2018) who used a high-pass filter with a cut-off frequency of 20 Hz.
After high pass filtering the EMG signals are usually full wave rectified and then low-pass
filtered to provide an “enveloped” EMG signal. Low-pass filtering is often used to
provide a better representation of the time-varying EMG amplitude, and previous
studies have used a 15 Hz low-pass filter to envelope the EMG signal (Hébert-Losier et

al., 2019) and 6 Hz (Chuang and Acker, 2019, Willson et al., 2012).
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2.5 Reliability of biomechanical measurements

Repeated gait measurements can be used to evaluate the response to therapeutic
interventions such as surgery, physiotherapy, medication, and orthotics. Therefore, the
reliability of measures within the same day or day-to-day are important factors to be
considered in movement analysis (Alenezi et al., 2016) to ensures that the repeatability
and reproducibility of any measures is known when considering the effects of any
intervention. There are two main factors that may affect the reliability of measurements
in movement analysis, the variability that can occur in participants during repetitive
movements and measurement variability due to experimental and equipment
limitations (Leibbrandt and Louw, 2018). Measurement variability can occur from many
sources, including: bony landmark location, marker placement, marker movement due
to skin movement, inconsistent anthropometric measurements, and accuracy of the
motion analysis system itself (McGinley et al., 2009). Knowledge of the amount of such
variability can enable the researcher to minimise the risk of over-interpreting small
differences as meaningful, and can provide greater confidence in any treatment effects

that exceed the measurement error (Schwartz et al., 2004).

Between-trial variability during repetitive movement reflects the inherent variation
when comparing healthy participants to those with pathology. These variations cannot
be reduced; however, they provide a baseline measure of variability independent of
other sources of error (Schwartz et al., 2004). Within-day variability has been attributed
to measurement error, skin marker movement, and inherent physiological variability
during human locomotion (Ferber et al., 2002), whereas the main error for between-day
measurements is the reapplication of reflective markers (Della Croce et al., 2005). One
of the recognized problems is placement of markers on the skin, both in terms of the
day-to-day variability or comparisons between sessions within day. The placement of
anatomical markers is particularly important for reliability, as this forms the anatomical
coordinate system about which the angles are calculated. Small changes in marker
positioning can cause crosstalk between planes of motion, or create offset shifts in the
joint angle calculations (Ferber et al., 2002). Past research has reported that within-
session measurement variability of kinematics was generally less than between-day
variability (Steinwender et al., 2000, Carson et al., 2001, Ferber et al., 2002, Queen et

al., 2006, Doma et al., 2012, Mason et al., 2016). The day-to-day reproducibility of the
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kinematic and kinetic variables in the sagittal plane were more reproducible than those
in the coronal or transverse planes, which may be due to a greater susceptibility to slight

changes in marker placement (Queen et al., 2006).

Della Croce et al. (2005) found that when joint anatomy dictates movement primarily in
one plane such as the knee joint, variability in the rotations out of this plane are
increased by imprecise marker reapplication. This suggests that increased measurement
variability in the frontal and transverse plane in running might be highlighted by
incorrect reapplication of markers between days. Kadaba et al. (1989) used coefficients
of multiple correlations to compare the reproducibility of kinematic and kinetic
waveforms to explore within- and between-day repeatability during human walking.
Participants were assessed three times on each test day and on three different test days
while walking at their self-selected speed. The results showed intra-subject
reproducibility was excellent in the sagittal plane kinematics for both within-day tests
as well as between-day tests. For frontal and transverse plane kinematics, the
repeatability was good for the within-day tests and poor for the between-day tests. They
stated that poor between-day reproducibility of frontal and transverse kinematic data

was due in part to variability in marker placement.

The reliability or consistency of gait or running biomechanics can be assessed in various
ways. Typically, multiple walking trials are collected within a single session or at different
times. For example, Ferber et al. (2002) measured the reliability of kinematic data with
uninjured recreational runners when running at a speed of 3.65 m/s who then returned
one week later and were tested using the same procedure. The same tester attached
the markers on all participants and intraclass correlation coefficients were used for the
variables of interest to compare within- and between-day reliability. Ferber et al. (2002)
showed that the peak knee flexion, adduction and internal rotation angle showed a
standard error of measurement (SEM) of 1, 0.04, and 0.03 degrees, respectively, and the
ICC of within-day tests were 0.92, 0.98, and 0.98, respectively. In addition, the ICC of the
between-day tests for peak knee flexion, adduction and internal rotation angle were
0.93, 0.71, and 0.83, respectively. For hip kinematics, the SEM of within-day tests for
peak hip extension, adduction and internal rotation angle were 0.98, 0.32, and 0.35

degrees, respectively, and the ICC were 0.92, 0.98, and 0.98, respectively. Furthermore,
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the ICC of between-day tests for peak hip extension, adduction and internal rotation
angle were 0.88, 0.69, and 0.54, respectively. These results showed a high degree of
reliability for the within-day tests, which were more reliable than the between-day tests
in both hip and knee kinematic data. In addition, the kinematic sagittal plane values from
the between-day tests were more reliable than frontal and transverse plane values in

both hip and knee kinematic data.

Alenezi et al. (2016) assessed the within- and between-day reliability of lower limb
biomechanical data collected during running and 90 degrees sidestep cutting tasks.
Participants were tested twice during the first visit with a one-hour gap between
sessions to investigate within-day reliability. Then, participants were tested one week
later to assess the between-day reliability. The result showed the SEM of within-day
tests for peak hip flexion, adduction and internal rotation angle were 5.14, 1.99, and
2.46 degrees, respectively, and the ICC were 0.74, 0.75, and 0.76, respectively.
Furthermore, the ICC of between-day tests for peak hip flexion, adduction and internal
rotation angle were 0.65, 0.51, and 0.72, respectively. For knee kinematics, the peak
knee flexion, adduction, and internal rotation angle showed that the SEM of within-day
tests were 3.68, 0.98, and 2.84 degrees, respectively, and the ICC of within-day tests
were 0.63, 0.94, and 0.74, respectively. In addition, the ICC of between-day tests for
peak knee flexion, adduction and internal rotation angle were 0.67, 0.61, and 0.58,
respectively. These results showed a high degree of reliability in joint angle measures
for the within-day running tests, which were higher than the between-day tests in both
hip and knee kinematic data. Furthermore, there was a good reliability of within-day

tests for hip kinematics (ICC = 0.74-0.76) and knee kinematics (ICC = 0.63-0.94).

Leibbrandt and Louw (2018) investigated the test-retest reliability of hip, knee and ankle
kinematics in the sagittal, coronal and transverse planes in people with anterior knee
pain during gait. Participants performed six barefoot walking trials at a self-selected
speed and participants returned seven days later to repeat the testing procedure. This
interval was chosen because it is long enough to avoid memory bias from the first
occasion and short enough to avoid a change in gait due to variations in symptoms. The

results demonstrated that all variables had acceptable to excellent test-retest reliability,
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with the coronal plane hip and sagittal plane ankle parameters being the most reliable,

with the hip transverse plane parameters being the least reliable.

It is important to understand the magnitude of change that is attributed to repositioning
of markers especially when assessing a treatment effect or response over time (Ferber
et al., 2002). McGinley et al. (2009) suggested that in most common clinical situations
an error of 2° or less are highly likely to be considered acceptable, and an error of 2°-5°
is also likely to be considered as reasonable. It has been suggested that angular
deviations greater than 5° may be sufficient to mislead clinical analyses. To reduce the
marker position variability, a single, well trained investigator should apply all markers

on successive sessions whilst trying to not remove markers between sessions on the

same day (Ferber et al., 2002).

2.6 Summary

Ultimately, the guidelines for the management of ITBS are yet to be confirmed. Runners
with ITBS suffer from pain, and rehabilitation can take considerable time before a safe
return to running is possible. In many cases the chronic severe pain from ITBS prevents
athletes from running completely, which can affect the running careers of professional
athletes. Therefore, treatments that offer relief from symptoms so that runners can

continue training should be considered.

Kinesio tape is used in the treatment of ITBS and other presentations of knee pain, which
have been shown to offer some relief from symptoms, although the mechanisms for this
are still unclear. To date no study exists which has evaluated the effects of KT in runners
with ITBS. Therefore, the purpose of this study was to initially investigate the effects of
two methods of KT on biomechanical parameters in asymptomatic runners, and then to

explore the biomechanical and clinical effects on runners with ITBS.

55



2.7 Aims and objectives

2.7.1 Healthy Participants

The aim of this study was to investigate the immediate effects of KT on lower limb

kinematics, joint moments, and muscle activity, as well as perceived changes in comfort,

stability and running performance in UK and Thai healthy participants.

2.7.1.1 Objectives

To determine if the application of Kinesio tape with tension (KTT) and Kinesio
tape with no tension (KTNT) significantly alters three-dimensional joint
kinematics and moments of the lower limb in healthy participants compared to
no tape (NT).

To determine if muscle activity of the Gmax, Gmed, TFL, VM, and VL muscle are
altered with the application of KTT and KTNT in healthy participants compared
with NT.

To determine any perceived changes in the comfort, stability of the knee joint,

and benefits to running performance when using KT.

2.7.1.2 Hypotheses for the Healthy Participants

2.7.2

There will be a significant immediate increase in the hip external rotation angle
and decrease in the hip internal rotation and adduction angles and knee internal
rotation angle, decrease in the moments, and decrease in the TFL muscle activity
in the KTT condition compared to NT condition.

There will be no significant immediate change in the lower limb kinematics,
moments, and muscle activity in the KTNT condition compared to the NT
condition.

There will be perceived improvements in comfort, stability, and running

performance in the KTT condition compared to NT condition.

ITBS Participants

The aim of this study is to investigate the efficacy and effectiveness of the application of

KT in the short-term management of ITBS in a Thai population in an exploratory

randomised controlled trial using two groups, a KTT group and a KTNT group.
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2.7.2.1 Objectives

To determine the immediate effects of KT on the three-dimensional joint
kinematics and moments of the lower limb during running in ITBS patients, and
to determine any differences between the KTT and KTNT groups.

To determine the immediate effects of KT on muscle activity of the Gmax, Gmed,
TFL, VM, and VL in ITBS patients, and to determine any differences between the
KTT and KTNT groups.

To determine if the short-term perceptions of pain, symptoms, ADL function,
sport and recreation function, quality of life, and fear of movement are changed
with taping, and to determine any differences between the KTT and KTNT
groups.

To determine any perceived changes in the comfort, stability of the knee joint,
and benefits to running performance with taping, and to determine any
differences between the KTT and KTNT groups.

To determine if muscle strength and muscle length are changed with taping, and
to determine any differences between the KTT and KTNT groups.

To determine if the response to the application of KTT and KTNT is different

between the sexes.

2.7.2.2 Hypotheses for the ITBS Participants

There will be a significant immediate increase in the hip external rotation angle
and decrease in the hip internal rotation and adduction angles and knee internal
rotation angle, decrease in the moments, and decrease TFL muscle activity in the
KTT group compared to the KTNT group after the application of KT.

Both females and males will show similar changes in hip and knee angles,
moments and muscle activity after the application of KT.

There will be significantly greater improvements in the clinical outcomes in the
KTT group compared to KTNT group including; pain, fear of movement (TSK
score), Knee Injury and Osteoarthritis Outcome Score (KOOS) sub-scores
(Symptom, Pain, ADL, Sport and recreation, and Quality of life), Global Rating of
Change (GROC) after the KT application across the 7 days of taping.
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There will be significantly greater immediate improvements in the muscle
strength, and muscle length after the application of KT.

Both females and males will show a similar improvement in clinical outcomes
after the application of KT across the 7 days of taping.

There will be perceived improvements in comfort, stability, and running
performance after the application of KT across the 7 days of taping in the KTT
group but not in the KTNT group.

Both females and males will show a similar improvement in perceived changes
in the comfort, stability of the knee joint, and benefits to running performance

after the application of KT across the 7 days of taping.
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CHAPTER 3 GENERAL MATERIALS AND METHODS

3.1 Introduction

This chapter describes the details of the instrumentation used within the three
experimental chapters including motion capture systems, force platforms and sEMG
equipment across two laboratories at UCLan, UK and Mahidol University, Thailand. In
addition, this chapter also describes the taping interventions, running biomechanics
tests, SEMG sensor placement, marker placement, perceived comfort, stability of the

knee joint, and running performance outcomes, and data processing.

3.2 Instrumentation used in the UK healthy participant study

3.2.1 The Qualisys™ passive Motion Capture System

The Qualisys™ passive motion capture system (Qualisys Medical AB, Goteburg, Sweden)
(Figure 3-1) uses high speed two-dimensional (2D) digital cameras. The UK healthy study
used ten Oqus 7 cameras which emit infrared flashes to capture retro-reflective markers

positioned on the body of the participants.

Figure 3-1 Qualisys™ Oqus camera;

a) front view of camera, b) back view of camera.

3.2.1.1 Camera Settings

The cameras were set at a sampling rate of 100 Hz, and were positioned around the data
collection area to give a capture volume of 2 x 5 x 2 m (Figure 3-2). Prior to data
collection, the position, focus, aperture, and marker threshold of each camera was

adjusted so that they could all see three groups of reflective markers within the data
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collection area, thus setting the data capture volume (Figure 3-2). Once the camera
positions were checked, the calibration of the system was performed. The length of the
UK laboratory was 30 metres and the distance that participants were required to run
was 10 metres. The research setting in the laboratory at UCLan, UK, and the running

distance can be seen in Figure 3-3.

Figure 3-2 Screen shot of the covered volume view from QTM programme.

~ 10 metres

| =

Figure 3-3 The laboratory setting at UCLan, UK, and the running distance.
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3.2.1.2 Kinematic calibration

Before starting data collection, a static and dynamic kinematic calibration was
performed to determine the position and orientation of each camera which allows the

calculation of three-dimensional marker data.

3.2.1.3 Static calibration

A L-shaped reference frame with four reflective markers (Wand 300 Calibration Kit,
Qualisys Medical AB, Gothenburg, Sweden) was used in the static calibration, which was
positioned on the corner of one of the force platforms (Figure 3-4a). The position of the
L-frame sets the lab global coordinate system reference as XYZ; where the X axis defined
the forward/backward direction, the Y axis defined the medial/lateral direction, and the

Z axis defined the vertical direction.

3.2.1.4 Dynamic calibration

A “T” shaped calibration wand with two reflective markers (Figure 3-4b) was moved
through the capture volume, for 35 seconds. To obtain the calibration values, the
calibration algorithm within QTM uses the position and orientation information of the
cameras and three-dimensional coordinates of the wand. A resulting average residual
factor of less than 1 mm was considered as acceptable following the manufacturers
guidelines (Figure 3-5). If the average residual factor exceeded 1.0 mm for any camera,

the calibration procedure was repeated until all residual factors were below 1.0 mm.
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Figure 3-4 a) L-shaped reference frame on force platform 1,

b) T-shape calibration wand for dynamic calibration.

Camera results -
Camera X{mm)  Y{mm) Z Points  Avg. residual (mm)
01 447499 88664 215317 15256 047302

02 1830.93 244860 211261 1561  0.57042

03 133150 -2391.89 1317 0.87571

04 4597.72 243765 1478 058668

05 761972 83149 203701 1525 0.61899

06 753299 169840 212902 1420 057489

07 458955 338544 214246 1366 055237

08 150268 326000 210641 1568  0.67991

09 -1739.98 335779 215166 1503  0.69529

10 42 162791 212084 1670  0.48088

Standard deviation of wand length: 0.35702 {mm)
Calibration camied out: 2019-04-23 09:05:18

Figure 3-5 Example of the average residual errors of a successful calibration.
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3.2.2 Force platform and defining the force platform position

Four force platforms (AMTI BP400600, Advanced Mechanical Technology Inc., USA)
were used to collect ground reaction forces for the UK healthy study (Figure 3-6a). The
four force platforms were used in order to increase the chance for the participants’ foot
of the study limb to land within the perimeter of a force platform, thus potentially
minimising the number of trials participants were required to run. Each force platform
produces a total of six outputs by measuring the three orthogonal force and moment

components along the X, Y, and Z axes.

Kinetic data was recorded at a sampling rate of 500 Hz. The force platforms were
synchronised with the Qualisys motion capture system using the ‘Synchronisation In’
connector on the master camera. Additionally, SEMG was synchronised using an
external trigger unit which sent a TTL signal to the master camera and the EMG system
(Delsys Trigno EMG). Therefore, the time was synchronised between the motion capture
system, the force platforms and the EMG system. Upon completion of the kinematic
calibration, retroreflective markers were placed on each corner of the four force
platforms (Figure 3-6), which was used to define the position of the force platforms

within the QTM programme.
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Figure 3-6 a) Marker positions on the four force platforms for positional calibration

within the laboratory, b) marker location on one force platform.

3.3 Instrumentation used in the Thai healthy participant and Thai ITBS studies

3.3.1 The Vicon™ passive Motion Capture System

The Vicon™ Vantage passive motion capture system (Oxford Metrics, Oxford, UK)
(Figure 3-7) uses multiple high-speed processors to perform real-time proprietary
image-processing. This study used ten Vicon Vantage video cameras which emit infrared

flashes to capture retroreflective markers positioned on the body of the participants.

Figure 3-7 Vicon™ Vantage camera.
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The cameras were set at a sampling rate of 200 Hz, and were placed around the data
collection area to cover a capture volume of 2 x 5 x 2 m which was the same capture
volume as the UK healthy study (Figure 3-8). As in the UK healthy study, the position,
focus, aperture, and marker threshold of each camera was adjusted so that they could
all see three groups of reflective markers within the data collection area, thus setting
the data capture volume, Figure 3-8. Once the camera positions were checked, the
calibration of the system was performed. The length of the Thai laboratory was 16 metres
and the distance that participants were required to run was 10 metres. The laboratory

setting at Mahidol, Thailand, and the running distance can be seen in Figure 3-9.

Although there was a difference in the length of the two laboratories with the UK
laboratory being 30 metres and the Thailand laboratory being 16 metres, both used a
run test length of 10 metres, however the shorter distance to decelerate in the Thailand
laboratory may account for a lower running speed. In addition, there was a difference
in the motion capture systems used between the studies in the UK (the Qualisys motion
capture system) and Thailand (the Vicon motion capture system). However, the same

marker placements and biomechanical models were used in all studies.

Figure 3-8 The camera positions from the Nexus™ programme.
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Figure 3-9 The laboratory setting at Mahidol University, Thailand,

and the running distance.

The Active Calibration Wand is an electronic motion capture calibration device that
contains five pairs of LEDs (Figure 3-10a) and is moved through the capture volume. To
obtain the calibration values, the calibration algorithm within Vicon Nexsus programme
uses the position and orientation information of the cameras and three-dimensional
coordinates of the wand. Following the dynamic calibration, a static calibration was
required in which the Active Calibration Wand was positioned on the corner of the force
platform (Figure 3-10b) which sets the lab global coordinate system reference as XYZ;
where the X axis defined the medial/lateral direction, the Y axis defined the
forward/backward direction, and the Z axis defined the vertical direction. Following
manufacturers guidelines, a resulting image error factor of less than 0.2 pixels was
considered acceptable (Figure 3-11). If the image error factor exceeded 0.2 pixels for

any camera, the calibration procedure was repeated.
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Figure 3-10 a) Active Calibration Wand,

b) Active Calibration Wand positioned on the force platform.

Camera = Wand Count World Error Image Error

*] #1 (Vantage5) 1885 0.20995 0.0997602
B #2 (vantage 5) 1501 00823475 00722977
il #3 (Vantage5) 22)2 0.246935 0115989

[ 24 (Vantage 5) BOQ 10.235941 0.0844238
B 2 (Vantage 5) -ZZﬂ. 10.254584 0.092624

B #6 (vantage 5) :’1770 0168236 0.0768692
] 27 (Vantage 5) 1503 0.0692716 00568146
[ #8 (Vantage5) 41600 0.166291 0.0757282
(%] #9 (Vantage 5) :zzss- 0.218474 0.0791177
£ #10 (vantage5) '2419 0205602 00731585

Figure 3-11 Example of the Image errors of a successful calibration.

3.3.2 Force platform and defining the force platform position

Two force platforms (AMTI-OR67, Advanced Mechanical Technology Inc., USA) were
used to collect ground reaction forces for the Thai healthy and Thai ITBS studies. Two
force platforms were used in order to increase the chances of the participants’ foot of
the study limb landing within the perimeter of either force platform whilst running, thus
potentially minimising the number of trials participants were required to run. Kinetic

data was recorded at a sampling rate of 2000 Hz. A Vicon Lock unit was used to
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synchronise the time between the Vicon motion capture system, the Delsys Trigno EMG

system, and the AMTI force platforms (Figure 3-12).

Figure 3-12 Synchronisation of the Vicon Vantage, AMTI force platforms and Delsys
systems a) Vicon lock box (front), b) Vicon lock box (back), c) Complete integration

and synchronisation of equipment.

3.4 Instrumentation and Methods used in all studies

3.4.1 Surface Electromyography System

Both UK and Thai laboratory used the same EMG system. Five SEMG electrodes (Delsys
Trigno Lab system, Delsys Inc., Boston, MA) (Figure 3-13) were used to collect muscle
activity data. The Delsys Trigno system uses wireless EMG sensors each with four silver
bar contacts which detect EMG signals of the underlying muscles. sEMG signals were
collected at a sampling frequency of 1925 Hz from Gluteus Maximus (Gmax), Gluteus
Medius (Gmed), Tensor Fascia Latae (TFL), Vastus Medialis (VM), and Vastus Lateralis

(VL) muscles.

Figure 3-13 The Delsys Trigno System a) The Delsys Trigno System Base,

b) The Delsys Trigno EMG sensor.
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3.4.2 Running Biomechanics Tests

The procedure for the running biomechanics tests is shown in Figure 3-14.

SEMG sensors were positioned on the study limb

Reflective markers were placed on the study limb

Anatomical standing calibration

An acclimatisation period of approximately three minutes of running

No Tape condition data collection

Thigh cluster and later femoral epicondyle were removed

(highlighter pen used to mark boundardy before removed)

Kinesio Tape with Tension or Kinesio Tape
with No Tension was applied

Thigh cluster and lateral femoral epicondyle
were replaced

Anatomical standing calibration

Kinesio Tape with Tension or Kinesio Tape
with No Tension data collection

Figure 3-14 Sequence of preparing the participant and running biomechanics test

procedures.
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3.4.2.1 Participant Preparation

Participants wore their normal sports shirt, sports shorts, and running shoes during the
data collection sessions. The SEMG sensors and the reflective markers were placed on
the study limb. The study limb in the UK and Thai healthy study was the dominant limb
which was defined as the leg they would kick a ball with, and draw a figure of eight on
the floor (van Melick et al., 2017). For the ITBS study, the study limb was symptomatic
limb which was defined as the leg they had current symptoms of ITBS, positive the Noble
compression and Ober’s test, reported numeric pain rating scale (NPRS) of at least 3 out

of 10 at lateral femoral condyle during running (Noehren et al., 2014).

3.4.2.1.1 sEMG Sensor Placement

SEMG sensors were attached on the skin over the Gmax, Gmed, TFL, VM and VL
according to the European Recommendations for Surface Electromyography (Freriks et
al., 1999), Table 3-1 and Figure 3-15. The placement of sensors near muscle tendon
insertion and innervation zones impairs signal fidelity (Roy et al., 1986). Therefore, the
SEMG sensors were placed in the centre of the muscle belly, away from tendons and the
boundary of the muscle, with the orientation of the sEMG sensor positioned
perpendicular to the muscle fibre direction following the manufacturers guidelines,

Figure 3-16.
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Table 3-1 Recommendations for sensor locations and orientation in lower extremity

muscles (Freriks et al., 1999).

Muscle Sensor location Sensor orientation

Gmax Halfway on the line between the From the posterior superior iliac spine
sacral vertebrae and the greater (PSIS) to the middle of the posterior
trochanter. aspect of the thigh.

Gmed Halfway on the line between the iliac  From the iliac crest to the greater
crest and the greater trochanter. trochanter.

TFL The proximal 1/6 on the line from the  From the ASIS to the lateral femoral
anterior superior iliac spine (ASIS) to condyle.
the lateral femoral condyle.

VM At 4/5 on the line between the ASIS Almost perpendicular to the line
and the joint space of anterior border  between the ASIS and the joint space of
of the medial collateral ligament anterior border of the MCL, in vastus
(MCL). medialis oblique fibre direction.

VL At 2/3 on the line between the ASIS In the VL fibre direction, slightly angle

and the lateral side of the patella.

from lateral thigh to patella.
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Figure 3-15 EMG position and orientation on the study limb

a) Gmax, b) Gmed, c) TFL, d) VM, and e) VL. Yellow circles represent the anatomical

landmarks used to determine the sensor location.

SEMG sensor
orientation

Tendon

£

Tendon

<4—— Direction of muscle fibres ——>

Figure 3-16 Position and orientation of the SEMG sensor

(Image modified from Delsys Inc.).
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Prior to placement of the sEMG sensors, the skin at the sensor sites was cleaned with
isopropyl alcohol wipes in order to remove dry dermis and any skin oils, oils on the sSEMG
sensor site and surface residues. After the skin was completely dried, SEMG sensors
were attached to the skin surface using Delsys Adhesive Sensor Interfaces. Additionally,
participants with excessive hair where the sensor would be positioned, had that site
shaved with a razor. If the skin was exceedingly dry, hypoallergenic tape was applied to
the skin to remove any dry skin. After preparing the skin and attaching the sEMG sensor
on the skin, signal fidelity was checked. Baseline noise was assessed, and values <20 uV
RMS (root mean square) were considered acceptable. If the sEMG signal was
contaminated with large baseline noise, the procedure of skin preparation and cleaning

the sSEMG sensor was repeated.

3.4.2.1.2 Marker placement

The same marker placements and biomechanical model was used in all studies.
Retroreflective spherical markers (Figure 3-17) were attached to the participant with
double-sided tape to define the anatomical reference frames of the pelvis, thigh, shank
and foot. The anatomical markers were placed on the right and left ASIS and PSIS, the
greater trochanter, the medial and lateral femoral epicondyles, and the medial and
lateral malleoli. Four retroreflective markers were position on the calcaneus, first and
fifth metatarsal heads, and midfoot which were positioned on the participants’ shoes
which modelled the foot as a single segment. On the contralateral limb, markers were
attached to the foot and the medial and lateral malleoli to identify gait events. Carbon-
fibre tracking clusters comprising of four non-orthogonal retroreflective markers were
placed onto the lateral surface of the thigh and shank segments on the study limb using
the Calibrated Anatomical System Technique (CAST) (Cappozzo et al., 1995). The
complete marker set can be seen in Figure 3-18. Prior to running under each taping
condition, participants were asked to stand on the force platform in the anatomical
position, and a static trial was collected in order to determine the relative position and

orientation of the segment clusters with respect to the anatomical markers.
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Figure 3-17 a) Reflective spherical markers

b) the carbon-fibre tracking clusters.

Figure 3-18 Marker set a) anterior view, b) lateral view and c) posterior view.

3.4.2.2 Taping Interventions; Kinesio Tape with Tension (KTT)

Kinesio Tex™ Tape (KT; Kinesio Holding Corporation, Albuquerque, NM) (Figure 3-19)
which is an elastic therapeutic adhesive tape that is latex-free, hypoallergenic,
waterproof, and porous. The KT techniques and user guide were developed by Kase
(2003) who used Kinesio Tex™ in the developing of KT techniques and claimed KT may
improve the symptoms of runners with ITBS, for which the author has anecdotal
evidence that KT helps runners with ITBS from clinical experience. However, there is no
research that has investigated the effect of KT on runners with ITBS. Therefore, the
author decided to use the KT brand and technique describe by Kase in this thesis to
explore if KT provided any efficacious biomechanical effects or self-reported benefits in

runners with ITBS to provide an evidence base for future clinical practice.
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Figure 3-19 The Kinesio tape.

The KT used in this study had a width of 5 cm, a 5 cm length for each block, and a
thickness of 0.5 mm (Figure 3-19). The KT application used in this thesis was performed
by the author who is a certified KT practitioner (Appendix 1) and has over 3 years’
experience using KT within his clinical practice. All KT techniques were applied to the
participants’ study limb as they lay in a side-lying position on their non-study limb side.
The Kinesio tape with tension (KTT) condition consisted of three KT application
techniques which are referred to as; Inhibition, Space Correction, and Functional
Correction (Figure 3-20), which will now be described in more detail. The example of the
percentage stretches of KT application from the length of 20 cm, with the origin of tape

for 5 cm and end of tape for 5 cm can be seen in Figure 3-21.
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Figure 3-20 Kinesio Tape Application. a) Inhibition technique, b) Space correction

technique, c) and d) Functional correction technique.

Figure 3-21 The example of the percentage stretches of Kinesio tape application

with zero stretch at the origin and end of the tape.
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3.4.2.2.1 Inhibition Technique

The first layer of KTT application was applied using an “inhibition technique” (Figure
3-20a), the unstretched length of the KT was measured from the lateral femoral
epicondyle (LFE) to the greater trochanter of each participant. A 15-25% stretch over
the ITB and TFL with zero stretch at the origin and the end of the tape was used. The KT
was cut into a Y shape, with the base of the Y strip (5 cm) positioned inferior to the
insertion of the ITB as the origin of tape with zero stretch in neutral position of lower
limb (no stretched of muscle around hip joint in side lying position) (Figure 3-22a). The
study limb was then moved into hip extension and adduction position in order to stretch
the ITB, and the KT was stretched by 15%-25% in both the I and Y strip over the ITB and
TFL (Figure 3-22b). The amount of stretch was visually assessed by the author. This
consisted of the KT being stretched to 100% stretch and then reducing the amount of
stretch to the target amount of stretch. Finally, zero stretch was applied to the end of
the tape (5 cm) in the ITB stretched position. The inhibition technique used the KT’s recoil
effect from the insertion to the origin which has been suggested to induce motor neuron
inhibition by stretching the Golgi tendon organs located at the distal end of muscles.
This effect has been purported to decrease the tension within the TFL and ITB which has

been associated with pain in people with ITBS during running (Yeung and Yeung, 2016).

Figure 3-22 Kinesio tape inhibition Technique; a) Starting in a neutral position with
applied origin tape with zero stretch, b) Applying tape with 15-25% stretch of KT in

ITB stretched position.
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3.4.2.2.2 Space Correction Technique

The second layer of KTT was applied using a “space correction technique” (Figure 3-20b),
the unstretched length of the KT was based on the measurements from the lateral
femoral condyle to the medial femoral condyle of each participant. A 25-35% stretch
over the lateral femoral epicondyle with zero stretch at the origin and the end of the
tape was used. The participant’s study limb was moved into hip extension and adduction
position in order to stretch the ITB, at which point an “I” strip of tape was applied with
a 25-35% stretch over the LFE (Figure 3-23). Finally, both origin (5 cm) and end (5 cm) of
the KT were applied with zero stretch in the ITB stretched position. The KT user guide by
Kase (2003) claimed that the space correction technique has a lifting effect to reduce
pressure between the ITB and lateral femoral epicondyle, resulting in a decrease in pain

at the ITB insertion at the LFE in people with ITBS.

Figure 3-23 Kinesio tape with space correction technique with a 25-35% stretch of KT

in ITB stretched position.
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3.4.2.2.3 Functional Correction Technique

The third layer of KTT was applied using a “the functional correction technique” (Figure
3-20c-d), the unstretched length of the two “I” strips were measured from the medial
femoral condyle to the middle point of the lateral thigh of each participant. A 50-75%
stretch over the thigh with zero stretch at the origin and the end of the tape was used.
The KT “I” strip (5 cm) was placed at the infero-medial at the thigh 2cm above the knee
joint with zero stretch as the origin of the tape with the lower limb in a neutral position
(Figure 3-24a). Then, the participant’s leg was moved into hip external rotation and
abduction, and a 50-75% stretch in the tape was applied over the thigh in a spiral shape,
with the end of the tape (5 cm) attached with zero stretch (Figure 3-24b). Finally, the
participant’s leg was moved into a hip internally rotated and adducted position and the
KT was attached over the thigh (Figure 3-24c). The functional correction technique has
been suggested to assist with hip external rotation and abduction movement through
the stimulation of cutaneous mechanoreceptors. Therefore, the KT may increase hip
external rotation and abduction or decrease hip internal rotation or adduction during

running (Mackay et al., 2020, Song et al., 2015).
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Figure 3-24 Functional correction technique; a) Starting in a neutral position with
applied origin tape with zero stretch, b) Movement into hip external rotation and
abduction whilst applying KT with a 50-75% stretch, c) Hip internal rotation and

adduction whilst attached KT.
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3.4.2.3 Kinesio Tape with No Tension (KTNT)

For all three studies, a comparator tape condition of Kinesio Tape with no tension (KTNT)
was used. This consisted of the same three layers of KT as in the KTT condition, with the
unstretched length of the KT in each layer were measured the same as the KTT condition,
but the tape was applied without tension (0% stretch of KT) with the participant

positioned in a lower limb neutral position.

During running, the three layers of KT in KTT condition applied can pull the skin and
stimulate skin mechanoreceptors. The KT was more stretched to increase the
stimulation of the mechanoreceptors in the stance phase that there was an increase in
the hip internal rotation and adduction angle during this phase. For KTNT condition,
which consisted of the same three layers of KT as in the KTT condition but was applied
without tension (0% stretch of KT) with the participant positioned in a lower limb neutral
position. This would theoretically produce less somatosensory stimulation due to less
pulling on the skin, however some stretch effect would be expected as the individual
moves, in particular movements in internal and external rotation due to the direction of

the application of the tape.

3.4.2.4 The procedure of Running Biomechanics Test

Before testing under the different taping conditions, participants were given an
acclimatisation period of approximately three minutes to habituate to the testing
environment and interventions, and a static trial was collected prior to running under
each taping condition. All participants were tested in the No Tape (NT) condition first to
gain a baseline measure for perceived comfort, stability of the knee joint, and running
performance. After which, the author used a highlighter pen to mark the boundary of
the thigh cluster and LFE anatomical marker on the study limb which were then removed
in order to apply the KT. The relevant taping condition/technique (KTT or KTNT) was
then applied, the thigh cluster and LFE anatomical marker were then re-attached at the
same position. The correct positioning of the LFE marker, which was used to define the
shank and thigh coordinate systems, was then checked and the running test was
repeated. Figure 3-25 depicts an example of a participant with the full marker set, EMG

sensors and taping applied.
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The participants were then asked to run at a self-selected speed along a 10m runway 10
times under each condition, with a 1-minute rest between trials. Each participant was
instructed to run at the same self-selected speed under the different tape conditions.
Participants were instructed to lead with the same limb for each trial, to facilitate the
reliability of making a good foot contact within the perimeter of the same force
platform. Markers were placed on the floor to indicate the start position and first step
length. Participants were asked to stand at the start point and were given the same

verbal instructions, “are you ready?, OK, go” at the beginning of each run.
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Figure 3-25 a) anterior and b) lateral view of the taping, marker and EMG placement.
Kinesio Tape Application of 1) Inhibition technique, 2) Space correction technique,

3) Functional correction technique.
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3.4.2.4.1 Perceived comfort, stability of the knee joint, and running performance
outcomes

For all studies the perceived comfort, stability of the knee joint, and running
performance was assessed after each set of trials under the KTT and KTNT conditions,
participants were asked to assess their perceived comfort, stability of the knee joint, and
running performance using a seven-point Likert scale (1 = strongly disagree, 2 = disagree,
3 = slightly disagree, 4 = neutral, 5 = slightly agree, 6 = agree, 7 = strongly agree),
Appendix 2. A 2 point change compared to NT condition in perceived scores was chosen
to determine the Minimal Clinical Important Change (MCIC) and Minimal Clinical

Important Difference (MCID) for this thesis (Kamper et al., 2009).

Participants were asked to answer and were given the same verbal instructions

“Do you think this kinesio tape is comfortable compared to pre-tape?”

“Do you think this kinesio tape helps the stability of your knee compared to pre-tape?
““Do you think this kinesio tape offers benefits to your running performance compared

to pre-tape?”

3.4.3 Checking the marker replacement position

The removal and reattachment of the thigh cluster and LFE marker was required in order
to apply the KT. This thesis used the CAST technique to model each body segment in six
degrees of freedom (Cappozzo et al.,, 1995). The CAST technique involves the
guantification of an anatomical coordinate system for each segment using anatomical
landmarks (static markers) which provide a position and orientation in space for the
corresponding technical tracking markers positioned on rigid clusters (dynamic tracking

markers).

The replacement of the LFE marker in a slightly different position could produce a test-
retest error. This was mitigated for by using a highlighter pen to mark around the
boundary of both the thigh cluster and LFE marker, with the LFE marker being critical for
the position and orientation of the shank and thigh coordinate systems. Therefore, an
additional check was performed to determine if the LFE marker was replaced in the

same position prior to the taping being applied.
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When collecting data for the static trials for the different conditions, the participant may
be standing in a slightly different position and posture, therefore, the standing angle
may show different joint angles across the different static trials. Based on the CAST
model, joint angles are dependent on the coordinate system and the coordinate system
depends on the proximal and distal, and medial and lateral anatomical markers.
Therefore, the author used a method to create a virtual LFE marker in Visual 3D (C-
Motion, Germantown, MD, USA) using a reference position from the medial femoral
epicondyle marker based on the shank coordinate system (Figure 3-26), as these
markers were not removed between conditions. This was used to check that there was
no error in the relocation of the LFE marker after the tape was applied, and therefore
no change of the position and orientation of the shank and thigh coordinate systems

and any associated knock-on effect on the joint kinematics (Figure 3-27).
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Figure 3-26 Screen shot of the virtual femoral epicondyle marker (red circle) created

from the position of the first static anatomical calibration in Visual 3D.
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Figure 3-27 An example of one participant illustrating the virtual femoral epicondyle
marker created from the first static anatomical calibration (red circle) compared to
the femoral epicondyle marker (grey marker) in the anterior and lateral views; a-c)
anterior view in NT, KTT, and KTNT conditions, respectively, d-f) lateral view in NT,

KTT, and KTNT conditions, respectively.
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3.5 Data Processing

Of the 10 trials collected, the last five trials were used for analysis as this considered
trials with clear foot contacts with the force platforms. In addition, when looking at the
data there were some marker tracking errors in a few trials so these were also not
included. Therefore, the last five trials that showed complete data and a clear foot
contact with a force platform were used as all participants reached this threshold. This
is in line with previous studies which used five trials under each test condition (Noehren

et al., 2007, Foch et al., 2015).
Running speed was calculated in Visual 3D by using the RPSIS or LPSIS marker depending
on the study limb. The distance this marker travelled from heel-strike on the force

platform to the subsequent heel strike was calculated and divided by the time taken.

3.5.1 Modelling of the Segments

3.5.1.1 Modelling of the Pelvis Segment

The pelvis segment was defined by using the markers placed on the left and right ASIS
and PSIS. The pelvis origin segment coordinate system was defined as the mid-point
between the ASIS markers. The tracking of the pelvis segment used the ASIS and PSIS
markers. These markers were also used as the technical frame markers (Figure 3-28).
The hip joint centre was calculated using the method described by Bell (Bell et al., 1990),
Table 3-2.

Figure 3-28 Model marker set for the pelvis segment
(White = Anatomical Markers, Purple = Technical Frame Markers, White / Purple =

Anatomical and Technical Markers, green = Calculated Hip Joint Centre).
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Table 3-2 Hip Joint Centre calculation formula with relative planes of motion.

Right Hip 0.36*ASIS Distance -0.19* ASIS Distance -0.3 * ASIS Distance

Joint Centre (X Axis — Sagittal) (Y Axis — Coronal) (Z Axis — Transverse)

Left Hip Joint | -0.36 * ASIS Distance | -0.19 * ASIS Distance -0.3 * ASIS Distance

Centre (X Axis — Sagittal) (Y Axis — Coronal) (Z Axis — Transverse)

3.5.1.2 Modelling of the Thigh Segment

The thigh segment coordinate system was defined by the proximal markers positioned
on the greater trochanter and the distal markers positioned on the medial and lateral
femoral epicondyles. The tracking of the thigh segment used the carbon-fibre tracking
clusters which were placed on the lateral aspect of the thigh as the technical frame

markers (Figure 3-29).

4@

iy

Figure 3-29 Model marker set for the thigh segment
(White = Anatomical Markers, Purple = Technical Frame Markers, White / Purple =

Anatomical and Technical Markers, green = Calculated Hip Joint Centre).

3.5.1.3 Modelling of the Shank Segment

The shank segment coordinate system was defined by the proximal markers placed on
the medial and lateral femoral epicondyles and the distal markers on the medial and
lateral malleoli. The tracking of the shank segment used the carbon-fibre tracking
clusters positioned on the lateral surface of the shank as the technical frame markers

(Figure 3-30).
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Figure 3-30 Model marker set for the shank segment

(White = Anatomical Markers, Purple = Technical Frame Markers).

3.5.1.4 Modelling of the Foot Segment

The foot segment coordinate system was defined by proximal markers placed over the
heads of the 15t and 5™ metatarsals on the running shoes and the distal markers were
placed on the medial and lateral malleoli (Figure 3-31). The tracking of the foot segment
used the markers attached over the heads of the 15t and 5" metatarsals, mid-foot marker

and the posterior surface of the calcaneus as the technical frame markers.
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Figure 3-31 Model marker set for the foot segment
(White = Anatomical Markers, Purple = Technical Frame Markers,

White / Purple = Anatomical and Technical Markers).

3.5.2 Kinematic and Kinetics

Qualisys Track Manager for UK healthy studied and Vicon Nexus programme for Thai
healthy and Thai ITBS studies were used to track the marker trajectories for the static
and dynamic trials, which was then exported to C3D format and imported into Visual
3D. The kinematic and kinetic data were then filtered using a cut-off frequency of 8 Hz
and 50 Hz, respectively, using a low-pass Butterworth 4™ order zero lag filter (Noehren

et al., 2007). Three-dimensional joint angles and moments at the hip and knee were
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calculated using an XYZ cardan sequence of rotations (where X = sagittal plane; Y =
coronal plane and Z = transverse plane), equivalent to the joint coordinate system
(Grood and Suntay, 1983), and lower limb kinematics were calculated using a six degrees
of freedom model (Cappozzo et al., 1995). The local coordinate systems were defined as

below (Table 3-3). All data were normalised to 100% of the stance phase of the study limb.

Table 3-3 Local coordinate system and axes, planes of motion and respective

movements.
Axes Planes of Motion Movement
X Axis Sagittal Plane Flexion/Extension
Y Axis Coronal Plane Adduction/Abduction
Z Axis Transverse Plane Internal/External Rotation

3.5.2.1 Joint Angle Calculations

All the kinematic outcome measurements were normalised to 100% of the stance phase
using the events of initial contact to toe-off. Heel strike and toe-off were determined
using vertical force thresholds of 20 N. Joint angles were defined as the angle between
the distal segment with respect to the proximal segment, with the hip angle defined as
the thigh segment relative to the pelvis, the knee angle defined as the shank segment

relative to the thigh segment.

The right-hand rule was used to define the joints, with the hip and knee joints reported
as positive angles representing flexion, adduction, and internal rotation; with negative
angles representing extension, abduction, and external rotation. Three-dimensional
kinematic measures from the hip and knee joints in the stance phase were extracted for
statistical analysis. These included; peak angle, minimum angle and joint range of
motion (ROM) in the three planes under each condition (NT, KTT, and KTNT). The
example time series graph of three-dimensional hip and knee joint angles across three

taping conditions can be seen in the Figure 3-32 and Figure 3-33.
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Figure 3-32 Example time series graph of three-dimensional hip joint angles from the
UK healthy study (n=1) across three taping conditions; a) Hip extension/flexion, b)
Hip abduction/adduction, and c) Hip external and internal rotation. Positive values

indicate hip flexion/adduction/internal rotation and negative values indicate hip

extension/abduction/external rotation.
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Figure 3-33 Example time series graph of three-dimensional knee joint angles from
the UK healthy study (n=1) across three taping conditions; a) Knee extension/flexion,
b) Knee abduction/adduction, and c) Knee external and internal rotation. Positive
values indicate knee flexion/adduction/internal rotation and negative values

indicate knee extension/abduction/external rotation
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3.5.2.2 Joint Moment Calculations

Hip and knee joint moments were computed using inverse-dynamics relative to the
proximal coordinate system, and data were normalised to 100% of stance phase. At the
hip and knee joints, positive moments represented extension, abduction, and external
rotation, and negative moments represented flexion, adduction, and internal rotation.
To reduce anthropometric influences all moments were normalised to the participants’
body mass (kg). Kinetic measures from the hip and knee joints in the stance phase were
extracted for statistical analysis included; maximum moments and minimum moments
in all three planes under each condition (NT, KTT, and KTNT). The example time series
graph of three-dimensional hip and knee joint moments across three taping conditions

can be seen in the Figure 3-34 and Figure 3-35.
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Figure 3-34 Example time series graph of three-dimensional hip moments from the

UK healthy study (n=1) across three taping conditions; a) Hip extension/flexion, b)

Hip abduction/adduction, and c) Hip external and internal rotation. Positive values
indicate hip extension/abduction/external rotation and negative values indicate hip

flexion/adduction/internal rotation.
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Figure 3-35 Example time series graph of three-dimensional knee moments from the
UK healthy study (n=1) across three taping conditions; a) Knee extension/flexion, b)
knee abduction/adduction, and c) Knee external and internal rotation. Positive
values indicate knee extension/abduction/external rotation and negative values

indicate knee flexion/adduction/internal rotation.
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3.5.3 sEMG analysis

The sEMG data were exported into Visual 3D. The sEMG data from each muscle was
bandpass filtered between 450 Hz and 20 Hz. The EMG signals were processed by
removing the direct current offset, then raw sEMG signals (Figure 3-36a) were high-pass
filtered at 20 Hz to reduce movement artefacts (Figure 3-36b) (Baker et al., 2018,
Hébert-Losier et al., 2019). The signal was then full wave rectified (Figure 3-36¢) and
then low-pass filtered at 15 Hz to provide an enveloped EMG signal (Figure 3-36d)
(Hébert-Losier et al., 2019).

In order to compare across all participants and taping conditions, the sSEMG data were
normalised. The sEMG data were exported from Visual 3D to excel and the average and
peak EMG data were calculated across the five trials for each participant. The maximum
observed EMG signal from the filtered data across all trials and conditions for each
muscle was then used to normalise the average and peak EMG signals for each
participant to a maximum value of 1 indicating the maximum observed signal (Hébert-
Losier et al., 2019). Figure 3-37 illustrates an example of the normalised EMG time series
graphs of Gmax, Gmed, TFL, VM, and VL muscles across three taping conditions (NT, KTT,
KTNT).
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Figure 3-36 An example of the EMG signal processing steps; a) Raw sEMG signal,
b) High-pass filtered sEMG signal at 20 Hz, c) Full wave rectified sEMG signal,

d) Full wave rectified and enveloped using a 15Hz low pass filter.
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Figure 3-37 Example time series graph of normalised EMG signals from the UK
healthy study (n=1) used to find the average and peak EMG for Gmax (a), Gmed (b),
TFL (c), VM (d), VL (e) across three taping conditions. Normalised to 1 which

represents the maximum observed signal.
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CHAPTER 4 THE IMMEDIATE EFFECTS OF KINESIO TAPING ON

RUNNING BIOMECHANICS, MUSCLE ACTIVITY, AND PERCEIVED

CHANGES IN COMFORT, STABILITY AND RUNNING PERFORMANCE

IN UK HEALTHY RUNNERS

The results of this study have been published in Gait and Posture. 2022, Jan;91(2):179-

185. Please see Appendix 3 for the published version.

4.1 Introduction

This chapter presents the results of kinesio tape with and without tension on lower limb
running biomechanical measures associated with ITBS and perceived outcome measures

in a UK cohort of healthy participants.

Kinesio Taping (KT) is a common treatment technique in physical therapy and
rehabilitation in the treatment of musculoskeletal problems (Anandkumar et al., 2014,
Kase et al., 2003, Liu et al., 2019, Osterhues, 2004, Zhang et al., 2019). Despite the
proposed benefits that KT may alter the running biomechanics of individuals with ITBS
(Kase et al., 2003), to the authors’ knowledge, there is no scientific evidence to support
the immediate effect of KT as a treatment for runners with ITBS. Therefore, more work
is required to explore if running biomechanics can be modified using KT, specifically in
those parameters that have been associated with ITBS which include hip adduction, hip
internal rotation, and knee internal rotation (Noehren et al., 2007, Noehren et al., 2014).
Prior to such a study, it is important to understand how KT effects the running
performance in healthy runners to inform the design and methodology of later studies
on Thai healthy participants and Thai participants with ITBS. Consequently, this study
aimed to investigate the immediate effect of KT on lower limb kinematics, joint
moments, muscle activity and changes in perceived comfort, knee joint stability, and
benefits to running performance in healthy UK participants. It was hypothesised that the
KT would increase peak hip external rotation, decrease peak hip adduction and internal

rotation, decrease peak knee internal rotation, and show perceived improvements.

98



4.2 Methods

4.2.1 Participants

Male and female participants were recruited from running clubs in Preston and a staff
and student population at the University of Central Lancashire (UCLan). The following
inclusion criteria were; aged between 18 to 45 years old, regularly run a minimum of 10
km a week, no physical limitations which may interfere with the testing protocol such as
fatigue, illness, or dizziness. Exclusion criteria were; history of musculoskeletal injuries
to the lower limbs in the past six months, previous surgery to the lower limbs, or a skin

allergy to kinesio tape.

Before starting testing, an information sheet was given to the participants, which
provided study information and what was expected of them (see Appendix 4). Each
participant completed a Physical Activity of Readiness Questionnaire (PAR-Q+) to
determine the safety or possible risks associated with inclusion (Appendix 5).
Participants who met the inclusion and exclusion criteria were recruited to participate
in this study. The dominant limb (hereafter referred to as the study limb) was defined
as the leg they would kick a ball with, and draw a figure of eight on the floor (van Melick

et al., 2017).

This study was approved by the ethics committee of the University of Central Lancashire
(STEMH 966) (see Appendix 6), and all participants provided written informed consent
prior to testing (Appendix 7). All testing procedures were conducted in the Movement

Analysis Laboratory, Brook Building at the University of Central Lancashire.

4.2.2 Study design

This study was a single testing session repeated measures design with each participant
running under three different taping conditions; No Tape (NT), Kinesio Taping with

tension (KTT) and Kinesio Taping with no tension (KTNT).
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4.2.3 Procedures

Participants visited the Movement Analysis Laboratory (Brook Building, UCLan, Preston
Campus, Preston UK) for a single testing session, and following obtaining informed
consent, participants were assigned a study ID number to allow anonymisation of the
data. Surface EMG, motion capture and force platforms were all used for data collection,
see chapter 3 for details relating to the technical and setup features, and section 3.4.2
for full details on running biomechanics test procedures. Participants’ skin was prepared
for the placement of SEMG sensors, and then sEMG sensors were attached on the skin
(see section 3.4.2.1.1 for details), followed by attachment of retroreflective spherical
markers on the study limb (see section 3.4.2.1.2). Following camera and force platform
calibration (see section 3.2.1.2-3.2.1.4 and 3.2.2, respectively), a static trial was
collected prior to running under each taping condition. Participants first ran 10 times
along a 10m runway under the NT condition in order to gain a baseline measure for
perceived comfort, stability of the knee joint, and running performance. Following this,
10 trials under both KTT and KTNT conditions were performed in a block randomised

order using http://www.randomization.com. Perceived comfort, and changes in stability

of the knee joint and running performance were assessed after each set of trials under
the KTT and KTNT conditions compared to the NT condition (see section 3.4.2.4.1). For

details of data processing see section 3.5.

4.2.4 Data Analysis

Statistical analysis was performed using SPSS version 26, with the alpha value set to 0.05.
Shapiro-Wilk tests were performed to determine the distribution of the data. For
normally distributed data, the means and standard deviations for joint kinematics, joint
moments, electromyography, and running speed data from the healthy participants
were reported. Repeated Measures Analysis of Variance (RM ANOVA) with between
group analyses were used to explore the effects of the taping conditions and sex,
significant main effects were further explored with post hoc Least Significant Difference
(LSD) test and effect sizes for all significant findings were calculated using partial Eta?
(np?) to show how much the independent variable was affected by the dependent
variable. Effect sizes were contextualized using the following guidelines; small. 0.01,

medium. 0.06 and large. 0.14 (Cohen, 1988). In addition, mean differences and 95%
100
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confidence intervals were reported. For non-normally distributed data, descriptive
statistics included the median and 25% and 75™ percentiles were reported. Friedman
tests were used to explore the effects of the taping conditions within the two sexes
separately, and significant effects were further explored with Wilcoxon tests, and Mann-
Whitney U test were used to explore the between sex analysis. Effect sizes using
Kendall’s W (W) that were contextualized using the following guidelines; small. 0.1,
medium. 0.3 and large. 0.5 (Cohen, 1988). Likert scale data were analysed using

descriptive statistics to describe any perceived changes due to the taping conditions.

4.3 Results

4.3.1 Participants Characteristics

Twenty healthy participants individuals consisting of ten males and ten females
participated in this study. Table 4.1 presents the descriptive statistics from the

participants.

Table 4-1 Participant demographics values are reported as Mean (SD) and ranges.

Mean (SD) Range

Age (year) 30.60 (7.80) 19 -43
Weight (kg) 70.84 (13.42) 51-98
Height (cm) 172.99 (11.35) 152 -192
BMI (kg/m?) 23.58 (3.14) 18.62 - 32.87
Average running distance

30.71 (14.70) 12 -64
per week (km)

4.3.2 Running Speed

No significant difference was observed in running speed between taping conditions
(p=0.319). The mean (SD) running speed was 3.88 (0.59) m/s, 3.82 (0.57) m/s and 3.81
(0.63) m/s in the NT, KTT and KTNT conditions, respectively.
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4.3.3 Hip Kinematic Data

The Shapiro-Wilk test demonstrated a normal data distribution in almost all parameters
except peak hip abduction angle, peak hip external rotation angle, and hip range of
motion (ROM) in the transverse plane. The descriptive statistics for hip kinematics, Table
4-2 and Table 4-3. The RM ANOVA results showed no significant interactions between

sex and taping conditions for any hip kinematic parameters (p>0.05).

4.3.3.1 Sagittal Plane Hip Kinematics

The RM ANOVA showed a significant difference between taping conditions for the peak
hip flexion angle (p=0.016, ny,?=0.204), Table 4-2, Row 1. The LSD post hoc test showed
a significant greater hip flexion angle under both KTT and KTNT conditions compared to
the NT condition (p=0.029, p=0.007), respectively. No significant difference was seen
between the KTT and KTNT conditions (p=0.936), Table 4-4. Figure 4-1 presents the
comparison of mean and standard deviation for peak hip flexion angle under the
different taping conditions. Figure 4-2 presents the hip flexion/extension angle time

series graph under the three taping conditions.

Moreover, the RM ANOVA showed no significant difference between taping conditions
for peak hip extension angle (p=0.060) or sagittal plane hip ROM (p=0.537). In addition,
there was no significant difference for sex differences on peak hip flexion angle
(p=0.364), peak hip extension angle (p=0.172), and sagittal plane hip ROM (p=0.765), as

shown in Table 4-2.

4.3.3.2 Coronal Plane Hip Kinematics

The RM ANOVA demonstrated no significant effect of taping on peak hip adduction
angle (p=0.156), and hip ROM in the coronal plane (p=0.931), Table 4-2. However, there
was a significant difference for sex differences on peak hip adduction angle (p=0.037,
Np>=0.220) and coronal plane hip ROM (p=0.026, n,>=0.247). The pairwise comparison
for sex showed that females had a significantly greater peak hip adduction angle and

coronal plane hip ROM compared to males, Table 4-5.
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The Friedman test showed a significant difference between taping conditions for peak
hip abduction angle in males (p=0.025, W=0.370), but no significant difference for peak
hip abduction angle was seen in females (p=0.273), Table 4-3, Row 1. The Wilcoxon
Signed Rank test for peak hip abduction angle in males showed a small but significant
decrease (< 2 degrees) in peak hip abduction angle in the KTT condition compared to
the NT condition (p=0.022). There was no significant difference between the KTT and
KTNT conditions (p=0.878), and between the KTNT and NT (p=0.139), Table 4-6. Figure
4-3 presents the comparisons in peak hip abduction angle for males under the three
taping conditions. Figure 4-4 presents the hip abduction/adduction angle time series
graph for males under the three taping conditions. In addition, the Mann-Whitney U-
tests showed no significant difference between sexes for peak hip abduction angle

(p=0.880).

4.3.3.3 Transverse Plane Hip Kinematics

The RM ANOVA demonstrated no significant effect of taping for peak hip internal
rotation angle (p=0.098), and there was no significant difference between sexes for peak
hip internal rotation angle (p=0.362), Table 4-2, and Friedman tests showed no
significant difference for the transverse plane hip ROM for males and females (p=0.670,
p=0.497), respectively, Table 4-3. However, the Friedman test showed a significant
effect of taping on peak hip external rotation angle in males (p=0.025, W=0.370), but no
significant difference was seen in females (p=0.273), Table 4-3, Row 2. Post hoc
Wilcoxon Signed Rank test showed a small but significant increase (< 2 degrees) in peak
hip external rotation angle in the KTT condition compared to NT condition (p=0.047),
and a small but significant increase (< 2 degrees) in peak hip external angle between the
KTT condition when compared to the KTNT condition (p=0.037). No significant
difference was seen between the KTNT and NT conditions (p=0.508), Table 4-7. The
comparison for peak hip external rotation angle for males among the three conditions
can be seen in Figure 4-5. Figure 4-6 presents the hip internal rotation/external rotation
angle time series graph for males under the three taping conditions. The Mann-Whitney
U-tests demonstrated no significant difference for sex differences on peak hip external

rotation angle (p=0.545) and transverse plane hip ROM (p=1.000).
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Table 4-2 Mean (SD) and repeated measures ANOVA for peak hip angle and hip ROM in the sagittal, coronal and transverse plane.

Hip Kinematics Males (n=10) Females (n=10) P-value (ny?)
(degrees)® NT KTT KTNT NT KTT KTNT Tape effect Sex effect
Peak flexion t# 35.98 (9.20) 38.84 (8.70) 38.63(9.61) | 33.58 (5.28) 35.18(7.19) 35.25(6.10) | 0.016*(0.204)  0.364 (0.046)
Peak extension -6.07 (6.25) -3.23(6.73) -3.22(6.09) | -8.53 (5.63) -7.92(7.62) -8.14(7.08) | 0.060 (0.159)  0.172 (0.101)
Sagittal plane ROM 42.04 (8.10) 42.07 (7.87) 41.86(9.09) | 42.11 (3.63) 43.10 (4.67) 43.40(4.09) | 0.537(0.034)  0.765 (0.005)
Peak adduction 11.90 (3.35) 10.85(4.22) 10.76(3.95) | 15.29 (4.29) 14.38(2.99) 15.28(4.89) | 0.156(0.098) 0.037* (0.220)
Coronal plane ROM 12.02 (2.06) 12.04 (2.61) 12.13(2.51) | 14.85(2.63) 14.84(2.95) 14.91(3.13) | 0.931(0.004) 0.026* (0.247)
Peak internal rotation 1.03(4.99) -1.51(5.81) 0.94(5.36) | 2.10(3.78) 1.17(4.23) 2.57(5.20) | 0.098 (0.121)  0.362 (0.046)

* Significant main effect at the 0.05 level.

Tindicates a significant difference between NT and KTT.

t indicates a significant difference between NT and KTNT.

¥ indicates a significant difference between KTT and KTNT.

2 Positive values indicate hip flexion/adduction/internal rotation and negative values indicate hip extension/abduction/external rotation.
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Table 4-3 Median (Q1, Q3) and Freidman test for peak hip angle and hip ROM in the sagittal, coronal and transverse plane.

Males (n=10) Females (n=10) P-value (W)
Hip Kinematics
Tape effect Tape effect
(degrees)? NT KTT KTNT NT KTT KTNT
for Males for Females
Peak abductiont 1.23 -0.44 -1.37 1.18 -0.88 0.46 0.025* 0.273
(-1.82, 2.03) (-1.89, 0.96) (-2.35,1.19) (-2.26, 2.40) (-2.33,1.63) (-2.28,2.52) (0.370) (0.130)
Peak external rotationf:¥ -7.44 -8.70 -6.87 -5.04 -5.44 -7.72 0.025* 0.273
(-9.49,-4.33) (-17.60,-5.76)  (-12.43,-2.30) | (-9.60,-2.43)  (-13.97,-3.63) (-12.31,-1.75) (0.370) (0.130)
Transverse plane ROM 8.40 9.09 7.24 7.71 7.97 8.39 0.670 0.497
(6.33,10.24) (7.03, 10.73) (-6.49, 10.07) (5.96, 12.15) (7.35, 10.93) (6.21, 11.89) (0.040) (0.070)

* Significant difference at the 0.05 level.

Tindicates a significant difference between NT and KTT.

t indicates a significant difference between NT and KTNT.

¥ indicates a significant difference between KTT and KTNT.

2 Positive values indicate hip flexion/adduction/internal rotation and negative values indicate hip extension/abduction/external rotation.
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Table 4-4 Pairwise comparisons for peak hip flexion angle.

95% Confidence Interval for
Peak hip flexion
Mean Difference P-value Difference
(degrees)
Lower Bound  Upper Bound

KTT vs NT 2.24 0.029* 0.25 4.22
KTNT vs NT 2.17 0.007* 0.68 3.65
KTT vs KTNT 0.07 0.936 -1.70 1.83

* Significant difference at the 0.05 level.

Positive values indicate a greater hip flexion in the first condition when compared with

the second condition.
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Figure 4-1 Comparison of mean (SD) for peak hip flexion angle under the three taping

conditions (* represents a significant difference at the 0.05 level).
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Figure 4-2 Time series graph for hip flexion/extension angle
under the three taping conditions. (Positive values indicate hip flexion and negative

values indicate hip extension).

Table 4-5 Pairwise comparison for sex differences of hip kinematics.

95% Confidence Interval for
Hip kinematics Mean Difference
P-value Difference
(degrees) (Females vs Males)

Lower Bound Upper Bound
Peak adduction 3.81 0.037* 0.25 7.37
Coronal plane 2.80 0.026* 0.38 5.23
ROM

* Significant difference at the 0.05 level.
Positive values indicate a greater hip adduction angle and coronal plane ROM in the

females when compared with the males.
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Table 4-6 Wilcoxon Signed Rank test for peak hip abduction angle for males.

Peak hip abduction
Median Difference P-value
for males (degrees)
KTT vs NT -1.677 0.022*
KTNT vs NT -2.61 0.139
KTT vs KTNT -0.23 0.878

* Significant difference at the 0.05 level.

Yindicates a significant difference with a small change in magnitude (< 2 degrees), as an
error of 2 degrees or less as these are likely to be susceptible to clinical misinterpretation.
Negative values indicate a greater hip abduction angle in the first condition when

compared with the second condition.
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Figure 4-3 Comparisons in peak hip abduction angle for males under the three taping

conditions (* represents a significant difference at the 0.05 level).
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Figure 4-4 Time series graph for hip abduction/adduction angle for males
under the three taping conditions. (Positive values indicate hip adduction and

negative values indicate hip abduction).

Table 4-7 Wilcoxon Signed Rank test for peak hip external rotation angle for males.

Peak hip external
rotation for males Median Difference P-value
(degrees)
KTT vs NT -1.267 0.047*
KTNT vs NT 0.57 0.508
KTT vs KTNT -1.83F 0.037*

* Significant difference at the 0.05 level.

Yindicates a significant difference with a small change in magnitude (< 2 degrees), as an
error of 2 degrees or less as these are likely to be susceptible to clinical misinterpretation.

Negative values indicate a greater hip external rotation angle in the first condition when

compared with the second condition.
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Figure 4-5 Comparisons in peak hip external rotation angle for males

among the three conditions (* represents a significant difference at the 0.05 level).
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Figure 4-6 Time series graph for hip internal rotation/external rotation angle for
males under the three taping conditions. (Positive values indicate hip internal

rotation and negative values indicate hip external rotation).
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4.3.4 Knee Kinematic Data

The Shapiro-Wilk test demonstrated a normal data distribution in almost all parameters
except minimum knee flexion angle, peak knee adduction angle, peak knee abduction
angle, and transverse plane knee ROM. The descriptive statistics for peak knee angle
and knee ROM in sagittal, coronal, and transverse planes can be seen in Table 4-8 and
Table 4-9. The RM ANOVA results showed no significant interactions between sex and

taping conditions for any knee kinematic parameters (p>0.05).

4.3.4.1 Sagittal Plane Knee Kinematics

The RM ANOVA showed a significant effect of taping for peak knee flexion angle
(p=0.042, np?=0.181), Table 4-8, Row 1. LSD post hoc tests showed a significantly greater
the peak knee flexion angle in the KTNT condition compared to the NT condition
(p<0.001). There was no significant difference between the KTT and NT conditions
(p=0.109), or the KTT and KTNT conditions (p=0.440), Table 4-10. Figure 4-7 presents the
comparison of mean and standard deviation for peak knee flexion angle under the
different taping conditions. Figure 4-8 presents the knee flexion/extension angle time
series graph under the three taping conditions. In addition, the RM ANOVA tests showed
no significant effect of taping for sagittal plane knee ROM (p=0.388), and no significant
differences between sexes for peak knee flexion angle (p=0.103) and sagittal plane knee
ROM (p=0.260), Table 4-8. The Friedman test showed no significant effect of taping for
minimum knee flexion angle for both males and females (p=0.273, p=0.497),
respectively, Table 4-9. In addition, the Mann-Whitney U-tests showed no significant

differences between males and females for the minimum knee flexion angle (p=0.364).

4.3.4.2 Coronal Plane Knee Kinematics

The RM ANOVA showed no significant effect of taping for the coronal plane knee ROM
(p=0.165), and no significant difference was seen between the sexes (p=0.107), Table
4-8. The Friedman test showed no significant effect of taping for peak knee adduction
angle for males and females (p=0.202, p=0.122), respectively, or peak knee abduction
angle for males and females (p=1.000, p=0.273), respectively, Table 4-9. However, the
Mann-Whitney U-tests showed a significant difference between sexes for the peak knee
abduction angle (p=0.049) with females showing greater values than males, but no
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significant differences was seen between males and females for peak knee adduction

angle (p=0.450), Table 4-11.

4.3.4.3 Transverse Plane Knee Kinematics

The RM ANOVA showed no significant effect of taping for peak knee internal rotation
angle (p=0.369) and peak knee external rotation angle (p=0.514), and no significant
differences were seen between the sexes for peak knee internal rotation angle (p=0.743)
and peak knee external rotation angle (p=0.461), Table 4-8. The Friedman test showed
no significant effect of taping for transverse plane knee ROM for males and females
(p=0.407, p=0.905), respectively, Table 4-9. The Mann-Whitney U-tests showed no

significant difference between the sexes for transverse plane knee ROM (p=0.059).
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Table 4-8 Mean (SD) and repeated measures ANOVA for peak knee angle and knee ROM in the sagittal, coronal, and transverse plane.

Knee Kinematics Males (n=10) Females (n=10) P-value (ny?)
(degrees)® NT KTT KTNT NT KTT KTNT Tape effect Sex effect
Peak flexion? 36.62 (7.01) 38.43(6.51) 38.37(7.30) | 40.64 (3.37) 41.59(3.49) 43.05(3.64) | 0.042* (0.181)  0.103 (0.181)
Sagittal plane ROM 28.87 (6.50) 28.53(5.03) 28.64 (5.98) | 30.56 (3.52) 30.90(2.95) 31.84(3.67) | 0.388(0.051)  0.260 (0.070)
Coronal plane ROM 4.96(1.17) 5.61(1.62) 5.94(1.48) | 6.60(2.10) 6.65(2.37)  7.00(2.26) | 0.165(0.095)  0.107 (0.138)
Peak internal rotation 9.42 (4.91) 11.75(6.30) 10.35(5.26) | 11.86(5.20) 11.08 (5.45) 10.83(4.78) | 0.369 (0.051)  0.743 (0.006)
Peak external rotation -4.71 (4.13) -3.80(6.46) -4.86(5.65) | -5.72(5.54) -6.24(5.73) -6.75(5.67) 0.514 (0.036) 0.461 (0.031)

* Significant main effect at the 0.05 level.

Tindicates a significant difference between NT and KTT.

t indicates a significant difference between NT and KTNT.

¥ indicates a significant difference between KTT and KTNT.

2 Positive values indicate knee flexion/adduction/internal rotation and negative values indicate knee extension/abduction/external rotation.
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Table 4-9 Median (Q1, Q3) and Freidman test for peak knee angle and knee ROM in the sagittal, coronal and transverse plane.

Males (n=10) Females (n=10) P-value (W)
Knee Kinematics
Tape effect Tape effect
(degrees)? NT KTT KTNT NT KTT KTNT
for Males for Females
Minimum flexion 9.04 10.91 8.33 10.04 10.65 12.04 0.273 0.497
(3.83,11.21) (5.42, 13.76) (6.90,13.81) (8.07,11.02)  (6.79,13.63)  (8.45, 13.06) (0.130) (0.070)
Peak adduction 1.28 2.03 1.89 -0.05 0.92 1.27 0.202 0.122
(-1.41, 2.85) (0.49, 2.84) (-0.07, 4.24) (-2.46,2.76)  (-1.55,3.73) (-2.84, 4.10) (0.160) (0.210)
Peak abduction -4.81 -3.51 -4.42 -6.55 -4.71 -6.43 1.000 0.273
(-5.74, -2.19) (-5.27,-1.90) (-5.77,-1.85) (-8.07, -4.82) (-7.54, -3.18) (-7.83,-3.95) (<0.001) (0.130)
Transverse plane 14.16 15.47 15.24 16.70 16.69 17.91 0.407 0.905
ROM (11.15, 17.56) (13.24,18.10) (12.88,17.30) | (14.03,19.99) (13.42,19.30) (12.47,21.13) (0.090) (0.010)

2 Positive values indicate knee flexion/adduction/internal rotation and negative values indicate knee extension/abduction/external rotation.
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Table 4-10 Pairwise comparisons for peak knee flexion angle.

95% Confidence Interval for
Peak knee flexion Mean
P-value Difference
(degrees) Difference
Lower Bound Upper Bound

KTT vs NT 1.38 0.109 -0.34 3.10
KTNT vs NT 2.08 <0.001* 1.07 3.09
KTT vs KTNT -0.70 0.440 -2.56 1.16

* Significant difference at the 0.05 level.

Positive values indicate a greater knee flexion angle in the first condition when

compared with the second condition.
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Figure 4-7 Comparison of mean (SD) for peak knee flexion angle under the three

taping conditions (* represents a significant difference at the 0.05 level).
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Figure 4-8 Time series graph for knee flexion/extension angle
under the three taping conditions. (Positive values indicate knee flexion and negative

values indicate knee extension).

Table 4-11 The Mann-Whitney U-tests results for sex differences of knee kinematics.

Knee kinematics Median Difference
P-value

(degrees) (Females vs Males)
Peak abduction -1.74 0.049*

* Significant difference at the 0.05 level.
Negative values indicate a greater knee abduction angle in the females when compared

with the males.

435 Hip Moments Data

The Shapiro-Wilk test demonstrated a normal data distribution for peak hip extension,
peak hip flexion, and peak hip external rotation moments. However, peak hip abduction
moments, peak hip adduction moments, and peak hip internal rotation moments were
found to be not normally distributed. The descriptive statistics for peak hip moments in
sagittal, coronal, and transverse planes can be seen in Table 4-12 and Table 4-13. The
RM ANOVA results showed no significant interactions between sex and taping

conditions for any hip moment parameters (p>0.05).
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4.3.5.1 Sagittal Plane Hip Moments

The RM ANOVA showed no significant effect of taping for peak hip extension moments
(p=0.450) and peak hip flexion moments (p=0.102), Table 4-12. For sex differences,
there was not a significant difference for sex differences of peak hip flexion moments
(p=0.760) but peak hip extension moments showed a significant difference (p=0.022,
Ne>=0.258), Table 4-12. The pairwise comparison for sex showed that males had a

significantly greater a peak hip extension moment compared to females, Table 4-14.

4.3.5.2 Coronal Plane Hip Moments

The Friedman test showed no significant effect of taping for peak hip abduction
moments for both males and females (p=0.741, p=0.905), respectively, and peak hip
adduction moments for males and females (p=0.905, p=0.741), respectively, Table 4-13.
The Mann-Whitney U-tests showed no significant difference between sexes for peak hip

abduction and adduction moments (p=0.290, p=0.326), respectively.

4.3.5.3 Transverse Plane Hip Moments

The RM ANOVA showed no significant effect of taping for peak hip external rotation
moments (p=0.532), and no significant difference was seen between sexes (p=0.983),
Table 4-12. The Friedman test showed no significant effect of taping for peak internal
rotation moments for males and females (p=0.670, p=0.905), respectively, Table 4-13.
In addition, the Mann-Whitney U-tests showed no significant difference between sexes

for peak internal rotation moments (p=0.174).
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Table 4-12 Mean (SD) and repeated measures ANOVA for peak hip moments in the sagittal, coronal, and transverse plane.

Hip Moments Males (n=10) Females (n=10) P-value (npz,
(Nm/kg)? NT KTT KTNT NT KTT KTNT Tape effect Sex effect
Peak extension 2.58 (0.70) 2.58(0.57) 2.55(0.57) | 1.86(0.51) 1.96(0.50)  2.07(0.57) | 0.450(0.043) 0.022* (0.258)
Peak flexion -1.02 (0.55) -0.93(0.45) -0.92(0.37) | -1.06 (0.38) -0.97 (0.26)  -1.00(0.32) | 0.102 (0.131) 0.760 (0.005)
Peak external rotation | 0.60(0.28) 0.62(0.31) 0.59(0.33) | 0.59(0.15) 0.61(0.16)  0.61(0.21) | 0.532(0.034) 0.983 (<0.001)

* Significant main effect at the 0.05 level.

2 Positive value indicate hip extension/abduction/external rotation and negative values indicate hip flexion/adduction/internal rotation.
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Table 4-13 Median (Q1, Q3) and Freidman test results of peak hip moments in the sagittal, coronal, and transverse plane.

Males (n=10) Females (n=10) P-value (W)
Hip Moments
Tape effect  Tape effect
(Nm/kg)? NT KTT KTNT NT KTT KTNT

for Males for Females

Peak abduction 2.10 2.03 2.04 1.85 1.73 1.90 0.741 0.905

(1.58,2.29)  (1.44,2.28)  (1.21,2.31) | (1.39,2.12)  (1.50,2.04)  (1.40,2.13) (0.030) (0.010)

Peak adduction -0.32 -0.32 -0.29 -0.33 -0.32 -0.32 0.905 0.741

(-0.79,-0.26) (-0.77,-0.20) (-0.74,-0.21) | (-0.42,-0.15) (-0.42,-0.13) (-0.42,-0.16) (0.010) (0.030)

Peak internal rotation -0.12 -0.07 -0.08 -0.06 -0.08 -0.10 0.670 0.905

(-0.36/-0.04) (-0.28/-0.04) (-0.32/-0.05) | (-0.11/-0.02) (-0.13/-0.01) (-0.18/-0.01) (0.040) (0.010)

2 Positive value indicate hip extension/abduction/external rotation and negative values indicate hip flexion/adduction/internal rotation.
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Table 4-14 Pairwise comparison for sex differences of hip moments.

) 95% Confidence Interval for
Hip Moments | Mean Difference

P-Value Difference
(Nm/kg) (Females vs
Males) Lower Bound Upper Bound
Peak extension -0.61 0.022* -1.11 -0.10

* Significant difference at the 0.05 level.
Positive values indicate a greater hip extension moment in the females when

compared with the males.

436 Knee Moments Data

The Shapiro-Wilk test demonstrated a normal data distribution in almost all parameters
except peak knee adduction moments, and peak knee external rotation moments. The
descriptive statistics for peak knee moments in sagittal, coronal, and transverse planes
can be seen in Table 4-15 and Table 4-16. The RM ANOVA results showed no significant
interactions between sex and taping conditions for any knee moment parameters

(p>0.05).

4.3.6.1 Sagittal Plane Knee Moments

The RM ANOVA result indicated that there was a significant effect of taping on peak
knee flexion moments (p=0.012, n,?=0.219), Table 4-15, Row 2. The LSD post hoc tests
showed significant lesser the peak knee flexion moments in the KTNT condition
compared to the NT condition (p=0.010), and lesser moments in the KTNT condition
compared to the KTT condition (p=0.027). No significant difference was observed
between the NT and KTT conditions (p=0.323), Table 4-17. Figure 4-9 presents the
comparison of mean and standard deviation peak knee flexion moments under the
different taping conditions. Figure 4-10 presents the knee flexion/extension moments
time series graph under the three taping conditions. In addition, the RM ANOVA showed
no significant effect of taping for the peak knee extension moments (p=0.736), and no
significant differences between sexes for peak knee extension moments (p=0.612) and

peak knee flexion moments (p=0.267), Table 4-15.
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4.3.6.2 Coronal Plane Knee Moments

The RM ANOVA showed no significant effect of taping for the peak knee abduction
moments (p=0.741). However, there was a significant difference for sex differences of
the peak knee abduction moment (p=0.048, n,?=0.201), the Table 4-15. The pairwise
comparison for sex showed that males had a significantly greater a peak knee abduction

moment compared to females, Table 4-18.

The Friedman test showed no a significant effect of taping for peak knee adduction
moments for both males and females (p=0.741, p=0.905), respectively, Table 4-16. The
Mann-Whitney U-tests showed that there was not a significant difference between

sexes for knee adduction moments (p=0.406).

4.3.6.3 Transverse Plane Knee Moments

The RM ANOVA demonstrated that no a significant effect of taping for peak knee
internal rotation moments (p=0.975), and no significant differences were seen between

the sexes for peak knee internal rotation moments (p=0.965), Table 4-15.

The Friedman test showed no significant effect of taping for the peak knee external
rotation moments for both males and females (p=0.670, p=0.122), respectively, Table
4-16. The Mann-Whitney U-tests showed that no significant difference between the

sexes for the peak knee external rotation moments (p=0.762).
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Table 4-15 Mean (SD) and repeated measures ANOVA for peak knee moments in the sagittal, coronal, and transverse plane.

Knee Moments Males (n=10) Females (n=10) P-value (ny?)
(Nm/kg)? NT KTT KTNT NT KTT KTNT Tape effect Sex effect
Peak extension 2.87(0.78) 2.92(0.76) 2.83(0.68) | 2.73(0.25) 2.74(0.37) 2.76(0.33) | 0.736(0.017) 0.612 (0.015)
Peak flexiont* -0.33(0.16) -0.29(0.17) -0.24(0.17) | -0.20(0.18) -0.21(0.21) -0.18(0.19) | 0.012* (0.219) 0.267 (0.068)
Peak abduction 0.53(0.27) 0.52(0.27) 0.52(0.28) | 0.29(0.18) 0.33(0.17) 0.31(0.17) | 0.741(0.011) 0.048* (0.201)
Peak internal rotation -0.41 (0.24) -0.42(0.28) -0.42(0.29) | -0.42 (0.14) -0.41(0.11) -0.41(0.16) | 0.975(0.001) 0.965 (<0.001)

* Significant main effect at the 0.05 level.

Tindicates a significant difference between NT and KTT.

t indicates a significant difference between NT and KTNT.

¥ indicates a significant difference between KTT and KTNT.

2 Positive values indicate knee extension/abduction/external rotation and negative values indicate knee flexion/adduction/internal rotation.
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Table 4-16 Median (Q1, Q3) and Freidman test for peak knee moments in the sagittal, coronal, and transverse plane.

Males (n=10) Females (n=10) P-value (W)
Knee Moments
Tape effect Tape effect
(Nm/kg)? NT KTT KTNT NT KTT KTNT

for Males for Females

Peak adduction -0.15 -0.15 -0.18 -0.21 -0.20 -0.17 0.741 0.905

(-0.30,-0.11) (-0.42,-0.09) (-0.33,-0.10) | (-0.32,-0.13) (-0.27,-0.13) (-0.23,-0.14) (0.030) (0.010)

Peak external rotation 0.04 0.04 0.03 0.04 0.03 0.04 0.670 0.122

(0.02,0.13) (0.01,0.12) (0.01, 0.13) (0.01, 0.05) (0.01, 0.10) (0.02, 0.06) (0.040) (0.210)

2 Positive values indicate knee extension/abduction/external rotation and negative values indicate knee flexion/adduction/internal rotation.
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Table 4-17 Pairwise comparisons for peak knee flexion moments.

Peak knee 95% Confidence Interval for
Mean
flexion moments P-value Difference
Difference
(Nm/kg) Lower Bound Upper Bound
KTT vs NT 0.02 0.323 -0.02 0.06
KTNT vs NT 0.05 0.010* 0.02 0.09
KTT vs KTNT -0.04 0.027* -0.07 -0.01

* Significant difference at the 0.05 level.

Negative values indicate a greater knee flexion moment in the first condition when

compared with the second condition.

NT KTNT

Knee moments (Nm/kg)

*p=0.027

* p=0.010

-0.7

Figure 4-9 Comparisons of mean (SD) for peak knee flexion moments under the three

taping conditions (* represents a significant difference at the 0.05 level).
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Figure 4-10 Time series graph for knee flexion/extension moments

under the three taping conditions. (Positive values indicate knee extension and

negative values indicate knee flexion).

Table 4-18 Pairwise comparison for sex differences of knee moments.

Knee 95% Confidence Interval for
Mean Difference
Moments P-value Difference
(Females vs Males)
(Nm/kg) Lower Bound Upper Bound
Peak -0.212 0.048* -0.42 -0.002
abduction

* Significant difference at the 0.05 level.

Positive values indicate a greater knee abduction moment in the females when

compared with the males.

4.3.7 Average Electromyography Data

The Shapiro-Wilk test demonstrated a normal data distribution in almost all parameters

except average EMG for Gmed and VM. The descriptive statistics for average EMG can

be seen in Table 4-19 and Table 4-20. The RM ANOVA results showed no significant

interactions between sex and taping conditions for any average EMG parameters

(p>0.05).
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The RM ANOVA showed a significant effect of taping for average EMG for Gmax
(p=0.003, ny?=0.275) and TFL (p=0.042, ny?=0.178). The LSD post hoc tests showed
average Gmax EMG exhibited a significantly decrease in the KTNT condition compared
to the NT condition (p=0.004). There was no significant difference between the KTT and
NT conditions (p=0.075), or the KTT and KTNT conditions (p=0.054) (Table 4-21). Figure
4-11 presents the comparison of mean and standard deviation for the average
normalised EMG for Gmax under the three taping conditions. Figure 4-12 presents the
normalised Gmax EMG signals time series graph under the three taping conditions. The
average TFL EMG demonstrated a significantly decrease in the KTT condition compared
to the NT condition (p=0.005). There was no significant difference between the KTNT
and NT conditions (p=0.399), or the KTT and KTNT conditions (p=0.057), Table 4-22.
Figure 4-13 presents the comparison of mean and standard deviation for the average
normalised EMG for TFL under the three taping conditions. Figure 4-14 presents the
normalised TFL EMG signals time series graph under the three taping conditions
However, the RM ANOVA showed that there was not a significant difference in the
average VL EMG (p=0.173). In addition, no significant differences between sexes for

average EMG for Gmax (p=0.799), TFL (p=0.937), and VL (p=0.751), Table 4-19.

The Friedman test demonstrated that no a significant effect of taping for average Gmed
EMG for both males and females (p=0.905, p=0.741) and the average VM EMG for both
males and females (p=0.273, p=0.150), Table 4-20. The Mann-Whitney U-tests showed
that there was not a significant difference for sex differences for average Gmed EMG

(p=0.821) and the average VM EMG (p=0.940).

126



Table 4-19 Mean (SD) and repeated measures ANOVA for normalised values from average EMG signal analysis in each group during stance phase.

Average Males (n=10) Females (n=10) P-value (ny?)
Normalised NT KTT KTNT NT KTT KTNT Tape effect Sex effect
EMG
Gmaxt 0.119(0.032) 0.100 (0.025) 0.099 (0.033) | 0.122 (0.033) 0.116 (0.055)  0.091 (0.040) | 0.003* (0.275)  0.799 (0.004)
TFLt 0.115(0.041) 0.098 (0.033) 0.108 (0.033) | 0.119(0.047) 0.097 (0.042) 0.110(0.054) | 0.042* (0.178) 0.937 (<0.001)
VL 0.083 (0.022) 0.091 (0.031) 0.084 (0.027) | 0.076 (0.041) 0.089 (0.038) 0.081(0.039) | 0.173(0.093)  0.751 (0.006)

* Significant main effect at the 0.05 level. Normalised to 1 which represents the maximum observed signal.

Tindicates a significant difference between NT and KTT.

t indicates a significant difference between NT and KTNT.

¥indicates a significant difference between KTT and KTNT.
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Table 4-20 Median (Q1, Q3) and Friedman test for normalised values from average EMG signal analysis in each group during stance phase.

Average Males (n=10) Females (n=10) P-value (W)
Normalised NT KTT KTNT NT KTT KTNT Tape effect Tape effect
EMG for Males for Females
Gmed 0.112 0.102 0.105 0.128 0.115 0.110
0.905 (0.010) 0.741(0.030)
(0.087,0.143) (0.079,0.112) (0.068,0.126) | (0.078,0.148) (0.089,0.132) (0.089, 0.134)
VM 0.103 0.098 0.094 0.113 0.094 0.099

(0.087, 0.128)

(0.078, 0.126)

(0.079, 0.129)

(0.079, 0.143)

(0.076, 0.114)

(0.081, 0.112)

0.273(0.130)  0.150(0.190)

Normalised to 1 which represents the maximum observed signal.
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Table 4-21 Pairwise comparisons of average EMG for Gmax.

Average 95% Confidence Interval for
Mean
Normalised P-value Difference
Difference
EMG for Gmax Lower Bound Upper Bound
KTT vs NT -0.013 0.075 -0.027 0.001
KTNT vs NT -0.026 0.004* -0.042 -0.009
KTT vs KTNT 0.013 0.054 0 0.026

* Significant difference at the 0.05 level.

Normalised to 1 which represents the maximum observed signal.

0.18

0.16

0.14

0.12

Average EMG (Normalised to 1)
)

l * p =0.004 l

NT KTT KTNT

Figure 4-11 Comparisons of mean (SD) for average normalised EMG for Gmax

under the three taping conditions (* represents a significant difference at the 0.05

level, Normalised to 1 which represents the maximum observed signal).
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Figure 4-12 Time series graph for normalised EMG signals for Gmax under the three

taping conditions. Normalised to 1 which represents the maximum observed signal.

Table 4-22 Pairwise comparisons of average EMG for TFL.

Average 95% Confidence Interval for
Mean
Normalised P-value Difference
Difference
EMG for TFL Lower Bound Upper Bound
KTT vs NT -0.019 0.005* -0.032 -0.006
KTNT vs NT -0.007 0.399 -0.025 0.011
KTT vs KTNT -0.012 0.057 -0.024 0

* Significant difference at the 0.05 level.

Normalised to 1 which represents the maximum observed signal.
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Figure 4-13 Comparison of mean (SD) for average normalised EMG for TFL
under the three taping conditions (* represents a significant difference at the 0.05

level, Normalised to 1 which represents the maximum observed signal).
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Figure 4-14 Time series graph for normalised EMG signals for TFL under the three

taping conditions. Normalised to 1 which represents the maximum observed signal.
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4.3.8 Peak Electromyography Data

The Shapiro-Wilk test demonstrated all peak EMG parameters were normal data
distribution. The descriptive statistics for peak EMG can be seen in Table 4-23. The RM
ANOVA results showed no significant interactions between sex and taping conditions for

any peak EMG parameters (p>0.05).

The RM ANOVA showed a significant effect of taping for peak EMG for Gmax (p=0.007,
Ne>=0.240). The LSD post hoc tests showed a significantly lesser for peak Gmax EMG in
the KTNT condition compared to the NT condition (p=0.007), and lesser in the KTNT
condition compared to the KTT condition (p=0.033). No significant difference was
observed between the NT and KTT conditions (p=0.137), Table 4-24. Figure 4-15
presents mean and standard deviation for the peak EMG for Gmax under the three
taping conditions. In addition, the RM ANOVA demonstrated no a significant difference
the effect of taping for the peak EMG for Gmed, TFL, VM and VL (p=0.321, p=0.446,
p=0.494, p=0.120), respectively, Table 4-23. There was no significant difference between
sexes for peak EMG for Gmax (p=0.686), Gmed (p=0.820), TFL (p=0.996), VM (p=0.810)
and VL (p=0.348), as shown in Table 4-23.
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Table 4-23 Mean (SD) and repeated measures ANOVA for normalised values from peak EMG signal analysis in each group during stance phase.

Peak Males (n=10) Females (n=10) P-value (npz)
Normalised NT KTT KTNT NT KTT KTNT Tape effect Sex effect
EMG
Gmaxt¥ 0.615(0.097) 0.528 (0.126) 0.521(0.138) | 0.608 (0.086) 0.562 (0.170)  0.449 (0.128) | 0.007* (0.240) 0.686 (0.009)
Gmed 0.631(0.080) 0.587(0.160) 0.613(0.151) | 0.641(0.115) 0.578 (0.177)  0.642 (0.127) | 0.321(0.059)  0.820 (0.003)
TFL 0.560(0.196) 0.531(0.164) 0.545(0.152) | 0.590(0.113) 0.512(0.224)  0.536 (0.184) | 0.446 (0.044) 0.996 (<0.001)
VM 0.653 (0.113) 0.620(0.098) 0.633(0.091) | 0.652 (0.117) 0.596 (0.169) 0.628 (0.181) | 0.494(0.038)  0.810 (0.003)
VL 0.535(0.098) 0.624 (0.179) 0.608 (0.160) | 0.475(0.246)  0.584 (0.164)  0.549 (0.166) | 0.120(0.111)  0.348 (0.049)

* Significant main effect at the 0.05 level. Normalised to 1 which represents the maximum observed signal.

Tindicates a significant difference between NT and KTT.

t indicates a significant difference between NT and KTNT.

¥ indicates a significant difference between KTT and KTNT.
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Table 4-24 Pairwise comparisons of peak EMG for Gmax.

Peak 95% Confidence Interval for
Mean
Normalised P-value Difference
Difference
EMG for Gmax Lower Bound Upper Bound

KTT vs NT -0.067 0.137 -0.158 0.024
KTNT vs NT -0.126 0.007* -0.213 -0.04
KTT vs KTNT 0.059 0.033* 0.005 0.113

* Significant difference at the 0.05 level.

Normalised to 1 which represents the maximum observed signal.
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* p=0.033
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Figure 4-15 Comparison of mean (SD) for peak EMG for Gmax under the three taping

conditions (* represents a significant difference at the 0.05 level,

Normalised to 1 which represents the maximum observed signal).
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439 Perceived comfort, stability of the knee joint, and running performance

outcomes

There was a 1to 7 score in each Likert scale questionnaire to show the rating after taping
in the KTT and KTNT conditions compared to the NT condition, including feeling of
comfort, feeling of knee joint stability, and feeling of benefits to running performance
(1 = strongly disagree, 2 = disagree, 3 = slightly disagree, 4 = neutral, 5 = slightly agree,

6 = agree, 7 = strongly agree).

4.3.9.1 Comfort Scores

The number of participants for each comfort score category for the KTT and KTNT
conditions is shown in Figure 4-16. Ten participants indicated a clinically important
change (+2 or greater) when using KTT, and thirteen when using the KTNT, with the

remainder indicating no clinically important change (between -1 and +1).

BKTT
m KTNT
12

10

-2 -1 0 1 2 3

Figure 4-16 Number of participants in each comfort score category in KTT and KTNT

Number of participants
IS o

N

taping conditions compared to NT condition. A score of 3 represents strongly agree,
0 represents neutral and -3 represents strongly disagree. The question asked was

“Do you think this kinesio tape is comfortable compared to pre-tape?”.
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4.3.9.2 Stability Scores

The number of participants for each stability score category for the KTT and KTNT
conditions is shown in Figure 4-17. Six participants indicated a clinically important
change (+2 or greater) when using both KTT and KTNT, with the remainder indicating no

clinically important change (between -1 and +1).
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Figure 4-17 Number of participants in each stability score category in KTT and KTNT
taping conditions compared to NT condition. A score of 3 represents strongly agree,
0 represents neutral and -3 represents strongly disagree. The question asked was

“Do you think this kinesio tape helps the stability of your knee compared to pre-tape?”
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4.3.9.3 Running Performance Scores

The number of participants for each running performance score category for the KTT
and KTNT conditions is shown in Figure 4-18. Seven participants indicated a clinically
important change (+2 or greater) when using KTT and KTNT, with the remainder in the
KTNT indicating no clinically important change (between -1 and +1), with 2 in the KTT

reporting a clinically important negative effect on performance.
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Figure 4-18 Number of participants in each running performance score category in
KTT and KTNT taping conditions compared to NT condition. A score of 3 represents
strongly agree, 0 represents neutral and -3 represents strongly disagree.

The question asked was “Do you think this kinesio tape offers benefits to your

running performance compared to pre-tape?”.
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4.4 Discussion

The main aim of this thesis was the exploration of the efficacy and short-term
effectiveness of KT with and without tension on runners with ITBS. However, it was first
important to understand how KT effects the running biomechanics in healthy runners to
inform the further exploration in individuals with ITBS. The aim of the study in healthy
participants was to investigate the immediate effects of KT on biomechanics, muscle

activity, and perceived benefits.

The summary findings indicated that the KT significantly increased the peak hip external
rotation angle, peak hip flexion angle, peak hip abduction angle, and peak knee flexion
angle during the stance phase of running. There was a significant decrease in peak knee
flexion moments. Additionally, peak hip internal rotation and adduction angle in the KTT
condition showed a trend towards a decrease compared to the NT condition. In addition,
there was a significant decrease in average TFL muscle activity, and average and peak
Gmax muscle activity. No participants reported any negative important changes in
comfort perception and knee joint stability; however, two participants reported an

important negative effect on running performance after using KTT.

4.4.1 The effect of KT on Transverse Plane Hip Kinematics and Moments

The changes seen in the hip in the transverse plane under the KTT condition in this study
are particularly interesting. The transverse plane hip kinematics may be considered an
important parameter as previous studies have reported that individuals with ITBS have
an increased hip internal rotation angle during stance phase which can shorten the ITB
(Noehren et al., 2014). Therefore, an increase in peak hip external rotation angle under
the KTT condition could help to increase the hip external rotation and reduce the hip
internal rotation during the stance phase of running in individuals with ITBS. A greater
peak hip external rotation angle was seen in the KTT compared to the NT and the KTNT
conditions, however no significant differences were seen between the KTNT and NT
conditions. In addition, there was no significant difference in peak hip external and
internal rotation moments immediately post taping compared to pre-taping. These
results supported the thesis hypothesis and can imply that the increase in peak hip

external rotation angle is due to the tension applied to the KT. From the literature review
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and to the author’s knowledge, there is no research exploring the effect of KT on the
biomechanics associated with the ITB in runners. However, there is previous research
that investigated both rigid and KT taping in healthy participants which showed
agreement with this current study with an increase in hip external rotation or decrease
in the hip internal rotation (Masters et al., 2018, Song et al., 2015, Song et al., 2017),
and no significant difference was detected on peak hip moments in hip transverse plane

between KT and NT during running trials (Howe et al., 2015).

When considering the KT method in this study that increase hip external rotation angle,
peak hip internal rotation angle should have a significant decrease after taping with
tension. However, there was not a significant difference after taping with tension or
without tension. Although this was not seen a significant decreased peak hip internal
rotation angle in the KTT compared to the NT condition; in the UK healthy participants,
the KTT condition showed a trend towards a decrease with 21% less internal rotation
compared to the NT condition. These findings are in contrast with Masters et al. (2018)
who used a rigid hip taping technique that consisted of abduction and external rotation
components on a cohort of healthy runners. They found that hip taping exhibited a
significant decrease in the hip internal rotation angles in the stance phase compared to
both sham and no tape conditions. Similarly, Song et al. (2015) and Song et al. (2017)
found no significant decrease in peak hip internal rotation angle after taping compared
to the NT condition in healthy control participants. When considering the KT technique
used by Song et al (2015, 2017), they used one line of KT to increase hip external rotation
with a 20% stretch in the KT, whereas the present study used two lines with 50-75%
stretch in the KT. It has been suggested that the somatosensory stimulations vary
depending on the amount of tension applied to the tape which may help to explain these

differences between the present findings and Song et al (2015, 2017).

4.4.2 The effect of KT on TFL Muscle Activity

The TFL muscle activation should be considered as a key finding as previous studies have
shown that the TFL muscle activation in runners with ITBS was greater compared to
healthy controls during running (Baker et al., 2018), and they advised using this finding

to support treatments which could modify TFL muscle activity. Based on the anatomy
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that ITB is a lateral fascia which is formed by the tensor fascia latae and gluteus maximus
muscles, unusual tension of the ITB may be related to increased activation of the TFL
muscle (Stecco et al., 2013), and rapid rate of loading of the ITB (Hamill et al., 2008,
Meardon et al., 2012). The TFL muscle has various functions comprising of hip abduction,
flexion and internal rotation (Richard et al., 2009). Therefore, the tightness in the TFL
can cause an increase in the hip internal rotation angle in running (Noehren et al., 2014).
The results demonstrated that the average TFL muscle activity was significantly lower in
the KTT condition compared to the NT condition, but no significant differences between

the KTNT and NT conditions or the KTT and KTNT conditions were seen.

The reduction in TFL muscle activity may be associated with the increase in the hip
external rotation angle as the TFL function has been associated with hip internal rotation
(Besomi et al., 2020). One explanation for the effect of KT with tension to facilitate hip
external rotation is somatosensory stimulation. A larger surface area for the
proprioceptive effect of the tape as the hip externally rotates during running may
provide cutaneous stimulation leading to a change in movement strategy (Nakajima and
Baldridge, 2013). This is supported by Yeung and Yeung (2016) who proposed that KT
may stimulate skin mechanoreceptors, increase motor unit excitability and elicit a
muscle spindle reflex through a recoil effect. Additionally, they proposed that the KT
pulling force may also stretch the Golgi tendon organs if the directions of the pull and
the muscle contraction are in opposite directions. In this case, KT may inhibit TFL muscle
activity leading to an increase in hip external rotation movement (Akbas et al., 2011).
However, the underlying mechanism of KT in this study warrants further investigation in

runners with ITBS.

4.4.3 The effect of KT on Coronal Plane Hip Kinematics and Moments

For the coronal plane hip kinematics, the effect of the KT was hypothesised to reduce
the peak hip adduction angle and also increase the peak hip abduction angle. There was
a significant increase in peak hip abduction angle in the KTT compared to the NT
condition. Similarly, Tsai et al. (2020) showed significantly increased hip abduction angle
at the instant of the maximal vertical ground reaction force when using KT for correction
hip compared to NT during lay-up jump.
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A greater peak hip adduction angle has been reported in people with ITBS when
compared to healthy controls (Grau et al., 2011, Ferber et al., 2010b, Noehren et al.,
2007). However, no significant differences in the peak hip adduction angle were
observed, although KTT condition showed a trend towards a decrease of approximately
7.2%. This trend supports the findings of Masters et al. (2018) who investigated hip
taping in asymptomatic runners and showed a significant decrease in the hip adduction
angles throughout the stance phase of running when compared to sham and no taping.
However, no significant difference was observed in the peak hip abduction and
adduction moments immediately post-taping compared to pre-taping. This was
supported by Howe et al. (2015) who showed no significant difference on peak hip

moments in hip coronal plane between KT and NT during running trials.

4.4.4 The effect of KT on Gmed Muscle Activity

Associated with an increase in hip adduction angle in runners with ITBS, there would
potentially be a greater eccentric demand on the hip abductors muscle and associated
increase in Gmed muscle activity (Baker et al., 2018, Foch et al., 2020). The KT technique
used in this study may help to reduce the hip adduction angle, and may help to decrease
Gmed muscle activity after taping. However, there was no significant effect of taping in
the peak hip adduction angle or any associated changes in Gmed muscle activity. This is
consistent with Silva et al. (2021) who showed that KT did not change Gmed muscle
activation in single-leg squat, drop landing, and jump landing movements compared to
the NT condition. Similarly, Song et al. (2015) showed healthy participants who used
femoral rotational KT showed no significant differences in Gmed muscle activity

compared to the NT condition during a single-leg squat task.

4.45 The effect of KT on Hip Sagittal Plane Kinematics and Moments

For the peak hip flexion angle, the result showed a significantly greater peak hip flexion
angle in KTT and KTNT compared to the NT condition, the greater peak hip flexion angle
in the KTT and KTNT conditions. This finding is in contrast to a previous study by Howe
et al. (2015) which showed no significant differences in peak hip flexion between KT and
NT conditions. The differences in outcomes between the present study and Howe et al.

(2015) could potentially be explained by the taping techniques used. Howe et al. (2015)
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used a vastus medialis facilitation and medial patellar glide KT technique around the
knee joint and did not continue proximally. Nevertheless, no significant difference was
observed in the peak hip extension and flexion moments immediately post-taping
compared to pre-taping. Similarly, Howe et al. (2015) who indicated no significant
difference on peak hip moments in hip sagittal plane between KT and NT during running

trials.

4.4.6 The effect of KT on Gmax Muscle Activity

The Gmax muscle activity showed a significant decrease in the average and peak Gmax
muscle activity in the KTNT compared to both the NT and KTT conditions, but no
significant differences were seen between KTT and NT conditions. The results was in
contrast to Song et al. (2015) who found no significant differences in Gmax muscle
activity in healthy participants when using femoral rotational KT. In addition, Briem et
al. (2011) examined the effect of rigid adhesive tape and KT compared to a NT condition
on muscle activity of the peroneus longus during a sudden inversion perturbation in
male athletes. They found that rigid tape showed a significantly greater average Gmax
muscle activity, while KT had no significant effect on peak or average Gmax muscle
activity when compared with no tape for both stable and unstable conditions. However,
the present studies on healthy participants indicated that the KT application appears to
change the muscle activity which may help to improve hip flexion or extension
movement and decrease the load in the muscle. This is consistent with Watanabe (2019)
who showed that the application of KT can decrease neuromuscular activation of the
knee extensor muscles, however, there was a difference between the present study and
Watanabe (2019) as they applied KT on the skin directly over the knee extensor muscles,

whereas the present study applied KT on the thigh.

4.47 The effect of KT on Knee Kinematics and Moments

When considering the effect of taping on peak knee flexion angle, there was a
significantly greater knee flexion in the KTNT condition compared to the NT condition.
This finding is in contrast to previous studies that demonstrated no significant difference
in the peak knee flexion angle after KT with and without tension, this may potentially be

due to the differences in the taping techniques used (Song et al., 2015, Song et al., 2017).
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For the peak knee flexion moments, the result showed a significant decrease in the peak
knee flexion moments in the KTNT condition compared to the NT condition and lower
moments in the KTNT condition compared to the KTT condition. The result of peak knee
flexion angle above showed that there was significantly greater knee flexion in the KTNT
condition compared to the NT condition. The lower moments might be linked to a
decrease in the patellofemoral joint loads and a decrease risk of developing PFP (Teng
et al., 2015), which is in contrast to a systematic review that concluded that KT does not
offer any enhanced functional benefit over taping without tension (Parreira Pdo et al.,
2014). However, the principal mechanism of the perceived taping effects in this study
are likely multifactorial and need further investigation within different patient

populations.

Peak knee internal rotation angle is an important parameter that previous studies
showed, with ITBFS patients demonstrating an increase in knee internal rotation
compared to healthy controls group (Noehren et al., 2007, Baker and Fredericson, 2016,
Shen et al., 2019). However, no significant difference was seen in the effect of KT on this
parameter in present study and previous studies did not demonstrate the effect of KT
on peak knee internal rotation angle (Song et al., 2015, Song et al., 2017). This may be

due to investigate in healthy participants or taping technique.

4.4.8 Sexdifferences in Running Biomechanics

Previous research examining sex differences in running biomechanics have reported a
difference between healthy male and female runners (Ferber et al., 2003, Nigg et al.,
2012). Several studies have reported greater peak hip adduction, hip internal rotation
and knee abduction angles in healthy female runners when compared with male runners
(Phinyomark et al., 2014, Phinyomark et al., 2015, Chumanov et al., 2008). In the current
studies, females demonstrated a significantly greater peak hip adduction angle, coronal
plane hip ROM, peak knee abduction angle, and a trend towards greater peak hip
internal rotation, whilst males demonstrated a significantly greater peak hip extension

moment and a greater peak knee abduction moment.
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This result is in support of Ferber et al. (2003) who reported that healthy women exhibit
greater hip internal rotation and peak hip adduction angle during running compared to
men. Noehren et al. (2014) indicated that runners with ITBS have an increased hip
internal rotation angle compared to control healthy runners. Therefore, the results of
the present study imply that females may have a greater risk of ITBS to males (Taunton
et al., 2002b), which may result in a greater load in the ITB and subsequently lead to
ITBS (Charles and Rodgers, 2020).

4.49 Perception of Comfort, Joint Stability, and Running Performance

The comfort, joint stability, and running performance are factors to consider when
applying taping techniques as these should be comfortable, and not interfere with joint
stability or running performance. If taping is uncomfortable, causes the perception of
joint instability, or impairs athletic performance it may cause more drawbacks than
benefits and will adversely affect adherence. Therefore, we need to assess comfort,

knee stability and running performance when using such techniques.

The result of the Likert scale questionnaire showed that 50% of the total participants (10
out of 20 participants) indicated a clinically important change (+2 or greater) when using
KTT, and 13 participants when using the KTNT, with no participant reporting any
negative changes in comfort perception in the KTT condition. For perception of stability
of the knee joint, 30% of the total participants (6 out of 20 participants) indicated a
clinically important change when using both KTT and KTNT. There was no participant
reported any negative changes in perception of stability of the knee joint in the KTT and
KTNT conditions. For perception of benefit to running performance, 35% of the total
participants (7 out of 20 participants) indicated a clinically important change when using
both KTT and KTNT, with 2 participants reporting negative changes in perception of

benefit to running performance in the KTT condition.

To the author’s knowledge, no research reported perceived comfort, knee stability and
running performance in ITBS when using taping or KT. In addition, there are a limited
number of studies that have reported perceived comfort, knee stability and running

performance when using KT. However, previous studies demonstrated the perceived
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comfort, joint stability and running performance when using taping or bracing. The
present study is consistent with Hébert-Losier et al. (2019) who demonstrated that most
elite cyclists perceive KTT to be comfortable, increase knee stability, and improve
performance. Similarly, Abian-Vicén et al. (2009) studied the perception of comfort
using a scale from zero (minimum) to ten (maximum) in elastic versus inelastic
prophylactic ankle taping techniques in twenty-seven young women. The results of their
study found that elastic taping was shown to be comfortable with comfort scores of 7.8,
while inelastic taping had a comfort score of 5.1. This supports a greater perception of
comfort when using elastic taping when compared to inelastic taping. Additionally, the
present studies are consistent with Long et al. (2017) who investigated the effects of KT
and rigid taping on ankle proprioception through perceived comfort, perceived support
and perceived proprioceptive performance whilst wearing the two forms of taping. The
result showed that participants were very comfortable, perceived support, and were
confident about their proprioceptive performance when either KT or rigid taping was
applied. These results support the findings of the present study which reported that the
majority of participants perceived KTT to be comfortable, with some perceiving

improved stability and running performance.

A limitation within this study was the sampling frequency of the kinematics which was
set to 100 Hz. Although this is in line with previous studies (Shen et al., 2019, Pelletier
et al.,, 2019) a higher sampling frequency may provide greater detail in both the
kinematic and moment data. Furthermore, the length of habituation to the different
conditions of taping may have influenced the perception of participants to kinesio tape,
with longer term perceived effects still needing to be explored in the future. This current
work considered running at a comfortable speed, and although no differences were seen
between speeds, the use of a controlled running speed between conditions may reveal
other subtle changes in biomechanics not observed in this current study. Additionally,
this study only investigated the effect of tape on the dominant limb so the effects on

the non-dominant limb also require further investigation.
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CHAPTERS THE IMMEDIATE EFFECTS OF KINESIO TAPING ON

RUNNING BIOMECHANICS, MUSCLE ACTIVITY, AND PERCEIVED

CHANGES IN COMFORT, STABILITY AND RUNNING PERFORMANCE

IN THAI HEALTHY RUNNERS

5.1 Introduction

This chapter, the second study of this thesis, was conducted on healthy participants in
Thailand to explore the effect of KT on running biomechanics compared to the UK
cohort. There were notable differences between the UK and Thai studies including the
motion analysis system, the sampling frequency used to collect the kinematic and
kinetic data, and the laboratory sizes. This data was collected from a Thai healthy
cohort using the same facilities as the participants with ITBS, which was the final study

within this thesis, see chapter 6.

5.2 Methods

5.2.1 Participants

Male and female healthy runners were recruited from running clubs and the staff and
student population at Mahidol University in Thailand. Thai healthy participants were
screened using the same inclusion and exclusion criteria as in the UK healthy study
(Chapter 4, section 4.2.1). This study used a Thai participant information sheet
(Appendix 8) and screening questionnaire to determine the safety or possible risks
associated with inclusion (PAR-Q+) (Appendix 9), a Thai healthy informed consent form

(Appendix 10), and a Thai Likert scale questionnaire (Appendix 11).

This study was approved by the ethics committee of the University of Central Lancashire

(STEMH 966) (see Appendix 6) and the Mahidol University Central Institutional Review
Board (MU-CIRB) (COA No.MU-CIRB 2019/224.1912) (see Appendix 12).
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5.2.2 Procedures

This study was conducted in the Movement Analysis Laboratory (Faculty of Physical
Therapy, Mahidol University, Nakhon Pathom, Thailand). The study design and
procedures of Thai healthy study used the same as the UK healthy study in Chapter 4,
section 4.2.2.-4.2.3.

Many of the methods relating to the technical and setup features were common
between the UK and Thai healthy studies which are covered in Chapter 3. These
included; the sSEMG equipment (Chapter 3, section 3.4.1), skin preparation for sSEMG
sensor placement (Chapter 3, section 3.4.2.1.1), marker placement (Chapter 3, section
3.4.2.1.2), taping Interventions (Chapter 3, section 3.4.2.2-3.4.2.3), Running biomechanics
test procedures, see section 3.4.2 for full details, perceived comfort, stability of the knee
joint, and running performance outcome questionnaires (Chapter 3, section 3.4.2.4.1),

data processing (Chapter 3, section 3.5), and data analysis (Chapter 4, section 4.2.4).

There were some differences in the equipment used between this study and the UK
healthy studied (see Chapter 3 for full description). In this study, a Vicon motion capture
system, sampling at 2000Hz were used to capture kinematics data, with two force
platforms sampling at 500Hz to acquire kinetic data. The size of the Thai laboratory was

16 m long compared to the 30 m laboratory used in the UK study.
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5.3 Results

5.3.1 Participants Characteristics

Twenty Thai healthy participants individuals consisting of ten males and ten females

participated in this study. Table 5-1 presents the descriptive statistics from the

participants.

Table 5-1 Participant demographics values are reported as Mean (SD) and ranges.

Mean (SD) Range
Age (year) 36 (6.77) 22 -45
Weight (kg) 63.5 (16.25) 38.75 - 88
Height (cm) 166.38 (11.49) 146.5 - 183
BMI (kg/m?) 22.51 (2.95) 18.05 — 26.76
Average running distance

28.8 (19.25) 10 - 80
per week (km)

5.3.2 Running Speed

The running speed was not normal distributed; therefore, the Friedman test was used
to analyse the running speed data among three taping conditions in each sex separately.
The Friedman test showed a significant difference of taping condition on running speed
for males (p=0.027, W=0.360) but there was no significant difference between taping

conditions on running speed for female (p=0.741).

The post-hoc Wilcoxon Signed Rank test demonstrated that males ran significantly faster
in KTNT condition compared to the NT condition (p=0.007). There was no significant
difference between the KTT and KTNT conditions (p=0.203), and between the KTT and
NT conditions (p=0.093). In addition, the Mann-Whitney U test showed no significant

difference between sexes for running speed (p=0.705).

5.3.3 Hip Kinematic Data

The Shapiro-Wilk test showed a normal data distribution in the majority of hip kinematic

parameters except sagittal and transverse plane hip ROM. The descriptive statistics for
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hip kinematics can be seen in the Table 5-2 and Table 5-3. The RM ANOVA results
showed no significant interactions between sex and taping conditions for any hip

kinematic parameters (p>0.05).

5.3.3.1 Sagittal Plane Hip Kinematics

The RM ANOVA showed a significant main effect for the taping condition for the peak
hip extension angle (p<0.001, ny?=0.365), Table 5-2, Row 2. The Least Significant
Difference (LSD) post hoc test showed a significantly greater peak hip extension angle in
both KTT and KTNT conditions compared to the NT condition (p<0.001, p=0.027),
respectively and a significantly greater angle in the KTT condition compared to the KTNT
condition (p=0.050), Table 5-4. Figure 5-1 presents the comparison of mean and
standard deviation for peak hip extension angle under the different taping conditions.
Figure 5-2 shows presents the hip flexion/extension angle time series graph under the

three taping conditions.

In addition, the RM ANOVA showed no significant main effect of sex for peak hip
extension angle (p=0.054). For peak hip flexion angle, there was no significant main
effect of taping (p=0.526), Table 5-2. However, there was a significant difference
between sexes for the peak hip flexion angle (p=0.019, n,2=0.271), with the pairwise
comparison showing females had a significantly greater peak hip flexion compared to

males, Table 5-5.

The Friedman test showed a significant difference between taping conditions for sagittal
plane hip ROM in females (p=0.002, W=0.610), but no significant difference for sagittal
plane hip ROM was seen in males (p=0.670), Table 5-3, Row 1. The Wilcoxon Signed
Rank test for sagittal plane hip ROM in females showed a significantly greater sagittal
plane hip ROM in both KTT and KTNT conditions compared to the NT condition (p=0.005,
p=0.022), respectively, but there was not a significant difference between the KTT
compared to the KTNT conditions (p=0.646), Table 5-6. Figure 5-3 presents comparison
of sagittal plane hip ROM for females under the three taping conditions. In addition, the
Mann-Whitney U-tests showed no significant difference between sexes for sagittal

plane hip ROM (p=0.406).
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5.3.3.2 Coronal Plane Hip Kinematics

The RM ANOVA demonstrated a significant main effect of taping condition for the
coronal plane hip ROM (p=0.004, ny?=0.263), Table 5-2, Row 5. The LSD post hoc test
demonstrated the KTT condition significantly increased coronal plane hip ROM
compared to the NT condition (p=0.002), and no significant difference was seen
between the KTNT and NT conditions (p=0.075), and between the KTT and KTNT
(p=0.110), Table 5-7. Figure 5-4 showed the comparison of mean and standard deviation

for coronal plane hip ROM under the different taping conditions.

In addition, the RM ANOVA showed no significant effect of taping on peak hip adduction
and abduction angle (p=0.955, p=0.054), respectively, Table 5-2. There was a significant
difference for sex differences on peak hip abduction angle (p=0.016, ny?=0.280). The
pairwise comparison for main sex effect showed that males had a significantly greater
peak hip abduction angle compared to females, Table 5-5. However, there was no
significant difference between sexes for the peak hip adduction angle (p=0.305) and the

coronal plane hip ROM (p=0.128), Table 5-2.

5.3.3.3 Transverse Plane Hip Kinematics

The RM ANOVA showed a significant main effect of taping for peak hip internal rotation
angle (p=0.021, np?=0.193) and peak hip external rotation angle (p=0.003, ny?=0.277),
Table 5-2, Row 6-7. The LSD post hoc tests showed the KTT condition significant decrease
in the peak hip internal rotation compared to NT condition (p=0.022). There was no
significant difference between the KTNT and NT conditions (p=0.119), or the KTT and
KTNT conditions (p=0.123) Table 5-8. Figure 5-5 showed the comparison of mean and
standard deviation for peak hip internal rotation angle under the different taping
conditions. The LSD post hoc tests demonstrated a significantly greater peak hip external
rotation angle in the KTT condition compared to NT and KTNT conditions (p=0.005 and
p=0.012), respectively. No significant difference was seen between the KTNT and NT
conditions (p=0.259), Table 5-9. Figure 5-6 showed the comparison of mean and
standard deviation for peak hip external rotation angle under the different taping
conditions, and Figure 5-7 demonstrates the hip internal rotation/external rotation

angle time series graph under the three taping conditions.
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In addition, there were significant differences between sexes for peak hip internal
rotation angle (p=0.001, ny?=0.480) and peak hip external rotation angle (p=0.001,
Ne>=0.445), Table 5-2. The pairwise comparison showed that females had a significantly
greater peak hip internal rotation angle compared to males, while males had a

significantly greater peak hip external rotation angle compared to females, Table 5-5.

The Friedman tests showed no significant difference for the transverse plane hip ROM
for males and females (p=0.273, p=0.407), respectively, Table 5-3. The Mann-Whitney
U-tests demonstrated no significant difference between sexes for the transverse plane

hip ROM (p=1.000).

151



Table 5-2 Mean (SD) and repeated measures ANOVA for peak hip angle and hip ROM in the sagittal, coronal and transverse plane.

Hip Kinematics Males (n=10) Females (n=10) P-value (ny?)
(degrees)® NT KTT KTNT NT KTT KTNT Tape effect Sex effect
Peak flexion 31.11 (6.64) 30.86(7.91) 31.15(7.26) | 38.41(5.77) 38.28(6.02) 39.03(5.87) | 0.526(0.035) 0.019* (0.271)
Peak extensiont:1#¥ -5.71 (4.53) -6.59 (4.48) -6.38 (4.46) -1.07 (4.94) -3.03 (4.67) -1.94(4.73) | <0.001*(0.365) 0.054 (0.191)
Peak adduction 8.84 (2.66) 8.70 (2.26) 8.67 (2.48) 9.79(3.09) 10.03(2.86) 10.16(3.23) | 0.955(0.003)  0.305 (0.058)
Peak abduction -2.42 (2.45)  -3.32(2.20)  -3.45(2.75) | 0.31(3.40) -0.19(2.97) 0.65(3.40) | 0.054 (0.150) 0.016* (0.280)
Coronal plane ROMt 11.26 (3.39) 12.03 (3.41) 12.12 (3.91) 9.48 (2.08) 10.21(2.20) 9.51(2.10) | 0.004* (0.263) 0.128 (0.124)
Peak internal rotationt -2.86 (5.95) -4.50 (5.07) -4.18 (5.22) 5.39(4.25) 3.99(3.67) 5.31(5.36) | 0.021*(0.193) 0.001* (0.480)
Peak external rotationt* | -11.11 (6.14) -12.87 (4.86) -11.98 (4.65) | -2.29 (5.36) -4.16 (4.97) -2.56(6.43) | 0.003* (0.277) 0.001* (0.445)

* Significant main effect at the 0.05 level.

Tindicates a significant difference between NT and KTT.

t indicates a significant difference between NT and KTNT.

¥ indicates a significant difference between KTT and KTNT.

2 positive values indicate hip flexion/adduction/internal rotation and negative values indicate hip extension/abduction/external rotation.
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Table 5-3 Median (Q1, Q3) and Freidman test for peak hip angle and hip ROM in the sagittal, coronal and transverse plane.

Males (n=10) Females (n=10) P-value (W)
Hip Kinematics
Tape effect Tape effect
(degrees)? NT KTT KTNT NT KTT KTNT
for Male for Female
Sagittal plane ROM?‘:* 37.05 39.00 38.60 39.95 42.89 41.83

(31.26, 42.67)

(33.86,42.73)

(32.45, 43.43)

(38.41, 42.92)

(40.07, 43.70)

(38.42, 43.40)

0.670 (0.040) 0.002*(0.610)

Transverse plane ROM

7.05
(5.64, 10.37)

6.87
(5.52, 10.62)

6.56
(4.99, 10.46)

(5.20,9.54)

7.82

9.02
(6.49,9.61)

8.15
(5.96, 9.83)

0.273 (0.130) 0.407 (0.090)

* Significant difference at the 0.05 level.
Tindicates a significant difference between NT and KTT.
t indicates a significant difference between NT and KTNT.

¥ indicates a significant difference between KTT and KTNT.

2 positive values indicate hip flexion/adduction/internal rotation and negative values indicate hip extension/abduction/external rotation.
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Table 5-4 Pairwise comparisons for peak hip extension angle.

95% Confidence Interval for
Peak hip extension Mean
P-value Difference
(degrees) Difference
Lower Bound Upper Bound
KTT and NT -1.427 <0.001* -2.07 -0.78
KTNT and NT -0.77" 0.027* -1.45 -0.10
KTT and KTNT -0.65" 0.050* -1.30 -0.001

* Significant difference at the 0.05 level.

Y indicates a significant difference with a small change in magnitude (< 2 degrees), as an

error of 2 degrees or less as these are likely to be susceptible to clinical misinterpretation.

Negative values indicate a greater hip extension angle in the first condition when

compared with the second condition.

NT KTT KTNT
4
2
0 -
‘3‘ -2
g
oo -4
7]
o
-~ -6
Yy
[-V:]
c -8
m®
o
T 10 4 *p=<0.001 4
2 A *p=0.027 A
'14 N *p=0050 4
-16

Figure 5-1 Comparison of mean (SD) for peak hip extension angle under the three

taping conditions (* represents a significant difference at the 0.05 level).
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Figure 5-2 Time series graph for hip flexion/extension angle
under the three taping conditions (Positive values indicate hip flexion and negative

values indicate hip extension).

Table 5-5 Pairwise comparison for sex differences of hip kinematics.

95% Confidence Interval for

Hip kinematics Mean Difference
P-value Difference
(degrees) (Female vs Male)
Lower Bound Upper Bound

Peak flexion 7.53 0.019%* 1.41 13.66
Peak abduction 3.32 0.016* 0.68 5.96
Peak internal

8.75 0.001* 4.24 13.25
rotation
Peak external

8.98 0.001* 4.02 13.95

rotation

* Significant difference at the 0.05 level.

Positive values indicate a greater hip flexion and internal rotation angle in the females

when compared with the males.

Negative values indicate a greater hip abduction and external rotation angle in the

females when compared with the males.
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Table 5-6 Wilcoxon Signed Rank test for sagittal plane hip ROM for females.

Sagittal plane hip ROM
Median Difference P-value
for females (degrees)
KTT and NT 2.95 0.005*
KTNT and NT 1.897 0.022*
KTT and KTNT 1.06 0.646

* Significant difference at the 0.05 level.

Y indicates a significant difference with a small change in magnitude (< 2 degrees), as an
error of 2 degrees or less as these are likely to be susceptible to clinical misinterpretation.
Positive values indicate a greater sagittal plane hip ROM in the first condition when

compared with the second condition.
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Figure 5-3 Comparisons in sagittal plane hip ROM for females under the three taping

conditions (* represents a significant difference at the 0.05 level).
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Table 5-7 Pairwise comparisons for coronal plane hip ROM.

95% Confidence Interval for
Coronal plane hip Mean
P-value Difference
ROM (degrees) Difference
Lower Bound Upper Bound

KTT and NT 0.75" 0.002* 0.31 1.20
KTNT and NT 0.45 0.075 -0.05 0.95
KTT and KTNT 0.31 0.110 -0.08 0.69

* Significant difference at the 0.05 level.

Yindicates a significant difference with a small change in magnitude (< 2 degrees), as an
error of 2 degrees or less as these are likely to be susceptible to clinical misinterpretation.
Positive values indicate a greater coronal plane hip ROM in the first condition when

compared with the second condition.
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Figure 5-4 Comparison of mean (SD) for coronal plane hip ROM under the three

conditions (* represents a significant difference at the 0.05 level).
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Table 5-8 Pairwise comparisons for peak hip internal rotation angle.

95% Confidence Interval for
Peak hip internal Mean
P-value Difference
rotation (degrees) Difference
Lower Bound Upper Bound
KTT and NT -1.527 0.022* -2.79 -0.24
KTNT and NT -0.70 0.119 -1.59 0.20
KTT and KTNT -0.82 0.123 -1.89 0.24

* Significant difference at the 0.05 level.

Y indicates a significant difference with a small change in magnitude (< 2 degrees), as an

error of 2 degrees or less as these are likely to be susceptible to clinical misinterpretation.

Positive values indicate a greater hip internal rotation angle in the first condition when

compared with the second condition.
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Figure 5-5 Comparison of mean (SD) for peak hip internal rotation angle

under the three conditions (* represents a significant difference at the 0.05 level).
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Table 5-9 Pairwise comparisons for peak hip external rotation angle.

95% Confidence Interval for
Peak hip external Mean
P-value Difference
rotation (degrees) Difference
Lower Bound Upper Bound
KTT and NT -1.81" 0.005* -2.99 -0.64
KTNT and NT -0.57 0.259 -1.60 0.46
KTT and KTNT -1.257 0.012* -2.18 -0.31

* Significant difference at the 0.05 level.

Y indicates a significant difference with a small change in magnitude (< 2 degrees), as an
error of 2 degrees or less as these are likely to be susceptible to clinical misinterpretation.
Negative values indicate a greater hip external rotation angle in the first condition when

compared with the second condition.
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Figure 5-6 Comparison of mean (SD) for peak hip external rotation angle

under the three conditions (* represents a significant difference at the 0.05 level).
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Figure 5-7 Time series graph for hip internal rotation/external rotation angle under
the three taping conditions (Positive values indicate hip internal rotation and

negative values indicate hip external rotation).

5.3.4 Knee Kinematic Data

The Shapiro-Wilk test demonstrated a normal data distribution for the majority of
parameters except peak knee flexion angle. The descriptive statistics for peak knee angle
and knee ROM in sagittal, coronal, and transverse planes can be seen in the Table 5-10
and Table 5-11. The RM ANOVA results showed no significant interactions between sex

and taping conditions for any knee kinematic parameters (p>0.05).

5.3.4.1 Sagittal Plane Knee Kinematics

The RM ANOVA showed no significant effect of taping for minimum knee flexion angle
(p=0.228) and sagittal plane knee ROM (p=0.583), and no significant differences
between sexes for sagittal plane knee ROM (p=0.239), Table 5-10. However, there was
a significant difference between sexes for minimum knee flexion angle (p=0.028,
Ne>=0.242). The pairwise comparison for main sex effect showed that females
demonstrated significantly greater minimum knee flexion angle compared to males,

Table 5-12.
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The Friedman test showed no significant effect of taping for peak knee flexion angle for
both males and females (p=0.670, p=0.407), respectively, Table 5-11. However, the Mann-
Whitney U tests showed a significant difference between sexes for the peak knee flexion

angle (p=0.008) with females showing greater peak knee flexion than males, Table 5-13.

5.3.4.2 Coronal Plane Knee Kinematics

The RM ANOVA showed no significant effect of taping for the peak knee adduction angle
(p=0.389), the peak knee abduction angle (p=0.091), and the coronal plane knee ROM
(p=0.699), Table 5-10. Additionally, no significant difference was seen between the
sexes for the coronal plane knee ROM (p=0.541); however, there was a significant
difference for sex differences on the peak knee adduction angle (p=0.044, n,%=0.206)
and the peak knee abduction angle (p=0.032, ny?=0.232), Table 5-10. The pairwise
comparison for sex showed that females had a significantly greater peak knee adduction
angle compared to males, but females demonstrated significantly less peak knee

abduction angle compared to males, Table 5-12.

5.3.4.3 Transverse Plane Knee Kinematics

The RM ANOVA showed a significant main effect of taping conditions for the peak knee
internal rotation angle (p=0.009, ny?=0.229), Table 5-10, Row 6. The LSD post hoc tests
showed a significantly greater peak knee internal rotation angle in the KTT condition
compared to the NT condition (p=0.008). There was no significant difference between
the KTNT and NT conditions (p=0.055), or the KTT and KTNT conditions (p=0.313), Table
5-14. Figure 5-8 showed the comparison of mean and standard deviation for peak knee
internal rotation angle under the different taping conditions, and Figure 5-9 presents
the knee internal rotation/external rotation angle time series graph under the three

taping conditions.

Moreover, the RM ANOVA showed no significant effect of taping for the peak knee
external rotation angle (p=0.096) and transverse plane knee ROM (p=0.432). In addition,
there was not a significant difference between sexes for the peak knee internal rotation
angle (p=0.258), the peak knee external rotation angle (p=0.061) and transverse plane

knee ROM (p=0.307), Table 5-10.
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Table 5-10 Mean (SD) and repeated measures ANOVA for peak knee angle and knee ROM in the sagittal, coronal, and transverse plane.

Knee Kinematics Males (n=10) Females (n=10) P-value (ny?)
(degrees)? NT KTT KTNT NT KTT KTNT Tape effect Sex effect
Minimum flexion 12.15(3.21) 12.54(2.48) 13.03(3.17) | 16.58(3.14) 15.01(4.84) 16.35(3.45) | 0.228(0.079)  0.028* (0.242)
Sagittal plane ROM 26.53 (4.06) 26.10(5.14) 26.18 (4.30) | 28.02(4.03) 28.97(5.25) 29.07 (4.31) | 0.583(0.025)  0.239 (0.076)
Peak adduction 1.64 (3.13) 1.01(2.53) 1.18(2.80) | 4.21(3.51)  3.79(2.54)  3.92(3.14) | 0.389(0.051)  0.044* (0.206)
Peak abduction -3.29(2.70) -4.45(2.75) -3.98(2.98) | -1.33(1.98) -1.74(1.93) -1.52(2.19) | 0.091(0.125)  0.032* (0.232)
Coronal plane ROM 493 (1.45) 5.47(1.47) 5.16(1.03) | 5.54(2.11) 553(1.22) 5.54(1.52) 0.699 (0.02) 0.541 (0.021)
Peak internal rotationt | 4.58 (5.24)  6.36(5.29) 5.94 (4.73) 1.94 (5.36) 3.53 (5.56) 3.13(6.38) | 0.009* (0.229)  0.258 (0.071)
Peak external rotation | -8.35(5.74) -6.78 (4.49) -6.53 (2.85) | -11.90(5.37) -11.00(5.57) -11.46(5.39) | 0.096 (0.122)  0.061 (0.181)
Transverse plane ROM | 12.93 (3.22) 13.13(3.97) 12.46(3.94) | 13.84(2.90) 14.54(2.70) 14.59(2.65) | 0.432(0.046)  0.307 (0.058)

* Significant main effect at the 0.05 level.

Tindicates a significant difference between NT and KTT.

t indicates a significant difference between NT and KTNT.

¥ indicates a significant difference between KTT and KTNT.

2 Positive values indicate knee flexion/adduction/internal rotation and negative values indicate knee extension/abduction/external rotation
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Table 5-11 Median (Q1, Q3) and Freidman test for peak knee angle and knee ROM in the sagittal, coronal and transverse plane.

Knee Males (n=10) Females (n=10) P-value (W)
Kinematics Tape effect Tape effect
NT KTT KTNT NT KTT KTNT
(degrees)® for Male for Female
Peak flexion 40.40 39.76 39.98 44.46 4391 45.01
0.670 (0.040) 0.407 (0.090)
(35.25, 43.21) (33.46, 44.42) (35.14,44.35) | (42.05,47.18) (39.70,47.57) (42.54,47.85)

2 Positive values indicate knee flexion/adduction/internal rotation and negative values indicate knee extension/abduction/external rotation.
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Table 5-12 Pairwise comparison for sex differences of knee kinematics.

95% Confidence Interval for
Knee kinematics | Mean Difference
P-value Difference
(degrees) (Female vs Male)
Lower Bound Upper Bound

Minimum flexion 3.40 0.028* 0.42 6.39
Peak adduction 2.70 0.044* 0.08 5.32
Peak abduction 2.38 0.032%* 0.24 4.52

* Significant difference at the 0.05 level.

Positive values indicate a greater knee adduction angle in the females when compared

with the males.

Negative values indicate a greater minimum flexion knee flexion and knee abduction

angle in the females when compared with the males.

Table 5-13 The Mann-Whitney U-tests results for sex differences of knee kinematics.

Knee kinematics Median Difference
P-value

(degrees) (Females vs Males)
Peak flexion 4.06 0.008*

* Significant difference at the 0.05 level.

Positive values indicate a greater knee flexion angle in the females when compared with

the males.
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Table 5-14 Pairwise comparisons for peak knee internal rotation angle.

95% Confidence Interval for
Peak Knee internal Mean
P-value Difference
rotation (degrees) Difference
Lower Bound Upper Bound
KTT and NT 1.697 0.008* 0.49 2.88
KTNT and NT 1.28 0.055 -0.03 2.58
KTT and KTNT 0.41 0.313 -0.42 1.24

* Significant difference at the 0.05 level.

Y indicates a significant difference with a small change in magnitude (< 2 degrees), as an
error of 2 degrees or less as these are likely to be susceptible to clinical misinterpretation.
Positive values indicate a greater knee internal rotation angle in the first condition when

compared with the second condition.
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Figure 5-8 Comparison of mean (SD) for peak knee internal rotation under the three

taping conditions (* represents a significant difference at the 0.05 level).

165



Knee angle (Degrees)
)

—NT
-4 KTT
6 KTNT
-8
-10
0 100

%Stance Phase

Figure 5-9 Time series graph for knee internal rotation/external rotation angle under
the three taping conditions (Positive values indicate knee internal rotation and

negative values indicate knee external rotation).

5.3.5 Hip Moments Data

The Shapiro-Wilk test demonstrated a normal data distribution for the majority of hip
moment data except peak hip flexion and peak hip abduction moments. The descriptive
statistics for peak hip moments in sagittal, coronal, and transverse planes can be seen
in Table 5-15 and Table 5-16. The RM ANOVA results showed no significant interactions

between sex and taping conditions for any hip moment parameters (p>0.05).

5.3.5.1 Sagittal Plane Hip Moments

The RM ANOVA showed no significant main effect of taping for peak hip extension
moments (p=0.321), and there was no significant difference between sexes for peak hip
extension moments (p=0.076), Table 5-15. The Friedman test showed no significant
effect of taping for peak hip flexion moments for both males and females (p=0.882,
p=0.882), respectively, Table 5-16. The Mann-Whitney U test revealed that there was

no significant difference between sexes for peak hip flexion moments (p=0.674).
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5.3.5.2 Coronal Plane Hip Moments

The RM ANOVA showed no significant main effect of taping for hip adduction moments
(p=0.228), and there was no significant difference between sexes for hip adduction
moments (p=0.203), Table 5-15. The Friedman test showed no significant effect of
taping for peak hip abduction moments for both males and females (p=0.325, p=0.197),
respectively, Table 5-16. The Mann-Whitney U test revealed no significant difference

between sexes for peak hip abduction moments (p=0.248).

5.3.5.3 Transverse Plane Hip Moments

The RM ANOVA showed no significant main effect of taping for peak hip external
rotation and internal rotation moments (p=0.973, p=0.370), respectively. In addition, no
significant difference was seen between sexes for peak hip external and internal rotation

moments (p=0.746, p=0.246), respectively, Table 5-15.
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Table 5-15 Mean (SD) and repeated measures ANOVA for peak hip moments in the sagittal, coronal, and transverse plane.

Hip Moments Males (n=8) Females (n=38) P-value (ny?)
(Nm/kg)? NT KTT KTNT NT KTT KTNT Tape effect Sex effect
Peak extension 1.76 (0.32)  1.68(0.32) 1.76(0.30) | 1.33(0.54) 1.33(0.46) 1.43(0.45) | 0.321(0.078) 0.076 (0.208)
Peak adduction -0.19 (0.06) -0.17 (0.08) -0.18 (0.07) | -0.14 (0.07) -0.15(0.07) -0.12(0.08) | 0.228(0.100) 0.203 (0.113)
Peak external rotation | 0.59(0.15)  0.60(0.18) 0.59(0.19) | 0.56(0.21) 0.56(0.19) 0.56(0.21) | 0.973(0.002) 0.746 (0.008)
Peak internal rotation | -0.11(0.07) -0.09 (0.05) -0.10 (0.06) | -0.07 (0.05) -0.06 (0.03) -0.07 (0.07) | 0.370(0.069) 0.246 (0.095)

2 Positive value indicate hip extension/abduction/external rotation and negative values indicate hip flexion/adduction/internal rotation.
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Table 5-16 Median (Q1, Q3) and Freidman test results of peak hip moments in the sagittal, coronal, and transverse plane.

Males (n=8) Females (n=8) P-value (W)
Hip Moments
Tape effect Tape effect
(Nm/kg)? NT KTT KTNT NT KTT KTNT
for Male for Female
Peak flexion -0.72 -0.78 -0.87 -0.72 -0.73 -0.73
0.882 (0.016) 0.882 (0.016)
(-1.25,-0.63) (-1.25,-0.66) (-1.13,-0.67) | (-0.76,-0.64) (-0.79,-0.63) (-0.78,-0.60)
Peak abduction 1.67 1.55 1.48 1.53 1.45 1.50
0.325(0.141) 0.197 (0.203)
(1.51, 2.02) (1.39, 2.07) (1.34, 2.10) (1.48, 1.66) (1.24, 1.57) (1.14, 1.61)

2 Positive values indicate hip extension/abduction/external rotation and negative values indicate hip flexion/adduction/internal rotation.
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5.3.6 Knee Moments Data

The Shapiro-Wilk test demonstrated a normal data distribution in almost all parameters
except peak knee external rotation moments. The descriptive statistics for peak knee
moments in sagittal, coronal, and transverse planes can be seen Table 5-17 and Table
5-18. The RM ANOVA results showed no significant interactions between sex and taping

conditions for any knee moment parameters (p>0.05).

5.3.6.1 Sagittal Plane Knee Moments

The RM ANOVA showed no significant main effect of taping for peak knee extension
moments (p=0.079) and peak knee flexion moments (p=0.772), Table 5-17. In addition,
no significant difference was seen between sexes for peak knee extension moments
(p=0.220) but there was a significant difference between sexes for peak knee flexion
moments (p=0.002, np?=0.105), Table 5-17. The pairwise comparison for sex showed
that males had a significantly greater peak knee flexion moments compared to females,

Table 5-19.

5.3.6.2 Coronal Plane Knee Moments

The RM ANOVA showed a significant difference between taping conditions for the peak
knee abduction moments (p=0.016, np?=0.255), Table 5-17, Row 3. The LSD post hoc
tests showed peak knee abduction moments was significantly decreased in both KTT and
KTNT conditions compared to the NT conditions (p=0.039, p=0.011), respectively. No
significant difference was seen between the KTT and KTNT conditions (p=0.657), Table
5-20. Figure 5-10 presents the comparison of mean and standard deviation for peak
knee abduction moments under the different taping conditions, and Figure 5-11
presents the knee abduction/adduction moments time series graph under the three
taping conditions. Moreover, the RM ANOVA showed no significant effect of taping for
the peak knee adduction moments (p=0.518), and there was not a significant difference
between the sexes both peak knee abduction moments (p=0.827) and the peak knee

adduction moments (p=0.132), Table 5-17.
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5.3.6.3 Transverse Plane Knee Moments

The RM ANOVA demonstrated that no a significant main effect of taping for peak knee
internal rotation moments (p=0.121), and no significant differences were seen between

the sexes for peak knee internal rotation moments (p=0.620), Table 5-17.

The Friedman test showed no significant effect of taping for the peak knee external
rotation moments for both males and females (p=0.607 and p=0.093), respectively,
Table 5-18. The Mann-Whitney U test showed that no significant difference between

the sexes for the peak knee external rotation moments (p=0.141).
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Table 5-17 Mean (SD) and repeated measures ANOVA for peak knee moments in the sagittal, coronal, and transverse plane.

Knee Moments Males (n=8) Females (n=38) P-value (ny?)
(Nm/kg)? NT KTT KTNT NT KTT KTNT Tape effect Sex effect
Peak extension 2.75(0.62) 2.87(0.48) 2.91(0.53) | 2.56(0.26) 2.60(0.28) 2.57(0.27) | 0.079(0.166)  0.220 (0.105)
Peak flexion -0.33(0.10) -0.32(0.07) -0.32(0.09) | -0.17(0.09) -0.18(0.09) -0.16(0.11) | 0.772(0.018)  0.002* (0.502)
Peak abductiont* 0.67 (0.40) 0.58(0.38) 0.58(0.36) 0.61 (0.25) 0.54 (0.23) 0.57(0.24) | 0.016* (0.255) 0.827 (0.004)
Peak adduction -0.12 (0.06) -0.12(0.04) -0.12(0.05) | -0.09(0.04) -0.09(0.03) -0.08(0.04) | 0.518(0.037)  0.132(0.155)
Peak internal -0.33(0.14) -0.31(0.16) -0.30(0.14) | -0.37(0.10) -0.34(0.10) -0.33(0.12) | 0.121(0.154)  0.620 (0.018)

rotation

* Significant main effect at the 0.05 level.

Tindicates a significant difference between NT and KTT.

t indicates a significant difference between NT and KTNT.

¥ indicates a significant difference between KTT and KTNT.

2 Positive values indicate knee extension/abduction/external rotation and negative values indicate knee flexion/adduction/internal rotation.
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Table 5-18 Median (Q1, Q3) and Freidman test for peak knee moments in the sagittal, coronal, and transverse plane.

Males (n=8) Females (n=8) P-value (W)
Knee Moments

Tape effect Tape effect

(Nm/kg)? NT KTT KTNT NT KTT KTNT
for Male for Female

Peak external 0.04 0.04 0.03 0.02 0.02 0.02

0.607 (0.063) 0.093 (0.297)
rotation (0.02,0.09) (0.02,0.09) (0.02,0.07) | (0.02,0.04) (0.02,0.04) (0.02,0.03)

2 Positive values indicate knee extension/abduction/external rotation and negative values indicate knee flexion/adduction/internal rotation.
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Table 5-19 Pairwise comparison for sex differences of knee moments.

Mean Difference
Knee Moments

95% Confidence Interval for

(Females vs P-value Difference
(Nm/kg)
Males) Lower Bound Upper Bound
Peak flexion 0.16 0.002* 0.07 0.24

* Significant difference at the 0.05 level.

Negative values indicate a greater knee flexion moment in the females when compared

with the males.

Table 5-20 Pairwise comparisons for peak knee abduction moments.

Peak knee 95% Confidence Interval for
Mean
abduction moments P-value Difference
Difference
(Nm/kg) Lower Bound Upper Bound

KTT and NT -0.08 0.039*%* -0.15 -0.01
KTNT and NT -0.07 0.011* -0.12 -0.02
KTT and KTNT -0.01 0.657 -0.06 0.04

* Significant difference at the 0.05 level.

Negative values indicate a greater knee abduction moment in the first condition when

compared with the second condition.
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Figure 5-10 Comparison of mean (SD) for peak knee abduction moments under the

three taping conditions (* represents a significant difference at the 0.05 level).
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Figure 5-11 Time series graph for knee abduction/adduction moments under the
three taping conditions (Positive values indicate knee abduction and negative values

indicate hip adduction).
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5.3.7 Average Electromyography Data

The Shapiro-Wilk test demonstrated a normal data distribution in almost all parameters
except average TFL and VM EMG. The descriptive statistics for average EMG can be seen
in Table 5-21 and Table 5-22. The RM ANOVA results showed no significant interactions
between sex and taping conditions for the majority of parameters. There was a
significant interaction between sex and taping conditions on average Gmax EMG
(p=0.001, ny?=0.313). Therefore, the one-way repeated measure ANOVA with LSD post
hoc test was used to further analysis the effect of taping for average EMG for Gmax in
each sex separately. The RM ANOVA showed a significant effect of taping for the average
Gmax EMG for females (p=0.016, ny?=0.439) but no significant effect of taping was seen
for the average Gmax EMG for males (p=0.201), Table 5-23. The LSD post hoc tests
showed average Gmax EMG for females exhibited a significantly decrease in the KTNT
condition compared to the NT and KTT conditions (p=0.010, p=0.001), respectively,
Table 5-24. The RM ANOVA showed no significant main effect of taping (p=0.147) and
between sexes (p=0.425) for the average Gmax EMG. Figure 5-12 presents the
comparison of mean and standard deviation for the average Gmax EMG for females
under the different taping conditions. average Gmax EMG for females. Figure 5-13
presents the normalised Gmax EMG signals for female’s time series graph under the

three taping conditions.

In addition, the RM ANOVA showed a significant effect of taping for the average Gmed
EMG (p=0.010, ny?=0.226), Table 5-21. The LSD post hoc tests showed average Gmed
muscle activity was significantly decreased in both KTT and KTNT conditions compared
to the NT conditions (p=0.035 and p=0.005), respectively. No significant difference was
seen between the KTT and KTNT conditions (p=0.603), Table 5-25. Figure 5-14 presents
the comparison of mean and standard deviation for the average Gmed EMG under the
different taping conditions. Figure 5-15 presents the normalised Gmed EMG signals time
series graph under the three taping conditions. However, the RM ANOVA showed that
there was not a significant difference effect of taping for the average VL EMG (p=0.326),
and no significant differences between sexes for the average Gmed EMG (p=0.394), and

average VL EMG (p=0.319), Table 5-21.
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The Friedman test demonstrated that there was a significant effect of taping for the
average TFL EMG in males (p=0.045, W=0.310), but no significant difference for the
average TFL EMG in females (p=0.273), Table 5-22. The Wilcoxon Signed Rank test for
the average TFL EMG in males showed no significant difference between KTT and NT
(p=0.059), KTNT and NT (p=0.059), and KTT and KTNT conditions (p=0.333), Table 5-26.
Moreover, the Friedman test showed that there were not significantly difference for
average VM EMG in both males and females (p=0.150, p=0.905), respectively, Table
5-22. The Mann-Whitney U test showed that there was not a significant difference
between sexes for average TFL EMG (p=0.406) and the average VM EMG (p=0.290).
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Table 5-21 Mean (SD) and repeated measures ANOVA for normalised values from average EMG signal analysis in each group during stance phase.

Average
Normalised

EMG

Males (n=10)

Females (n=10)

P-value (npz)

NT KTT

KTNT

NT

KTT

KTNT

Tape effect Sex effect

Gmax?

0.106 (0.031)  0.102 (0.032)

0.110 (0.030)

0.121 (0.025)

0.122 (0.023)

0.104 (0.021)

0.147 (0.101)  0.425 (0.036)

Gmed ¥

0.128 (0.038)  0.116 (0.031)

0.113 (0.030)

0.115 (0.040)

0.100 (0.047)

0.099 (0.045)

0.010* (0.226)  0.394 (0.041)

VL

0.100 (0.023)  0.098 (0.024)

0.094 (0.042)

0.112 (0.032)

0.116 (0.038)

0.100 (0.027)

0.326 (0.06)  0.319 (0.055)

* Significant main effect at the 0.05 level. Normalised to 1 which represents the maximum observed signal.

Tindicates a significant difference between NT and KTT.

t indicates a significant difference between NT and KTNT.

¥ indicates a significant difference between KTT and KTNT.

= significant interaction between sex and taping conditions.
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Table 5-22 Median (Q1, Q3) and Friedman test for normalised values from average EMG signal analysis in each group during stance phase.

Average Males (n=10) Females (n=10) P-value (W)
Normalised NT KTT KTNT NT KTT KTNT Tape effect Tape effect
EMG for Male for Female
TFL 0.131 0.112 0.113 0.116 0.118 0.113 0.045* 0.273
(0.124,0.138) (0.104,0.126) (0.109, 0.133) | (0.096,0.142) (0.102,0.147) (0.100, 0.122) (0.310) (0.130)
VM 0.109 0.101 0.105 0.116 0.117 0.116 0.150 0.905
(0.082,0.116) (0.085,0.114) (0.088, 0.141) | (0.084,0.131) (0.101,0.179) (0.103,0.186) (0.190) (0.010)

* Significant difference at the 0.05 level. Normalised to 1 which represents the maximum observed signal.
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Table 5-23 The repeated measures ANOVA for average Gmax EMG in each sex

separately.
Average Normalised EMG Tape effect
for Gmax P-value (np?)
Males 0.201 (0.163)
Females 0.016* (0.439)

* Significant difference at the 0.05 level.

Normalised to 1 which represents the maximum observed signal.

Table 5-24 Pairwise comparisons of average Gmax EMG for females.

Average Normalised

95% Confidence Interval for

Mean
Gmax EMG P-value Difference
Difference
for females Lower Bound Upper Bound
KTT and NT 0.001 0.863 -0.015 0.018
KTNT and NT -0.018 0.010%* -0.03 -0.005
KTT and KTNT 0.019 0.001* 0.011 0.027

* Significant difference at the 0.05 level.

Normalised to 1 which represents the maximum observed signal.

180



0.2

0.18
l * p=0.010 l
0.16
—_ *p=0.001 l
FO| 0.14
e
©
2
= 0.12
£
S
2 01
[C]
E 0.08
(]
1]
E 0.06
E
0.04
0.02
0
KTNT

Figure 5-12 Comparison of mean (SD) for average Gmax EMG for females under the
three taping conditions (* represents a significant difference at the 0.05 level,

Normalised to 1 which represents the maximum observed signal).
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Figure 5-13 Time series graph for normalised Gmax EMG signals for females under
the three taping conditions. Normalised to 1 which represents the maximum

observed signal.
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Table 5-25 Pairwise comparisons of average EMG for Gmed.

Average 95% Confidence Interval for
Mean
Normalised P-value Difference
Difference
EMG for Gmed Lower Bound Upper Bound
KTT and NT -0.013 0.035* -0.025 -0.001
KTNT and NT -0.016 0.005* -0.026 -0.005
KTT and KTNT 0.003 0.603 -0.008 0.013
* Significant difference at the 0.05 level.
Normalised to 1 which represents the maximum observed signal.
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Figure 5-14 Comparison of mean (SD) for average normalised Gmed EMG

under the three taping conditions (* represents a significant difference at the 0.05

level, Normalised to 1 which represents the maximum observed signal).

182



o
o

05
i
S
- 0.4
& N\
© \
£ 0.3 —NT
ZB —KTT
— 0.2 KTNT
O]
2 .
0

100
% Stance Phase

Figure 5-15 Time series graph for normalised Gmed EMG signals under the three

taping conditions. Normalised to 1 which represents the maximum observed signal.

Table 5-26 Wilcoxon test for average TFL EMG for males.

Average
Normalised TFL Median Difference P-value

EMG for males

KTT and NT -0.019 0.059
KTNT and NT -0.018 0.059
KTT and KTNT 0 0.333

Normalised to 1 which represents the maximum observed signal.

5.3.8 Peak Electromyography Data

The Shapiro-Wilk test demonstrated all peak EMG parameters were normal data
distribution. The descriptive statistics for peak EMG parameters can be seen in Table
5-27. The RM ANOVA results showed no significant interactions between sex and taping
conditions for the majority of parameters. There was a significant interaction between
sex and taping conditions on peak Gmax EMG (p=0.002, ny?=0.299), but showed no
significant main effect of taping for peak Gmax EMG (p=0.584). Therefore, the one-way
repeated measure ANOVA with LSD post hoc test was used to further analyse the effect

of taping for peak Gmax EMG in each sex separately. The RM ANOVA showed a
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significant effect of taping for the peak Gmax EMG for females (p=0.014, n,?=0.456) but
no significant effect of taping was seen for peak Gmax EMG for males (p=0.132), Table
5-28. The LSD post hoc tests showed a significantly decreased peak Gmax EMG for
females in the KTNT condition compared to the NT and KTT conditions (p=0.009, p<0.001),
respectively, Table 5-29. Figure 5-16 presents the comparison of mean and standard

deviation for the peak Gmax EMG for females under the different taping conditions.

The RM ANOVA showed a significant effect of taping on peak Gmed EMG (p=0.027,
Ne>=0.181), Table 5-27. The LSD post hoc tests showed a significantly decreased peak
Gmed EMG in both KTT and KTNT conditions compared to the NT conditions (p=0.041
and p=0.028), respectively. No significant difference was seen between the KTT and
KTNT conditions (p=0.964), Table 5-30. Figure 5-17 presents the comparison of mean
and standard deviation for the peak Gmed EMG under the different taping conditions.
However, the RM ANOVA showed that there was not a significant difference effect of
taping for peak TFL EMG (p=0.496), VM (p=0.417), and VL (p=0.165). In addition, no
significant differences between sexes for all peak EMG parameters including Gmax

(p=0.909), Gmed (p=0.272), TFL (p=0.956), VM (p=0.107), and VL (p=0.796), Table 5-27.
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Table 5-27 Mean (SD) and repeated measures ANOVA for normalised values from peak EMG signal analysis in each group during stance phase.

Peak Males (n=10) Females (n=10) P-value (ny?)
Normalised NT KTT KTNT NT KTT KTNT Tape effect Sex effect
EMG
Gmax 0.554 (0.174) 0.521(0.106) 0.618 (0.097) | 0.613 (0.117)  0.601 (0.104)  0.494 (0.098) | 0.584 (0.029)  0.909 (0.001)
Gmedbh* 0.696 (0.102) 0.629 (0.130) 0.607 (0.132) | 0.644 (0.129)  0.553(0.151)  0.573(0.161) | 0.027* (0.181) 0.272 (0.067)
TFL 0.639 (0.130) 0.526 (0.065) 0.567 (0.149) | 0.563 (0.221)  0.643 (0.149)  0.534 (0.140) | 0.496 (0.034) 0.956 (<0.001)
VM 0.521 (0.086) 0.557 (0.176) 0.625 (0.108) | 0.609 (0.256)  0.639 (0.108)  0.639 (0.148) | 0.417 (0.044)  0.107 (0.138)
VL 0.662 (0.131) 0.603 (0.165) 0.545 (0.220) | 0.640 (0.162)  0.635(0.159)  0.576(0.162) | 0.165(0.095)  0.796 (0.004)

* Significant main effect at the 0.05 level. Normalised to 1 which represents the maximum observed signal.

Tindicates a significant difference between NT and KTT.

t indicates a significant difference between NT and KTNT.

¥ indicates a significant difference between KTT and KTNT.

* = significant interaction between sex and taping conditions.
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Table 5-28 The repeated measures ANOVA for peak Gmax EMG in each sex

separately.

Peak Normalised

EMG for Gmax

Tape effect
p-value (ny?)

Males

0.132 (0.201)

Females

0.014* (0.456)

* Significant difference at the 0.05 level.

Normalised to 1 which represents the maximum observed signal.

Table 5-29 Pairwise comparisons of peak Gmax EMG for females.

Peak 95% Confidence Interval for
Normalised Mean Difference
P-value
Gmax EMG for Difference
Lower Bound Upper Bound
females

KTT and NT -0.012 0.780 -0.108 0.084
KTNT and NT -0.119 0.009* -0.201 -0.038
KTT and KTNT 0.107 <0.001* 0.066 0.148

* Significant difference at the 0.05 level.

Normalised to 1 which represents the maximum observed signal.
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Figure 5-16 Comparison of mean (SD) for peak Gmax EMG for females

under the three taping conditions (* represents a significant difference at the 0.05

level, Normalised to 1 which represents the maximum observed signal).

Table 5-30 Pairwise comparisons of peak EMG for Gmed.

Peak 95% Confidence Interval for
Mean
Normalised P-value Difference
Difference
EMG for Gmed Lower Bound Upper Bound
KTT and NT -0.079 0.041* -0.153 -0.004
KTNT and NT -0.080 0.028* -0.150 -0.010
KTT and KTNT 0.001 0.964 -0.057 0.059

* Significant difference at the 0.05 level.

Normalised to 1 which represents the maximum observed signal.
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Figure 5-17 Comparison of mean (SD) for peak EMG for Gmed under the three taping
conditions (* represents a significant difference at the 0.05 level,

Normalised to 1 which represents the maximum observed signal).
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5.3.9 Perceived comfort, stability of the knee joint, and running performance

outcomes

5.3.9.1 Comfort Scores

The number of participants for each comfort score category for the KTT and KTNT
conditions is shown in Figure 5-18. Seven participants indicated a clinically important
change (+2 or greater) when using KTT, and six when using the KTNT, with the remainder
indicating no clinically important change (between -1 and +1), with one in the KTT

reporting a clinically important negative effect on comfort.

-2 -1 0 1 2 3

-3

BKTT
B KTNT

Number of participants
] w EY (7] [=)] ~

[y

Figure 5-18 Number of participants in each comfort score category in KTT and KTNT
taping conditions compared to NT condition. A score of 3 represents strongly agree,
0 represents neutral and -3 represents strongly disagree. The question asked was

“Do you think this kinesio tape is comfortable compared to pre-tape?”.

189



5.3.9.2 Stability Scores

The number of participants for each stability score category for the KTT and KTNT
conditions is shown in Figure 5-19. Twelve participants indicated a clinically important
change (+2 or greater) when using KTT, and nine when using the KTNT, with the

remainder indicating no clinically important change (between -1 and +1).

BKTT

B KTNT
12

10

0 I II lI |I ll
22 -1 0 1 2 3

-3

Number of participants
IS o

N

Figure 5-19 Number of participants in each stability score category in KTT and KTNT
taping conditions compared to NT condition. A score of 3 represents strongly agree,
0 represents neutral and -3 represents strongly disagree. The question asked was

“Do you think this kinesio tape helps the stability of your knee compared to pre-tape?”
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5.3.9.3 Running Performance Scores

The number of participants for each running performance score category for the KTT
and KTNT conditions is shown in Figure 5-20. Ten participants indicated a clinically
important change (+2 or greater) when using KTT, and eight when using the KTNT, with
the remainder in the KTNT indicating no clinically important change (between -1 and
+1), with one in the KTT reporting a clinically important negative effect on running

performance.
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W KTNT
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Figure 5-20 Number of participants in each running performance score category in
KTT and KTNT taping conditions compared to NT condition. A score of 3 represents
strongly agree, 0 represents neutral and -3 represents strongly disagree.

The question asked was “Do you think this kinesio tape offers benefits to your

running performance compared to pre-tape?”.
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5.4 Discussion

The aim of the study was to investigate the immediate effects of KT on biomechanics,
muscle activity, and perceived benefits on Thai healthy participants to determine if
responses were similar to the UK healthy participants. In summary, the Thai healthy
study showed that KT significantly increased peak hip external rotation angle, peak hip
extension angle, sagittal plane hip ROM, coronal plane hip ROM, and peak knee internal
rotation angle during the stance phase of running. In addition, there was a decrease in
peak hip internal rotation angle and peak knee abduction moments, and the peak hip
abduction angle in the KTT condition showed a trend towards an increase compared to
the NT condition. Furthermore, there was a decrease in the average and peak Gmax
muscle activity, the average and peak Gmed muscle activity, and the trend toward a
decrease in the average TFL muscle activity. Seven out of 20 participants indicated a
positive clinically important change in comfort perception with one participant reporting
negative important changes in comfort perception. No participant reported any
negative important changes for knee joint stability, with one participant reporting an

important negative effect on running performance after using KTT.

When comparing the response to KT within both the UK and Thai healthy studies, there
was a similar response in the main outcome with an increase in peak hip external
rotation angle and decrease in the average TFL muscle activity. In addition, there was a
similar response with a decrease in the peak hip internal rotation angle and Gmax
muscle activity, and an increase in peak hip abduction angle, Table 5-31. However, some
parameters showed a different response between the UK and Thai healthy participants
including peak hip flexion angle, peak hip extension angle, sagittal plane hip ROM,
coronal plane hip ROM, peak knee flexion angle, peak knee internal rotation angle, peak
knee flexion moments, peak knee abduction moments, and Gmed muscle activity, Table
5-31. Differences between the UK and Thai healthy participants were further explored
between the UK and Thai healthy participants under the NT condition using unpaired t-
tests (Appendix 13). This was to explore if these responses could in part be explained by
baseline differences between the UK and Thai healthy participants. This additional
analysis showed that there were four parameters (out of 16) demonstrated a difference

in the NT condition between the two studies which were; peak hip extension angle,
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sagittal plane hip ROM, peak knee flexion angle, peak knee internal rotation angle, Table
5-31. This may help to explain the different responses to the tape within these
measures, however the remainder of the parameters were not due to baseline

differences between the two studies.

Table 5-31 Comparison of the biomechanical response to all taping conditions for UK
and Thai healthy participants. Significant changes are represented as solid green, red
and amber represent a significant response decrease, increases or no change, trends

towards significance to decrease (green hashed), and trend to increase (red hashed).

UK Healthy Thai Healthy
KTT KTNT KTT KTT KTNT KTT
vs NT | vs NT | vs KTNT | vs NT | vs NT | vs KTNT

Hip Kinematics

Peak flexion

Peak extension
Sagittal plane Hip ROM
Peak abduction
Coronal plane Hip ROM
Peak internal rotation
Peak external rotation
Knee Kinematics

Peak flexion

Peak internal rotation
Knee Moments

Peak flexion

Peak abduction
Average muscle activities
Gmax

Gmed

TFL

Peak muscle activities
Gmax

Gmed

It was interesting to note that the running speed between the two studies showed
significant differences, with a median running speed in the UK healthy study of 3.87
m/s compared to 2.79 m/s for the Thai healthy study (Appendix 13). One explanation
for the differences in running speed between the two studies was the length of the
two laboratories. The length of the UK laboratory was 30 metres, whereas in Thailand

it was 16 metres, therefore, the shorter laboratory showed slower running speeds.
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Despite differences in running speed between the two healthy cohorts, both the UK and
Thai healthy studies showed a similar response in the main outcomes with an increase
in peak hip external rotation angle and decrease in the average TFL muscle activity.
These results suggest that, regardless of the difference observed in running speed, the
application of KT can still change lower limb biomechanical measures associated with
ITBS. A further exploration of the effect of taping at different controlled running speeds
in runners with ITBS would be interesting and could explore if there is a different response

to taping at the different speeds, but this was outside of the scope of this thesis.

An interesting finding is that males demonstrated a significant increase in running speed
under the KTNT when compared to the NT condition whereas there was no significant
difference in the males’ running speed between the KTT and KTNT, and KTT and NT
conditions. The lack of an effect on running speed under the KTT condition, but an
increase in the KTNT condition, may be due to a psychological effect, with a possible
feeling of restriction under the KTT not producing the same effect, however there was
not a corresponding feeling of discomfort. As the participants were allowed to run at
their comfortable speed and this was not controlled it is possible that this is an effect of
a small sample size and happened by chance. Future studies may consider controlling
running speed to fully understand the effect of the interventions being investigated.
However, no previous studies have reported the psychological effects of KT regarding
running speed and it would be interesting to study this further, however this was outside

the scope of this thesis.

5.4.1 The effect of KT on Transverse Plane Hip Kinematics and Moments

Peak hip external rotation angle in the Thai healthy participants was similar to the UK
healthy participants. A greater peak hip external rotation angle was seen in Thai healthy
participants in the KTT compared to the NT and the KTNT conditions, however no
significant differences were seen between the KTNT and NT conditions. These results
imply that the increase in peak hip external rotation angle is due to the tension applied
to the KT. Furthermore, there was no significant difference in peak hip external and

internal rotation moments immediately post-taping compared to pre-taping.
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The present findings also demonstrated that in the Thai healthy participants, a
significant decreased peak hip internal rotation angle in the KTT compared to the NT
condition, although no significant difference was seen between the KTNT and NT
conditions or between the KTNT and KTT conditions. In addition, this was not seen a
significant decreased peak hip internal rotation angle in the KTT compared to the NT
condition in the UK healthy participants, although the KTT condition showed a trend
towards a decrease hip internal rotation compared to the NT condition, Table 5-31. In
contrast, Song et al. (2015) and Song et al. (2017) showed no significant reduction in
peak hip internal rotation angle after taping compared to the NT condition in healthy
control participants. This result of peak hip internal rotation angle may be due to
examining taping in healthy participants and/or due to taping techniques used, both of

which warrants further investigation in runners with ITBS.

5.4.2 The effect of KT on TFL Muscle Activity

The increase in peak hip external rotation angle under KTT conditions compared to NT
condition could be explained by the decrease in TFL muscle activity in the KTT condition
compared to NT condition, as TFL is associated with hip internal rotation (Besomi et al.,
2020). The result of average TFL muscle activity was similar between healthy cohorts,
with UK healthy participants showing a decrease in TFL muscle activity between the tape
conditions. However, Wilcoxon Signed Rank tests demonstrated no significant
differences were seen between taping conditions. There was a trend towards a decrease
in the average TFL muscle activity under the KTT condition compared to the NT
condition, Table 5-31. The KT of this study may inhibit TFL muscle activity leading to an
increase in hip external rotation movement (Akbas et al., 2011), although the result
showed a trend toward a decrease in TFL muscle activity that may be due to investigation

in healthy participants and need to further investigation in runners with ITBS.

5.4.3 The effect of KT on Coronal Plane Hip Kinematics and Moments

There was a significant increase in peak hip abduction angle in the KTT compared to the
NT condition in the UK healthy participant but the Thai healthy participants only showed
a trend towards an increase in the peak hip abduction angle in the KTT condition

compared to the NT condition, Table 5-31. Additionally, no significant difference was
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seen in the peak hip abduction and adduction moments immediately post-taping
compared to pre-taping. This finding is in accordance with Song et al. (2015, 2017), who
found a non-significant reduction of peak hip adduction angle between kinesio tape and
no tape condition in a healthy control participant. In addition, the result of this study
was similar to Howe et al. (2015) who showed no significant difference in hip moments

in the coronal plane between KT and NT during running trials.

5.4.4 The effect of KT on Gmed Muscle Activity

The Thai healthy participants demonstrated significantly decreased average and peak
Gmed muscle activity in both KTT and KTNT conditions compared to the NT conditions.
The UK healthy participants showed a different response with no significant effect of
taping in Gmed muscle activation, which may be associated with the difference in the
running speed between the two studies. This could suggest that KT may only have an
effect on Gmed muscle activity at slower running speeds. This result was in contrast to
Song et al. (2015) who showed no significant differences in Gmed muscle activity
compared to the NT condition during a single-leg squat task. This is interesting to further
explore in the runners with ITBS because runners with ITBS associated with an increase
in Gmed muscle activity (Baker et al., 2018, Foch et al., 2020). Therefore, the decrease

Gmed muscle activity may help to reduce pain in the runners with ITBS.

5.4.5 The effect of KT on Hip Sagittal Plane Kinematics and Moments

When considering the effect of taping on peak hip extension angle, there was a different
response in peak hip extension angle between the UK and Thai healthy participants
(Table 5-31). The Thai healthy participants showed a significantly greater peak hip
extension angle in both KTT and KTNT conditions compared to the NT condition, and a
significantly greater angle in the KTT condition compared to the KTNT condition. Further
investigation of the comparisons in the NT condition between the UK and Thai healthy
participants showed that the peak hip extension angle was significantly greater in the
UK participants than the Thai participants by approximately 4 degrees (Appendix 13).
This suggests that hip extension is greater when running faster. In addition, this would
imply that when participants run slower (Thai healthy participants), the tape may have

a proprioceptive effect which is diminished at faster running speeds when more hip
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extension is present. This effect of running speed is supported by Fukuchi et al. (2017)
who investigated the effects of running speed on lower extremity kinematics and
kinetics, and showed that at a running speed of 3.5 m/s there was significantly greater
peak hip extension angle when compared with running at 2.5 m/s by approximately 4
degrees. Furthermore, there was not a significant difference in the peak hip flexion angle
between the UK and Thai healthy participants in the NT condition, therefore, the effect
of the difference in the NT condition in the peak hip extension angle between the UK
and Thai healthy studies might also have an effect on the sagittal plane hip ROM.
Consequently, it was not surprising that the UK healthy participants had significantly
greater sagittal plane hip ROM than the Thai healthy participants in the NT condition by
approximately 4 degrees (Appendix 13). Furthermore, there was a different response in
the sagittal plane hip ROM between the UK and Thai healthy participants, Table 5-31.
There was a significantly greater sagittal plane hip ROM in both KTT and KTNT conditions
compared to the NT condition in the Thai healthy participants, however no significant
difference was seen between taping conditions for sagittal plane hip ROM in the UK
healthy participants. In addition, no significant difference was observed in the peak hip
extension and flexion moments or peak hip flexion angle immediately post-taping
compared to pre-taping in Thai healthy participants that is similar to a previous study by
Howe et al. (2015) which showed no significant differences in peak hip flexion or peak
hip moments between KT and NT conditions during running trials. Nevertheless, this

needs to further investigation in runners with ITBS.

5.4.6 The effect of KT on Gmax Muscle Activity

The Gmax muscle activity showed the same response of taping in both the UK and Thai
healthy participants, Table 5-31. Both showed a significant decrease in the average and
peak Gmax muscle activity in the KTNT compared to both the NT and KTT conditions,
but no significant differences were seen between KTT and NT conditions. The results
were in contrast to Song et al. (2015) who found no significant differences in Gmax
muscle activity when using femoral rotational KT. The decreasing Gmax muscle activity
may help runners with ITBS because Baker et al., (2018) reported Gmax muscle activity

was more active in the runners with ITBS compared to healthy control runners (Baker et
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al., 2018). Therefore, future studies examining the effect of KT on runners with ITBS,

should consider Gmax muscle activity in association with a change in pain.

5.4.7 The effect of KT on Knee Kinematics and Moments

When considering the effect of taping on peak knee flexion angle, there was a different
response in peak knee flexion angle between the UK and Thai healthy participants (Table
5-31), which only showed there was a significantly greater knee flexion in the KTNT
condition compared to the NT condition in the UK healthy participants, Table 5-31. This
result contrasts with previous studies that showed no significant difference in the peak
knee flexion angle after KTT or KTNT, this may due to the different taping techniques
used (Song et al., 2015, Song et al., 2017). Further investigation of the comparisons in
the NT condition between the UK and Thai healthy participants showed that the peak
knee flexion angle was significantly greater in the Thai participants than the UK
participants by approximately 3.4 degrees (Appendix 13). This is in contrast to the
previous studied that showed a greater peak knee flexion angle at faster running speeds

when compared with slower running speeds (Orendurff et al., 2018).

The Thai healthy participants presented a significant increase in peak knee internal
rotation angle in the KTT condition compared to the NT condition. This result was similar
to Masters et al. (2018) who showed that hip taping increases knee internal rotation
compared to no tape. This result is in contrast to the hypothesis that the peak knee
internal rotation angle would significantly decrease under KTT condition. However, the
UK healthy participants showed no significant effect of taping on peak knee internal
rotation angle. Further comparisons in the NT condition between the UK and Thai
healthy participants showed that peak knee internal rotation angle was significantly
greater in the UK participants than the Thai participants by 7.36 degrees (Appendix 13),
which is likely to be associated with running speed. Previous studied supported that
there was a greater peak knee internal rotation angle at faster running speeds when
compared with slower running speeds (Fukuchi et al., 2017). A slower running speed
might have an effect on peak knee internal rotation and the ability of the tape to have a

meaningful effect which is not seen at the faster running speeds (UK healthy participants).
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For the peak knee abduction moments, there was no significant effect of taping in the
UK healthy participants, but Thai healthy participants showed that the KTT condition
significantly decreased peak knee abduction moments compared to both the NT and
KTNT conditions. This suggests that the decrease in knee abduction moments is due to
the tension applied to the KT. The knee abduction moments is primarily resisted by the
lateral soft tissue restraints of the knee, namely the lateral collateral ligament and the
ITB (Powers, 2010). Therefore, it maybe plausible to suggest that a decrease in the knee
abduction moments would also decrease ITB strain, as this structure plays an important
role in resisting knee abduction moments (Hutchinson et al., 2022). However, this effect
was only present in the Thai healthy participants and there was no significant difference
in the NT condition between the UK and Thai healthy participants. This again maybe due
to the slower running speeds in the Thai healthy participants, but could also be due to
associations between knee abduction moments and foot posture (Powell et al., 2016),
footwear or wedged footwear (Lewinson et al., 2013), or step width (Brindle et al., 2014)
which can also influence the lower limb kinematics and moments, but these were

outside the scope of this current work.

5.4.8 Sexdifferences in Running Biomechanics

The female Thai healthy participants showed a significantly greater peak hip flexion
angle, peak hip internal rotation angle, peak knee adduction angle, and peak knee
flexion angle, whilst Thai males demonstrated a significantly greater peak hip abduction
angle, peak hip external rotation angle, minimum knee flexion angle, peak knee
abduction angle, and peak knee flexion moment. Although there was a difference in
running speed between the UK and Thai healthy participants, both the UK and Thai
healthy studies showed the same response, a greater peak hip internal rotation angle
and a trend towards an increase in peak hip adduction angle in the female runners
compared to males. The results of the present study support previous findings and
suggest that male and female movement patterns may be classifiable (Ferber et al.,
2003, Nigg et al., 2012), and suggests that females may be a higher risk for ITBS than

males (Taunton et al., 2002b).
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5.4.9 Perception of Comfort, Joint Stability, and Running Performance

The result of the perception questionnaires in Thai healthy participants showed a similar
response to the UK healthy participants, 35% of the total participants (seven out of 20
participants) indicated a clinically important change when using KTT, and six participants
when using the KTNT, with one in the KTT reporting a clinically important negative effect
on comfort. For perception of stability of the knee joint, 60% (12 out of 20 participants)
indicated a clinically important change and nine participants when using the KTNT. There
was no participant reported any negative changes in perception of stability of the knee
joint in the KTT and KTNT conditions. For perception of benefit to running performance,
50% of the total participants (10 out of 20 participants) indicated a clinically important
change when using KTT, and eight participants when using the KTNT, with one in the KTT
reporting a clinically important negative effect on perception of benefit to running
performance. This suggests that this KT technique used in this study can change lower
limb biomechanics with a favorable perception on knee stability, comfort and running
performancewhich may be useful in the management of individuals with running related

injuries.
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CHAPTER 6 THE EFFECTS OF KINESIO TAPING ON RUNNING

BIOMECHANICS, MUSCLE ACTIVITY, AND CLINICAL OUTCOME

MEASURES IN RUNNERS WITH ILIOTIBIAL BAND SYNDROME: A

RANDOMISED CONTROLLED TRIAL

6.1 Introduction

The previous two studies in this thesis were conducted on healthy individuals and
showed that kinesio tape can alter key biomechanical measures that have been
associated with symptomatic of runners with ITBS. In addition, healthy participants
reported KT was comfortable, improved knee joint stability and improved running
performance. However, to the author’s knowledge, no research has examined the effect
of KT in participants with ITBS on running biomechanics and clinical outcomes.
Therefore, the aim of the present study was to conduct a randomised controlled trial
(RCT) to investigate the immediate effects of KTT compared to KTNT in runners with ITBS
on lower limb kinematics, joint moments, muscle activity during running and short-term
effects on clinical outcome measures. It was hypothesised based on abnormal running
biomechanics of runners with ITBS that the KTT would increase peak hip external
rotation, decrease peak hip adduction and internal rotation, decrease peak knee internal
rotation, decrease TFL muscle activity, and show improvements in clinical outcome

measures.

6.2 Methods

6.2.1 Participants

All participants were Thai nationals and were recruited from running clubs and a staff
and student population at Mahidol University, Thailand. Potential participants with ITBS
were screened using the following criteria; aged between 18 to 45 years old, regularly
run a minimum of 10 km a week, current symptoms of ITBS, positive the Noble
compression and Ober’s test, reported numeric pain rating scale (NPRS) of at least 3 out
of 10 at lateral femoral condyle during running, no physical limitations which may
interfere with the testing protocol such as fatigue, illness or dizziness. Exclusion criteria

were; history of taking any analgesic or anti-inflammatory drugs for 72 hours prior to
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testing or previous surgery to the lower limbs, and skin allergy to KT. Signs or symptoms
of other knee pathologies including; patellofemoral pain, knee joint osteoarthritis,
lateral meniscus injury, common peroneal nerve injury, referred pain from lumbar spine,
superior tibiofibular joint sprain, popliteus or bicep femoris tendinitis, and a reported

pain of at least 8 out of 10 on NPRS during running.

This study was approved by the ethics committees of the University of Central
Lancashire (STEMH 966) (see Appendix 6) and the Mahidol University Central
Institutional Review Board (MU-CIRB) (COA No.MU-CIRB 2019/224.1912) (see Appendix
12). Before starting testing, a Thai ITBS participant information sheet was given to each
participant, which provided study information and what was expected of the participant
(see Appendix 14). Each participant completed a PAR-Q+ screening questionnaire to
determine the safety or possible risks associated with inclusion (Appendix 9). Individuals
with ITBS were evaluated by a researcher who was a licensed physical therapist to
determine eligibility and those participants that that met the inclusion and exclusion
criteria were recruited. This study collected data on only the symptomatic limb
(hereafter referred to as the study limb). All participants provided written informed
consent prior to testing (Appendix 15). All testing procedures were conducted in the
movement analysis laboratory, Faculty of Physical Therapy, Mahidol University, Salaya

Campus, Nakhon Prathom Thailand.

6.2.2 Study design

This study was a two-arm parallel group RCT registered on clinicaltrials.gov database
(NCT04164316). Upon recruitment, Thai ITBS participants were randomised on a 1:1

basis using http://www.randomization.com to receive either the Kinesio Taping with

tension (KTT group) or the Kinesio Taping with no tension (KTNT group). Participants were
assigned an ID number to allow anonymisation of the data. The KT interventions in this
study used the same protocol, as described in Chapter 3, section 3.4.2.2 and 3.4.2.3, to

apply the allocated taping intervention to the participants in each randomised group.

202


http://www.randomization.com/

6.2.3 Sample Size Calculation

As there is no published data examining the effect of KT on ITBS running biomechanics,
the sample size of this study was calculated from a total of 10 participants in the pilot
study who were divided with 5 participants in each taping group (KTT and KTNT). The
primary outcome used was peak hip external rotation angle values (KTT=-8.43+3.58
degrees, KTNT=-4.60+4.76 degrees) and NPRS was used as a secondary outcome
(KTT=1.20+1.64, KTNT=3.0042.24). 19 participants were required in each group but
allowing for 10% drop out an additional two participants were added to each group.

Therefore, a total of 21 participants were required in each group.

6.2.4 Procedures

At the initial visit, participants’ demographic information was collected, including; age,
gender, weight, height, study limb, average running distance per week, medical history,
and symptoms. Participants then underwent a pre-tape running biomechanical test,
clinical assessments, and completed clinical outcome measures questionnaires.
Subsequently, participants received their allocated taping intervention which was
applied by a researcher after which participants repeated the running biomechanical
test, clinical assessments, and completed clinical outcome measures questionnaires
(immediate post-tape). Participants were then instructed to wear their allocated taping
intervention whilst being instructed to carry out their normal activities of daily living and
run the same mileage prior to participating in the study. On day 4 of taping, the taping
intervention was replaced and participants completed the clinical outcome measures
guestionnaires. On day 7 of taping, participants completed the clinical outcome
measures questionnaires over the telephone before they exited the study. The study

procedure for the ITBS participants is shown in Figure 6-1.

203



Explanation of the procedure of
study to ITBS participants

ITBS participants's sign an inform consent form

Randomisation

Kinesio tape with tension group

Pre-tape test;

Running biomechanics, Clinical assessments,
and Clinical outcome measures

(NPRS, KOOS, and TSK)

Immediate post-tape test;

Running biomechanics, Clinical assessments,
and Clinical outcome measures

(NPRS, Likert scale, TSK, and GROC)

Day 4 of taping;
Clinical outcome measures
(NPRS, Likert scale, TSK, and GROC)

Day 7 of taping;
Clinical outcome measures
(NPRS, KOOS, Likert scale, TSK, and GROC)

Kinesio tape with no tension group

Pre-tape test;

Running biomechanics, Clinical assessments,
and Clinical outcome measures

(NPRS, KOOS, and TSK)

Immediate post-tape test;

Running biomechanics, Clinical assessments,
and Clinical outcome measures

(NPRS, Likert scale, TSK, and GROC)

Day 4 of taping;
Clinical outcome measures
(NPRS, Likert scale, TSK, and GROC)

Day 7 of taping;
Clinical outcome measures
(NPRS, KOOS, Likert scale, TSK, and GROC)

Figure 6-1 Study procedure for ITBS participants.

6.2.5 Biomechanical running assessment

The running assessment in this study used the same protocol as described in section
3.4.2. Participant wore their normal sports t-shirt, sports shorts, and running shoes
during the data collection session at initial visit. The sSEMG sensors placement and
markers set and placement were performed on the study limb before starting running

biomechanics test as described in section 3.4.2.1.1 and 3.4.2.1.2.
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6.2.6 Clinical Outcome Measures.

6.2.6.1 Numerical Pain Rating scale (NPRS)

The NPRS is one of the most commonly used pain scales in medicine and research
(Hjermstad et al., 2011). This study used an 11-point scale from zero to ten, with zero
being no pain and ten being the worst pain possible, (Appendix 16). The scale was set
up on a horizontal line, and participants were asked to rate their pain intensity during
running and a 2-point change on the NPRS represents a Minimal Clinical Important
Change (MCIC) for and Minimal Clinical Important Difference (MCID) (Farrar et al., 2001,
Michener et al., 2011, Childs et al., 2005). Participants were assessed over a one-week

period at the pre-tape, immediate post-tape, day 4 of taping, and day 7 of taping.

6.2.6.2 Knee Injury and Osteoarthritis Outcome Score (KOOS)

The Knee Injury and Osteoarthritis Outcome Score (KOOS) is a popular questionnaire
used for research purposes in clinical trials (Roos and Lohmander, 2003). This study used
the Thai version of KOOS which has been shown to have high reliability (Chaipinyo and
Karoonsupcharoen, 2009) (Appendix 17). Participants were assessed over a one-week

period at the pre-tape and day 7 of taping.

The KOOS consists of five subscale scores with 42 items in total, covering the domains
of pain (nine items), symptoms (seven items), activities of daily living (ADL) (17 items),
function in Sport and Recreation (five items), and knee-related quality of life (four
items). Standardized answer options are given (5 Likert boxes) with each question was
assigned a score from 0 to 4. A total normalised score of 100 is calculated, with a score
of 100 indicating no symptoms and 0 indicating extreme symptoms, with the score for
each subscale also being calculated. The MCIC and MCID of KOOS in this study used 10

points for clinically meaningful change (Roos and Lohmander, 2003).

6.2.6.3 Tampa Scale for Kinesiophobia (TSK)

The Tampa Scale for Kinesiophobia (TSK) was used to assess the subjective rating of
kinesiophobia or fear of movement. This study used the Thai version of TSK which has

been shown to have a good internal consistency (a = 0.90) and high test-retest reliability
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(ICC = 0.934) (Areeudomwong and Buttagat, 2017). Participants were assessed at the

pre-tape, immediate post-tape, day 4 of taping, and day 7 of taping.

The TSK is a 17-item self-rated questionnaire using a 4-point Likert scale regarding
specific situations, performance, the fear of reinjury and activity avoidance (Appendix
18). The four points are defined as; 1 (strongly disagree), 2 (somewhat disagree), 3
(somewhat agree), and 4 (strongly agree). The scores on items 4, 8, 12, and 16 are
reversed. TSK scores can range from 17 to 68, , where scores of 17 indicate no
kinesiophobia and scores of 68 indicate extreme kinesiophobia (Pool et al., 2009). A
score of 37 or over is considered a high score, indicating a high degree of kinesiophobia,
while scores below 37 are considered as low scores (Vlaeyen et al., 1995a). The MCIC
and MCID of TSK have been reported to be 0.8 and 1.3, respectively (Huang et al., 2019)
and therefore a score of 1 and 2 was chosen to demonstrate a MCIC and MCID,

respectively.

6.2.6.4 Global Rating Of Change Scale (GROQ)

Global Rating of Change (GROC) scales provide a measure of self-perceived change in
health status over time (Jaeschke et al., 1989). Participants were assessed at immediate
post-tape, day 4 of taping, and day 7 of taping. This study used a 15-point GROC score,
with the middle ‘O’ score corresponding to ‘no change’, with negative values
representing magnitudes of deterioration, with -7 indicating a very great deal worse,
and positive values indicating an improvement with +7 indicating a very great deal better
(Appendix 19). This study defined a MCIC and MCID as 5, which was based on a clinical
observation that patients with lower scores continue to seek treatment (Stratford et al.,

1994).

6.2.6.5 Perceived comfort, stability of the knee joint, and running performance

outcomes
This study used a seven-point Likert scale, as described in section 3.4.4 to assess
participants’ perceived comfort, stability of the knee joint, and running performance
under their allocated taping condition (Appendix 11). These measures were assessed

immediate post-tape, day 4 of taping, and day 7 of taping. A 2 point change compared

206



to pre-tape in perceived scores was chosen to determine a MCIC and MCID for this thesis

(Kamper et al., 2009).

6.2.7 Clinical Assessments

6.2.7.1 Muscle strength test

The hip abductor and external rotator strength testing were performed on the initial
visit at pre-tape and immediate post-tape by using the Lafayette Hand-Held
Dynamometer (HHD) (model 01165, Lafayette Instrument Company) (Figure 6-2). It is
an ergonomic hand-held device for objectively quantifying muscle strength, and has
been reported to provide accurate, objective and reliable measurements (Mentiplay et
al., 2015). This HHD registers 0.0 to 136.1 kg with a precision of 0.1 kg. The HHD was
used to measure each participant’s study limb, which has previously been reported as a
reliable procedure (Cahalan et al., 1989, Ireland et al., 2003, Jaramillo et al., 1994,

Noehren et al., 2014).
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Figure 6-2 Lafayette Hand-Held Dynamometer.

For hip abduction isometric strength testing, the participants were positioned in side-
lying on their non-involved side on a testing bed and the pillow was used to support the
study limb. The HHD was placed and secured 5 cm proximal to the tibiofemoral joint line
with a stabilization strap around the dynamometer and the testing bed, and a second
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stabilization strap were positioned around the pelvis to prevent compensatory
movements (Figure 6-3). Participants were asked to avoid any hip internal rotation or
hip flexion or any hip hiking through use of the quadratus lumborum during the testing.
The hip external rotation isometric strength test was subsequently measured in a seated
position, with the hip and knees flexed to 90 degrees, and the dynamometer placed on
the inside of the study limb 5 cm superior to the ankle joint and held in place with a
stabilization strap. A second stabilization strap was positioned around the mid-thigh to
prevent compensatory movements (Figure 6-4). Participants were asked to avoid any

hip flexion or hip adduction during the testing.

For both strength tests, two practice trials were performed before testing commenced
to ensure each participant understood the instructions, followed by three testing trials
with a one-minute rest between each trial. Participants were instructed to gradually
increase how much they pushed over three seconds and then to hold their maximum
effort for the next two seconds. The tester used the following standard verbal cues while
measuring muscle strength, “push against the HHD as hard as possible slowly and

smoothly. One, two, three, go”

For each participant, the maximum isometric raw force values were multiplied by the
participant’s femur length to calculate a joint moment value, which was then normalised
by the participant’s mass to account for body size, and then multiplied by 100. Femur
length was measured as the distance from the greater trochanter to the medial
tibiofemoral joint line. The peak isometric hip abductor and external rotator moments

were then averaged for the three testing trials (Noehren et al., 2014).
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Figure 6-4 Hip external rotation strength test a) oblique view, b) anterior view.
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6.2.7.2 Assessment of the length of tensor fascia latae (TFL) and lliotibial Band (ITB)

Measurements of the length of the TFL and ITB were examined on the initial visit at pre-
tape and immediate post-tape by using the modified Ober’s test with a digital
inclinometer (Baseline® Digital Inclinometer, model 12-1057; Fabrication Enterprises,
Inc, White Plains, NY, accuracy of 0.1 degrees) (Figure 6-5), using previously established
procedures (Noehren et al.,, 2014, Piva et al., 2005, Reese and Bandy, 2003). The
participants were placed in a side-lying position with their non-involved side on a testing
bed and the pelvis perpendicular to the table, and the examiner standing posteriorly.
The participant’s pelvis was blocked by the examiner’s body and the pelvis was stabilized
with the examiner’s free hand. While maintaining the knee extension position, the
participants’ study limb was then moved into hip extension and abduction. Next, the
examiner asked the participants to relax all muscles of the lower extremity whilst slowly
lowering their study limb into hip adduction direction until the motion was
restricted. Hip inclination was measured at the point at which lateral tilting of the pelvis
was palpated and/or when the hip adduction movement stopped. The examiner had to
make sure that the hip did not internally rotate and flex and the pelvis remained
stabilized during the test. The examiner press hold button on a digital inclinometer that
was placed 5 cm from the distal lateral femoral epicondyle, giving a measure in degrees
from the horizontal (Figure 6-6). If the lower limb was horizontal this was reflected by a
measurement of 0 degrees on a digital inclinometer, if below the horizontal (adducted),
it was reported as a positive number; and if above the horizontal (abducted), it was
reported as a negative number. The angles indicated by the digital inclinometer during
the modified Ober’s test were averaged over three trials and served as a measure of the

length of the TFL and ITB.
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Figure 6-5 Baseline® Digital Inclinometer.
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Figure 6-6 Participant position and digital inclinometer positioning for assessment of

the length of the TFL and ITB.

6.2.8 Data Processing

The processing of kinematic, kinetic and EMG data has previously been described in

section 3.5.

6.2.9 Data analysis

Shapiro-Wilk tests were used to determine the distribution of the data, and all analyses
used an alpha level of 0.05. For normally distributed joint kinematics, joint moments,
average EMG, peak EMG, muscle strength, muscle length data, and running speed data,
unpaired t-tests were used to test the pre-tape differences as baseline between the two
groups. Mixed Methods ANOVA tests were used to explore the immediate post-tape
effects, and differences between the two groups and sexes. Any significant interactions
between group and pre-immediate post-tape were further explored with paired t-tests
to determine any differences between time points within the two groups separately.
Any significant interactions between sex and pre-immediate post-tape were also
explored with paired t-test to determine any differences between time points within the
two sexes separately. For the non-normally distributed data, Mann-Whitney U tests

were used to explore the differences between sexes, and Wilcoxon Signed Rank tests
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were performed to determine any differences between pre- and immediate post-tape
within the two groups and two sexes separately, and Mann-Whitney U tests were used
to explore for differences between pre- and immediate post-tape, between the two

groups separately.

For normally distributed clinical data the effects of taping were explored across the pre-
tape, immediate post-tape, day 4 of taping, and day 7 of taping for the two groups using
Mixed Methods ANOVA tests. If significant main effects between time points were seen,
post hoc Least Significant Difference (LSD) tests were used within the two groups
separately. Any significant interactions between group and time were further explored
with Repeated Measures Analysis of Variance (RM ANOVA) to consider the effect of time
within each group separately. Any significant interactions between sex and time were
explored with a RM ANOVA to determine the effect of time in the two sexes separately,
and any significant main effects were further explored using post hoc LSD tests. The
KOOS was taken at pre-tape and day 7 of taping, therefore the differences between the
two groups, across the two time points, and between the two sexes were analysed using
the same methods as the biomechanical data. For non-normally distributed data,
Friedman tests were used to test for the differences within the two groups and sexes
separately. Significant effects identified by the Friedman test were further explored with
Wilcoxon Signed Rank tests to determine any differences between time points within

the two groups or two sexes separately.

Between group differences for participant characteristics were explored using unpaired
t-tests. Effect sizes of Mixed Methods ANOVA were reported using partial Eta? (np?2).
Effect sizes were contextualized using the following guidelines; small. 0.01, medium.
0.06 and large. 0.14 (Cohen, 1988). In addition, mean differences and 95% confidence
intervals were reported. Whereas the effect sizes of Friedman tests using Kendall’'s W
(W) that were contextualized using the following guidelines; small. 0.1, medium. 0.3 and

large. 0.5 (Cohen, 1988).
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6.3 Results

6.3.1 Recruitment

Initially, 42 Thai participants with ITBS were assessed for eligibility, of which two
participants were excluded as they did not meet the inclusion criteria. Therefore, 40
participants were included in the RCT, 20 in each group and all 40 participants completed

the study, Figure 6-7.

Enrolment
Assessed for eligibility (n=42)

Excluded (n=2)

- Not meeting inclusion criteria
(n=2)

- Declined to participate (n=0)
- Other reasons (n=0)

A 4

Randomised (n=40)

v [ Allocation 1 v
L J
Allocated to KTT group (n=20) Allocated to KTNT group (n= 20)
- Received allocated intervention - Received allocated intervention
(n=20) (n=20)
- Did not receive allocated intervention - Did not receive allocated intervention
(give reasons) (n=0) (give reasons) (n=0)
v [ Follow-Up W v
A J
Lost to follow-up (give reasons) (n=0) Lost to follow-up (give reasons) (n=0)
Discontinued intervention Discontinued intervention
(give reasons) (n=0) (give reasons) (n=0)

[ Analysis }

A 4

. J
Analysed (n=20) Analysed (n=20)
- Excluded from analysis (give - Excluded from analysis (give
reasons) (n=0) reasons) (n=0)

Figure 6-7 Flow diagram of participants recruitment, allocation and analyses.
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6.3.2 Participant Characteristics

The KTT group consisted of 9 females and 11 males, and the KTNT group consisted of 10
females and 10 males. Both groups were found to have a similar age, weight, height,
and body mass index (BMI); and had no significant differences in their average running

distance (p>0.05), Table 6-1.

Table 6-1 Participant demographics values are reported as Mean (SD) and ranges.

KTT group KTNT group
Mean Range Mean Range P-value
(SD) (SD)
Age (year) 35.7 36.65
22 -44 24 - 45 0.623
(5.29) (6.75)
Weight (kg) 64.67 60.50
49- 91 42-90 0.296
(12.52) (12.35)
Height (cm) 166.90 165.85
157-179 145- 188 0.725
(7.75) (10.77)
BMI (kg/m?) 23.04 21.79
19.14-30.06 18.47-27.02 0.151
(2.99) (2.36)
Average
i 39.13 35.10
running
12.5-70 10-60 .
distance (19.50) (12.95) 0.447
(km/week)

6.3.3 Running Speed

The Shapiro-Wilk test demonstrated that the running speed was normally distributed.
The Mixed Methods ANOVA showed no significant interactions between group and pre-
immediate post-tape, and between sex and pre-immediate post-tape (p>0.05). No
significant main effects were seen for pre-immediate post-tape, group, and sex (p>0.05).
The mean (SD) running speed in the KTT group was 2.70 (0.30) m/s for pre-tape and 2.69
(0.31) m/s for immediate post-tape, and for the KTNT group was 2.81 (0.42) m/s for pre-
tape and 2.80 (0.42) m/s for immediate post-tape.
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6.3.4 Hip Kinematics Data

6.3.4.1 Sagittal Plane Hip Kinematics

The peak hip flexion angle, peak hip extension angle, and sagittal plane hip ROM were
found to be normally distributed. Unpaired t-tests showed no pre-tape differences
between groups in the peak hip flexion angle, peak hip extension angle, and sagittal

plane hip ROM (p>0.05).

The Mixed Methods ANOVA tests showed no significant interactions between group and
pre-immediate post-tape, and between sex and pre-immediate post-tape in all sagittal
plane hip kinematic parameters (p>0.05). The Mixed Methods ANOVA tests showed no
significant main effects for pre-immediate post-tape for peak hip flexion angle, peak hip
extension angle, and sagittal plane hip ROM (p=0.513, p=0.791, p=0.196), respectively.
In addition, no significant main effects for group were observed for peak hip extension
angle, peak hip extension angle, and sagittal plane hip ROM (p=0.218, p=0.503,
p=0.350), respectively. However, significant main effects were seen for sex for peak hip
flexion angle (p=0.025, ny?=0.131) and sagittal plane hip ROM (p<0.001, ny?=0.304), with
no significant difference seen for peak hip extension angle (p=0.514), Table 6-2. Post hoc
pairwise comparisons using LSD tests showed that females had a significantly greater

peak hip flexion angle and sagittal plane hip ROM compared to males, Table 6-3.

6.3.4.2 Coronal Plane Hip Kinematics

The peak hip adduction angle, peak hip abduction angle, and coronal plane hip ROM
were found to be normally distributed. Unpaired t-tests showed no pre-tape differences
between groups in the peak hip adduction angle, peak hip abduction angle, and coronal

plane hip ROM (p>0.05).

The Mixed Methods ANOVA showed a significant interaction between group and pre-
immediate post-tape for coronal plane hip ROM. Post hoc paired t-tests showed a
significant decrease in the coronal plane hip ROM immediate post-tape in the KTT group
(p=0.025) but not in the KTNT group (p=0.244), Table 6-4. There were no significant

interactions between group and pre-immediate post-tape for peak hip adduction and
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abduction angle nor no significant interactions between sex and pre-immediate post-

tape in all coronal plane hip kinematic parameters (p>0.05).

The Mixed Methods ANOVA showed no significant main effects for pre-immediate post-
tape in peak hip adduction and abduction angle (p=0.183, p=0.493), respectively. No
significant main effects were seen for group in peak hip adduction and abduction angle
(p= 0.461, p=0.604), respectively. However, significant main effects were seen for sex
for peak hip adduction angle (p=0.011, n,2=0.168) but not for peak hip abduction angle
(p=0.257), Table 6-2. For coronal plane hip ROM, the Mixed Methods ANOVA showed a
significant main effect for sex for coronal plane hip ROM (p=0.034, ny?=0.119), Table
6-2. However, no significant main effects were seen for pre-immediate post-tape or
group for coronal plane hip ROM (p=0.360, p=0.666), respectively, Table 6-2. The LSD
post hoc pairwise comparisons showed that females had a significantly greater peak hip

adduction angle and coronal plane hip ROM compared to males, Table 6-3.

6.3.4.3 Transverse Plane Hip Kinematics

Peak hip internal rotation angle, peak hip external rotation angle, and transverse plane
hip ROM were found to be non-normally distributed. Differences between pre- and
immediate post-tape for the two groups were explored using Wilcoxon Sign Rank tests.
For the KTT group, peak hip external rotation angle in females showed a small but
significant increase (< 2 degrees) in immediate post-tape compared to the pre-tape
(p=0.011) whereas the male runners showed a greater significant change (~ 4 degrees)
in immediate post-tape compared to pre-tape (p=0.010). Transverse plane hip ROM was
significant greater immediate post-tape in males compared to pre-tape (p=0.021).
However, there were no significant differences between pre- and immediate-post tape
for transverse plane hip ROM in females (p=0.859) and peak hip internal rotation in both
females and males (p=0.139, p=0.091), respectively. Figure 6-8 and Figure 6-9 presents
the hip internal rotation/external rotation angle time series graph under the two taping
conditions in KKT group for females and males, respectively. For the KTNT group,
Wilcoxon Sign Rank tests showed no significant effects for pre-immediate post-tape for
peak hip internal rotation angle, peak hip external rotation angle, and transverse plane
hip ROM in both females and males (p>0.05), Table 6-5.
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The differences in transverse plane hip kinematic parameters between the KTT and
KTNT groups and sexes were explored using Mann-Whitney U tests. No significant
differences between groups for pre-tape and immediate post-tape were observed
(p>0.05), Table 6-5. However, the Mann-Whitney U-tests demonstrated a significant
difference between sexes for the peak hip internal rotation at pre-tape (p=0.037) and
immediate post-tape (p=0.011) in the KTT group. This showed that females had a
significantly greater peak hip internal rotation compared to males in both pre-tape and
immediate post-tape. Nevertheless, no significant difference was observed between
sexes for the peak hip internal rotation in the KTNT group in both pre-tape and
immediate post-tape (p>0.05). For the peak hip external rotation, the Mann-Whitney U-
tests demonstrated a significant difference between sexes at immediate post-tape
(p=0.037) but no significant difference was observed at pre-tape in the KTT group.
Furthermore, there were no significant differences between sexes for the peak hip
external rotation in KTNT groups in both pre-tape and immediate post-tape or for the
transverse plane hip ROM in both groups in pre-tape and immediate post-tape (p>0.05),
Table 6-5. Therefore, the transverse plane hip ROM group effects can be further
analysed with mixed sexes using Wilcoxon Sign Rank tests. The Wilcoxon Sign Rank tests
showed no significant difference between pre- and immediate post-tape for the

transverse plane hip ROM in both the KTT and KTNT groups (p>0.05).
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Table 6-2 Mean (SD) and Mixed Methods ANOVA for peak hip angle and hip ROM in the sagittal, coronal and transverse plane.

KTT group KTNT group P-value (ny?)
Hip
Females (n=9) Males (n=11) Females (n=10) Males (n=10) Pre-
kinematics? Group Sex
Pre-tape Immediate | Pre-tape Immediate | Pre-tape Immediate | Pre-tape Immediate Immediate
(degrees) effect effect
post-tape post-tape post-tape post-tape post effect
Peak flexion 35.55 35.80 31.84 32.22 39.46 39.37 33.26 33.65 0.513 0.218 0.025%*
(4.35) (3.97) (8.30) (9.74) (5.16) (5.45) (6.14) (6.38) (0.012) (0.042) (0.131)
Peak -1.74 -1.79 -0.80 -1.30 -1.07 -0.96 0.49 0.59 0.791 0.503 0.514
extension (4.65) (4.22) (5.31) (7.34) (4.08) (4.26) (6.74) (6.19) (0.002) (0.013) (0.012)
Sagittal 37.29 37.59 32.64 33.52 40.53 40.34 32.77 33.07 0.196 0.350 <0.001*
plane ROM (3.12) (3.18) (4.67) (4.82) (5.70) (5.20) (5.54) (5.01) (0.046) (0.024) (0.304)
Peak 10.21 10.00 8.02 7.21 11.14 10.96 8.15 8.17 0.183 0.461 0.011*
adduction (3.61) (3.46) (2.68) (3.43) (2.01) (2.72) (3.73) (3.84) (0.049) (0.015) (0.168)
Peak -0.33 0.10 -0.94 -1.08 0.48 -0.07 -0.46 -0.68 0.493 0.604 0.257
abduction (2.49) (2.40) (2.34) (2.08) (2.06) (2.45) (2.39) (2.56) (0.013) (0.008) (0.036)
Coronal 10.54 9.90 8.96 8.29 10.67 11.03 8.61 8.85 0.360 0.666  0.034*
plane ROM 8 (3.34) (3.30) (3.08) (3.05) (2.29) (2.78) (1.84) (1.65) (0.023) (0.005) (0.119)

* Significant main effect at the 0.05 level, ® = significant interaction between Group x Pre-Immediate post-tape.

2 Positive values indicate hip flexion/adduction/internal rotation and negative values indicate hip extension/abduction/external rotation.
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Table 6-3 Pairwise comparison for sex differences of hip kinematics.

95% Confidence Interval for
Hip kinematics Mean Difference
P-Value Difference
(degrees) (Female vs Male)
Lower Bound Upper Bound
Peak flexion 4.80 0.025* 0.63 8.98
Sagittal plane ROM 5.94 <0.001* 2.91 8.97
Peak adduction 2.69 0.011* 0.67 4.72
Coronal plane ROM 1.86 0.034* 0.15 3.57

* Significant difference at the 0.05 level.

Positive values indicate a greater hip flexion angle, sagittal plane hip ROM, hip adduction

angle and coronal plane hip ROM in the females when compared with the males.

Table 6-4 The Paired t-test for Coronal plane Hip ROM in each group separately.

95% Confidence Interval
Mean Difference
Coronal plane Hip for Difference
(Pre-tape vs P-value
ROM (degrees) Lower Upper
Immediate post-tape)

Bound Bound

KTT 0.66 0.025* 0.09 1.22

KTNT -0.30 0.244 -0.83 0.22

* Significant difference at the 0.05 level.
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Table 6-5 Median (Q1, Q3), Wilcoxon Sign Rank test for within the two groups and two sexes separately, and Mann-Whitney U-tests for between

group and between sexes for peak hip angle and hip ROM in the sagittal, coronal and transverse plane.

KTT group KTNT group P-value
Hip kinematics Females (n=9) Males (n=11) Females (n=10) Males (n=10) Between Between Group
(degrees)? Pre-tape Immediate Pre-tape Immediate Pre-tape Immediate Pre-tape Immediate Group Immediate
post-tape post-tape post-tape post-tape Pre- tape post-tape
Peak internal 8.14 7.70 2.41 2.65 3.13 2.42 4.77 5.25 0.935 0.589
rotation™¢ (5.04,10.89) (4.20,9.38) (-5.78, 8.09) (-8.75, 5.52) (-1.34, 11.24) (-2.09, 9.30) (0.93,9.58) (1.86,10.03)
Pre-immediate
post-tape 0.139 0.091 0.241 0.508
(p-value)
Peak external -1.79 -3.37 -4.47 -8.89 -5.66 -8.40 -1.91 -1.18 0.787 0.417
rotation® (-4.75,1.13) (-6.97,0.52) | (-12.27,-0.50) (-14.23,-4.00) | (-9.63,-2.03)  (-11.05,-2.46) | (-7.22,2.16) (-5.95, 2.24)
Pre-immediate
post-tape 0.011%Y 0.010* 0.285 0.203
(p-value)
Transverse plane 9.55 8.40 6.40 6.64 6.09 6.82 7.36 7.79 0.957 0.482
ROM (5.43,12.95) (6.85,12.47) | (5.24,10.14) (5.87,11.11) (5.04, 16.47) (5.14, 15.26) (6.12,9.20) (5.10, 8.79)
Pre-immediate
post-tape 0.859 0.021*% Y 0.508 0.445
(p-value)

* Significant difference at the 0.05 level., ° = significant between sexes at pre-tape in KTT group, ¢ = significant between sexes at immediate post-tape

in KTT group, Y indicates a significant difference with a small change in magnitude (< 2 degrees), as an error of 2 degrees or less as these are likely to

be susceptible to clinical misinterpretation.

2 Positive values indicate hip flexion/adduction/internal rotation and negative values indicate hip extension/abduction/external rotation.
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Figure 6-8 Time series graph for hip internal rotation/external rotation angle for
females in KTT group under the two taping conditions. (Positive values indicate hip

internal rotation and negative values indicate hip external rotation).
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Figure 6-9 Time series graph for hip internal rotation/external rotation angle for
males in KTT group under the two taping conditions. (Positive values indicate hip

internal rotation and negative values indicate hip external rotation).
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6.3.5 Knee Kinematic Data

6.3.5.1 Sagittal Plane Knee Kinematics

The peak knee flexion angle, peak knee extension angle, and sagittal plane knee ROM
were found to be normally distributed. Unpaired t-tests showed no pre-tape differences
between groups in the peak knee flexion angle, peak knee extension angle, and sagittal

plane knee ROM (p>0.05).

The Mixed Methods ANOVA tests showed no significant interactions between group and
pre-immediate post-tape, and between sex and pre-immediate post-tape in all sagittal
plane knee kinematic parameters (p>0.05). The Mixed Methods ANOVA showed no
significant main effect for pre-immediate post-tape in peak knee flexion angle, minimum
knee flexion, and sagittal plane knee ROM (p=0.931, p=0.829, p=0.728), respectively. In
addition, there was no significant difference in the main effect for group for peak knee
flexion angle, minimum knee flexion, and sagittal plane knee ROM (p=0.588, p=0.893,
p=0.658), respectively. However, there was a significant main effect for sex for peak
knee flexion angle (p=0.008, n,?=0.180) but no significant difference was seen for
minimum knee flexion (p=0.125), and sagittal plane knee ROM (p=0.190), Table 6-6. Post
hoc pairwise comparison using LSD revealed that females had a significantly greater

peak knee flexion angle compared to males, Table 6-7.

6.3.5.2 Coronal Plane Knee Kinematics

The peak knee adduction and abduction angle were found to be normally distributed
but the coronal plane knee ROM was found to be non-normally distributed. Unpaired t-
tests showed no pre-tape differences between groups in the peak knee adduction angle

and peak knee abduction angle (p>0.05).

The Mixed Methods ANOVA tests showed no significant interactions between group and
pre-immediate post-tape, and between sex and pre-immediate post-tape in the peak
knee adduction and abduction angles (p>0.05). In addition, the Mixed Methods ANOVA
showed no significant main effects for pre-immediate post-tape, group, or sex for peak

knee adduction angle (p=0.976, p=0.101, p=0.225), respectively. Additionally, the Mixed
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Methods ANOVA showed no significant main effects for pre-immediate post-tape,
group, or sex for peak knee abduction angle (p=0.290, p=0.361, p=0.312), respectively,
Table 6-6.

Wilcoxon Sign Rank tests were used to explore the differences between pre- and
immediate post-tape for the two groups for the coronal plane knee ROM. For the KTT
group, there were no significant differences between pre- and immediate post-tape for
coronal plane knee ROM in both females and males (p=0.214, p=0.062), respectively. In
addition, for the KTNT group, no significant effect of pre-immediate post-tape for
coronal plane knee ROM was seen in both females and males (p=0.721, p=0.721),

respectively, Table 6-8.

Mann-Whitney U tests were used to explore the differences in coronal plane knee ROM
between the KTT and KTNT groups, and sexes. These showed no significant differences
between groups for pre-tape and immediate post-tape (p>0.05). Additionally, no
significant difference was observed between sexes for the coronal plane knee ROM in
both KTT and KTNT groups for pre-tape and immediate post-tape (p>0.05), Table 6-8.
Therefore, the coronal plane knee ROM group effects were further analysed with mixed
sexes using Wilcoxon Sign Rank tests which showed no significant difference between
pre- and immediate post-tape for the coronal plane knee ROM in both the KTT and KTNT

groups (p>0.05).

6.3.5.3 Transverse Plane Knee Kinematics

The peak knee external rotation angle and transverse plane knee ROM were found to
be normally distributed but the peak knee internal rotation angle was found to be non-
normally distributed. Unpaired t-tests showed no pre-tape differences between groups

in the peak knee external rotation angle and transverse plane knee ROM (p>0.05).

The Mixed Methods ANOVA tests showed no significant interactions between group and
pre-immediate post-tape, and between sex and pre-immediate post-tape in the peak
knee external rotation angle and transverse plane knee ROM (p>0.05). The Mixed

Methods ANOVA showed no significant main effects for pre-immediate post-tape,
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group, or sex for peak knee external rotation angle (p=0.314, p=0.324, p=0.853),
respectively. Additionally, the Mixed Methods ANOVA showed no significant main
effects for pre-immediate post-tape, group, or sex for transverse plane knee ROM

(p=0.745, p=0.405, p=0.191), respectively, Table 6-6.

Wilcoxon Sign Rank tests were used to explore the differences between pre- and
immediate post-tape for the two groups for the peak knee internal rotation angle. For
the KTT group, there were no significant differences between pre- and immediate post-
tape for peak knee internal rotation angle in both females and males (p=0.515, p=0.477),
respectively. In addition, for the KTNT group, no significant effect of pre-immediate
post-tape for peak knee internal rotation angle was seen in both females and males

(p=0.241, p=0.445), respectively, Table 6-8.

Mann-Whitney U tests were used to explore the differences in peak knee internal
rotation angle between the KTT and KTNT groups, and sexes. These showed no
significant differences between groups for pre-tape and immediate post-tape (p>0.05).
Additionally, no significant difference was observed between sexes for the peak knee
internal rotation angle in both the KTT and KTNT groups for pre-tape and immediate
post-tape (p>0.05), Table 6-8. Therefore, the peak knee internal rotation angle group
effects were further analysed with mixed sexes using Wilcoxon Sign Rank tests which
showed no significant difference between pre- and immediate post-tape for the peak

knee internal rotation angle in both the KTT and KTNT groups (p>0.05).
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Table 6-6 Mean (SD) and Mixed Methods ANOVA for peak knee angle and knee ROM in the sagittal, coronal, and transverse plane.

Knee KTT group KTNT group P-value (npz)
kinematics 2 Females (n=9) Males (n=11) Females (n=10) Males (n=10) Pre- Group Sex
(degrees) Pre- Immediate Pre- Immediate Pre- Immediate Pre- Immediate | Immediate effect offect
tape post-tape tape post-tape tape post-tape tape post-tape | post effect
Peak flexion 42.44 41.95 38.41 38.72 42.64 42.64 39.42 39.48 0.931 0.588 0.008*
(3.55) (3.27) (4.19) (5.14) (1.63) (2.38) (4.69) (5.13) (<0.001) (0.008)  (0.180)
Minimum 14.05 13.91 11.68 11.94 14.11 13.66 11.91 12.55 0.829 0.893 0.125
flexion (1.80) (3.06) (4.61) (6.05) (4.24) (3.53) (3.58) (3.10) (0.001) (0.001) (0.064)
Sagittal plane | 28.39 28.05 26.74 26.78 28.53 28.98 27.51 26.93 0.728 0.658 0.190
ROM (3.55) (2.43) (2.62) (2.69) (4.88) (4.76) (3.21) (4.35) (0.003) (0.005)  (0.047)
Peak 1.59 1.20 2.67 2.80 3.07 3.25 4.17 4.21 0.976 0.101 0.225
adduction (1.79) (2.17) (3.25) (2.20) (2.92) (3.89) (4.25) (3.58) (<0.001) (0.073)  (0.041)
Peak -3.46 -3.56 -2.65 -3.50 -3.14 -3.24 -1.42 -1.27 0.290 0.361 0.312
abduction (1.95) (2.57) (3.16) (3.32) (3.61) (4.38) (4.39) (4.17) (0.031) (0.023)  (0.028)
Peak external -9.89 -9.65 -9.55 -9.62 -12.12 -10.82 -11.29 -10.83 0.314 0.324 0.853
rotation (4.08) (3.80) (6.79) (8.03) (5.17) (5.46) (2.58) (2.18) (0.028) (0.027)  (0.001)
Transverse 14.74 14.65 14.62 15.38 12.68 12.11 15.16 15.40 0.745 0.405 0.191
plane ROM (3.99) (4.40) (4.25) (3.92) (3.90) (3.04) (3.54) (3.67) (0.003) (0.019) (0.047)

* Significant main effect at the 0.05 level.

2 Positive values indicate knee flexion/adduction/internal rotation and negative values indicate knee extension/abduction/external rotation.
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Table 6-7 Pairwise comparison for sex differences of knee kinematics.

Knee 95% Confidence Interval for Difference
Mean Difference
kinematics P-value
(Female vs Male) Lower Bound Upper Bound
(degrees)
Peak flexion 3.41 0.008* 0.95 5.88

* Significant difference at the 0.05 level. Positive values indicate a greater knee flexion angle in the females when compared with the males.

Table 6-8 Median (Q1, Q3), Wilcoxon Sign Rank test for within the two groups and two sexes separately, and Mann-Whitney U-tests for between

group and between sexes for peak knee angle and knee ROM in the sagittal, coronal and transverse plane.

KTT group KTNT group P-value
. . Females (n=9) Males (n=11) Females (n=10) Males (n=10) Between
Knee kinematics : - - . Between
a Pre-tape Immediate Pre-tape Immediate Pre-tape Immediate Pre-tape Immediate Group
(degrees) Group .
post-tape post-tape post-tape post-tape Immediate
Pre-tape
post-tape
Coronal plane ROM 5.04 5.15 5.70 6.16 6.27 6.34 5.52 6.00 0.194 0417
(4.24, 6.00) (3.29, 6.03) (4.24, 6.37) (5.20, 7.43) (4.50, 7.71) (4.22, 8.23) (4.43,6.51) (4.32,6.41) ) )
Pre-immediate
post tape 0.214 0.062 0.721 0.721
(p-value)
Peak internal 5.37 5.88 5.58 7.26 0.99 3.66 2.35 3.13 0.083 0110
rotation (2.46, 7.37) (2.68, 8.13) (2.84, 7.56) (3.21, 9.30) (-5.34, 5.01) (-6.23, 6.54) (-0.04, 8.89) (0.49, 9.29) ) )
Pre-immediate
post tape 0.515 0.477 0.241 0.445
(p-value)

2 Positive values indicate knee flexion/adduction/internal rotation and negative values indicates knee extension/abduction/external rotation.
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6.3.6 Hip Moments Data

6.3.6.1 Sagittal Plane Hip Moments

Peak hip extension and flexion moments were found to be non-normally distributed.
Differences between pre- and immediate post-tape for the two groups were explored
using Wilcoxon Sign Rank tests. For the KTT group, there were no significant differences
between pre- and immediate post-tape for peak hip extension moments in both females
and males (p=0.866, p=0.575), respectively, and no significant effect in pre-immediate
post-tape was seen for the peak hip flexion moments in both females and males
(p=0.310, p=0.799), respectively. In addition, for the KTNT group, no significant effect of
pre-immediate post-tape for peak hip extension moments was observed in both females
and males (p=0.866, p=0.678), respectively, and no significant effect in pre-immediate
post-tape was seen for the peak hip flexion moments in both females and males

(p=0.612, p=0.953), respectively, Table 6-10.

Mann-Whitney U tests were used to explore the differences in peak hip extension
moments and peak hip flexion moments between the KTT and KTNT groups, and sexes.
These showed no significant differences between groups in the peak hip extension and
flexion moments for pre-tape and immediate post-tape (p>0.05), Table 6-10.
Additionally, no significant difference was observed between sexes for the peak hip
extension and flexion moments in both pre-tape and immediate post-tape in the KTT
and KTNT groups (p>0.05), Table 6-10. Therefore, the peak hip extension moments and
peak hip flexion moments group effects can be further analysed with mixed sexes using
Wilcoxon Sign Rank tests which showed no significant difference between pre- and
immediate post-tape for the peak hip extension and flexion moments in both the KTT

and KTNT groups (p>0.05).

6.3.6.2 Coronal Plane Hip Moments

The peak hip abduction moments were found to be normally distributed but the peak
hip adduction moments were found to be non-normally distributed. Unpaired t-tests
showed no pre-tape differences between groups in the peak hip abduction moments

(p>0.05).
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The Mixed Methods ANOVA tests showed no significant interactions between group and
pre-immediate post-tape, and between sex and pre-immediate post-tape in the peak
hip abduction moments (p>0.05). The Mixed Methods ANOVA showed no significant
main effects for pre-immediate post-tape, group, or sex (p=0.704, p=0.910, p=0.767),
respectively, Table 6-9.

Wilcoxon Sign Rank tests were used to explore the differences between pre- and
immediate post-tape for the two groups for peak hip adduction moments. For the KTT
group, there were no significant differences between pre- and immediate post-tape for
peak hip adduction moments in both females and males (p=0.273, p=0.878),
respectively. In addition, for the KTNT group, no significant effect in pre-immediate post
tape was seen for the peak hip adduction moments in both females and males (p=0.176,

p=0.260), respectively, Table 6-10.

Mann-Whitney U tests were used to explore the differences in peak hip adduction
moments between the KTT and KTNT groups, and sexes. This showed no significant
differences between groups for pre-tape and immediate post-tape (p>0.05). However,
the Mann-Whitney U-tests demonstrated a significant difference between sexes for the
peak hip adduction moments at immediate post-tape (p=0.019) but no significant
difference was observed at pre-tape in the KTT group. This showed that males had a
significantly greater peak hip adduction moments compared to females at immediate
post-tape in the KTT group. Nevertheless, no significant difference was observed
between sexes for the peak hip adduction moments in the KTNT group in both pre-tape

and immediate post-tape (p>0.05), Table 6-10.

6.3.6.3 Transverse Plane Hip Moments

The peak hip external rotation moments were found to be normally distributed but the
peak hip internal rotation moments were found to be non-normally distributed.
Unpaired t-tests showed no pre-tape differences between groups in the peak hip

external rotation moments (p>0.05).

The Mixed Methods ANOVA tests showed no significant interactions between group and

pre-immediate post-tape, and between sex and pre-immediate post-tape in the peak
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hip external rotation moments (p>0.05). The Mixed Methods ANOVA showed no
significant main effects for pre-immediate post-tape, group, or sex (p=0.742, p=0.995,

p=0.202), respectively, Table 6-9.

Wilcoxon Sign Rank tests were used to explore the differences between pre- and
immediate post-tape for the two groups for the peak hip internal rotation moments. For
the KTT group, there were no significant differences between pre- and immediate post-
tape for peak hip internal rotation moments in both females and males (p=0.176,
p=0.114), respectively. Furthermore, for the KTNT group, no significant effect in pre-
immediate post-tape was observed for the peak hip internal rotation moments in both

females and males (p=0.735, p=0.441), respectively, Table 6-10.

Mann-Whitney U tests were used to explore the differences in peak hip internal rotation
moments between the KTT and KTNT groups, and sexes. This showed no significant
differences between groups for pre-tape and immediate post-tape (p>0.05). However,
the Mann-Whitney U-tests demonstrated a significant difference between sexes for the
peak hip external rotation moments at pre-tape (p=0.025) in the KTT group, and at pre-
tape (p=0.050) and immediate post-tape (p=0.039) in the KTNT group. These showed
that males had a significantly greater peak hip internal rotation moments compared to
females. Nevertheless, no significant difference was observed between sexes for the
peak hip internal rotation moments at immediate post-tape in the KTT group (p>0.05),

Table 6-10.
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Table 6-9 Mean (SD) and Mixed Methods ANOVA for peak hip moments in the sagittal, coronal, and transverse plane.

KTT group KTNT group P-value (I‘]pz)
Hip Females (n=7) Males (n=10) Females (n=7) Males (n=9) Pre- Group Sex
Moments
(Nm/kg)? Pre- Immediate Pre- Immediate Pre- Immediate Pre- Immediate | Immediate post  effect effect
tape post-tape tape post-tape tape post-tape tape post-tape effect

Peak 1.75 1.74 1.56 1.58 1.54 1.50 1.76 1.77 0.704 0.910 0.767
abduction (0.36) (0.36) (0.36) (0.32) (0.37) (0.43) (0.30) (0.27) (0.005) (<0.001) (0.003)
Peak 0.61 0.62 0.55 0.54 0.65 0.63 0.51 0.52 0.742 0.995 0.202
external (0.19) (0.20) (0.26) (0.30) (0.18) (0.20) (0.16) (0.16) (0.004) (<0.001) (0.056)
rotation

2 Positive values indicate hip extension/abduction/external rotation and negative values indicate hip flexion/adduction/internal rotation.
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Table 6-10 Median (Q1, Q3), Wilcoxon Sign Rank test for within group and within sex, and Mann-Whitney U-tests for between group for peak hip moments in

the sagittal, coronal, and transverse plane.

KTT group KTNT group P-value
Hip Moments Females (n=7) Males (n=10) Females (n=7) Males (n=9) Between Between
(Nm/kg)? Pre-tape Immediate Pre-tape Immediate Pre-tape Immediate Pre-tape Immediate Group Group
post-tape post-tape post-tape post-tape Pre-tape Immediate
post-tape

Peak extension 1.35 1.50 1.57 1.56 1.45 1.56 1.71 1.63 0.564 0.857
(1.18,1.88)  (1.21,1.63) | (1.26,2.01)  (1.21,2.22) | (1.07,2.07)  (1.09,1.83) | (1.22,2.10)  (1.27,2.15) : :

Pre-immediate post 0.866 0.575 0.866 0.678

tape (p-value)

Peak flexion -0.70 -0.74 -0.77 -0.78 -0.65 -0.73 -0.84 -0.88 0.914 0.564
(-0.74,-0.64) (-0.79,-0.68) | (-1.36,-0.58) (-1.33,-0.64) | (-0.82,-0.51) (-0.78,-0.50) | (-1.04,-0.57) (-1.15,-0.54) ‘ ‘

Pre-immediate post 0.310 0.799 0.612 0.953

tape (p-value)

Peak adduction® -0.09 -0.09 -0.15 -0.13 -0.13 -0.14 -0.16 -0.15 0.692 0313
(-0.13,-0.07) (-0.12,-0.07) | (-0.19,-0.08) (-0.18,-0.12) | (-0.21,-0.07) (-0.19,-0.11) | (-0.20,-0.05) (-0.21,-0.08) ) )

Pre-immediate post 0.237 0.878 0.176 0.260

tape (p-value)

r":;';'::ir?i' -0.05 -0.08 -0.15 0.14 -0.04 -0.04 -0.10 0.11 0.49 0914
(-0.07,-0.04) (-0.09, -0.03) | (-0.20, -0.05) (-0.19, -0.05) | (-0.07,-0.02) (-0.06,-0.03) | (-0.21,-0.05) (-0.19, -0.07)

Pre-immediate post 0.176 0.114 0.735 0.441

tape (p-value)

2 Positive values indicate hip extension/abduction/external rotation and negative values indicate hip flexion/adduction/internal rotation.

b = significant between sexes at pre-tape in KTT group, © = significant between sexes at immediate post-tape in KTT group,

4 = significant between sexes at pre-tape in KTNT group, € = significant between sexes at immediate post-tape in KTNT group.
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6.3.7 Knee Moments Data

6.3.7.1 Sagittal Plane Knee Moments

The peak knee extension and flexion moments were found to be normally distributed.
Unpaired t-tests showed no pre-tape differences between groups in the peak knee

extension moments and peak knee flexion moments (p>0.05).

The Mixed Methods ANOVA tests showed no significant interactions between group and
pre-immediate post-tape, and between sex and pre-immediate post-tape in all sagittal
plane knee moments parameters (p>0.05). The Mixed Methods ANOVA tests showed no
significant main effects for pre-immediate post-tape for peak knee extension and flexion
moments (p=0.257, p=0.723), respectively. In addition, no significant main effects for
group were observed for peak knee extension and flexion moments (p=0.800, p=0.669),
respectively. However, significant main effects for sex were seen for peak knee flexion
moments (p=0.003, ny?=0.272) with no significant difference seen for peak knee
extension moments (p=0.834), Table 6-11. The LSD post hoc test showed that males had

a significantly greater peak knee flexion moment compared to females, Table 6-12.

6.3.7.2 Coronal Plane Knee Moments

The peak knee abduction moments were found to be normally distributed but the peak
knee adduction moments were found to be non-normally distributed. Unpaired t-tests
showed no pre-tape differences between groups in the peak knee abduction moments

(p>0.05).

The Mixed Methods ANOVA tests showed no significant interactions between group and
pre-immediate post-tape, and between sex and pre-immediate post-tape in the peak
knee abduction moments (p>0.05). The Mixed Methods ANOVA showed no significant
main effects for pre-immediate post-tape, group, or sex (p=0.298, p=0.988, p=0.242),
respectively, Table 6-11.

Wilcoxon Sign Rank tests were used to explore the differences between pre- and
immediate post-tape for the two groups for the peak adduction moments. For the KTT
group, there were no significant differences between pre- and immediate post-tape for
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peak knee adduction moments in both females and males (p=0.398, p=0.508),
respectively. Furthermore, for the KTNT group, no significant effect in pre-immediate
post-tape was observed for the peak knee adduction moments in both females and

males (p=0.237, p=0.859), respectively, Table 6-13.

Mann-Whitney U tests were used to explore the differences in the peak knee adduction
moments between the KTT and KTNT groups, and sexes. This showed no significant
differences between groups in the peak knee adduction moments for pre-tape and
immediate post-tape (p>0.05). However, the Mann-Whitney U tests demonstrated a
significant difference between sexes for the peak knee adduction moments at
immediate post-tape (p=0.023) but no significant difference was observed at pre-tape
in the KTNT group. Nevertheless, no significant difference was observed between sexes
for the peak knee adduction moments in the KTT group in both pre-tape and immediate

post-tape (p>0.05), Table 6-13.

6.3.7.3 Transverse Plane Knee Moments

The peak knee internal rotation moments were found to be normally distributed but the
peak knee external rotation moments were found to be non-normally distributed.
Unpaired t-tests showed no pre-tape differences between groups in the peak knee

abduction moments (p>0.05).

The Mixed Methods ANOVA tests showed no significant interactions between group and
pre-immediate post-tape, and between sex and pre-immediate post-tape in the peak
knee internal rotation moments (p>0.05). The Mixed Methods ANOVA showed no
significant main effects for pre-immediate post-tape, group, or sex (p=0.561, p=0.390,

p=0.520), respectively, Table 6-11.

Wilcoxon Sign Rank tests were used to explore the differences between pre- and
immediate post-tape for the two groups for the peak knee external rotation moments.
For the KTT group, no significant differences between pre- and immediate post-tape was
seen for peak knee external rotation moments in both females and males (p=0.176,

p=0.508), respectively. Additionally, for the KTNT group, there was no significant effect
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in pre-immediate post-tape for the peak knee external rotation moments in both

females and males (p=0.612, p=0.314), respectively, Table 6-13.

Mann-Whitney U tests were used to explore the differences in peak knee external
rotation moments between the KTT and KTNT groups, and sexes. These showed no
significant differences between groups for pre-tape (p=0.183), but a significant
difference was seen for immediate post-tape (p=0.044). This showed peak knee external
rotation moment in the KTT group were significantly decreased compared to KTNT at
immediate post-tape, Table 6-13. Additionally, no significant difference was observed
between sexes for the peak knee external rotation moments in both pre-tape and
immediate post-tape in KTT and KTNT groups (p>0.05), Table 6-13. Therefore, the peak
knee external rotation moments can be further analysed with mixed sexes using
Wilcoxon Sign Rank tests which showed no significant difference between pre- and
immediate post-tape for the peak knee external rotation moments in both the KTT and

KTNT groups (p>0.05).
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Table 6-11 Mean (SD) and Mixed Methods ANOVA for peak knee moments in the sagittal, coronal and transverse plane.

KTT group KTNT group P-value (ny?)
M::'\eeits Females (n=7) Males (n=10) Females (n=7) Males (n=9) Pre- Group Sex
(Nm/kg)? Pre-tape Immediate | Pre-tape Immediate | Pre-tape Immediate | Pre-tape Immediate Immediate effect effect
post-tape post-tape post-tape post-tape post effect
Peak 2.29 2.26 2.30 2.27 2.31 2.27 2.34 2.34 0.257 0.800 0.834
extension (0.45) (0.53) (0.34) (0.42) (0.28) (0.30) (0.41) (0.45) (0.044) (0.002) (0.002)
Peak flexion -0.22 -0.22 -0.32 -0.32 -0.20 -0.20 -0.32 -0.31 0.723 0.669 0.003*
(0.06) (0.06) (0.07) (0.10) (0.14) (0.09) (0.12) (0.10) (0.004) (0.006) (0.272)
Peak 0.64 0.60 0.67 0.67 0.57 0.54 0.74 0.73 0.298 0.988 0.242
abduction (0.21) (0.22) (0.32) (0.30) (0.31) (0.37) (0.24) (0.20) (0.037) (<0.001) (0.047)
Peak internal -0.47 -0.45 -0.36 -0.37 -0.36 -0.34 -0.39 -0.39 0.561 0.390 0.520
rotation (0.19) (0.16) (0.14) (0.14) (0.14) (0.19) (0.08) (0.07) (0.012) (0.026) (0.014)

* Significant main effect at the 0.05 level.

2 Positive values indicate knee extension/abduction/external rotation and negative values indicate knee flexion/adduction/internal rotation.

Table 6-12 Pairwise comparison for sex differences of knee moments.

Knee Moments Mean Difference 95% Confidence Interval for Difference
P-value
(Nm/kg) (Female vs Male) Lower Bound Upper Bound
Peak flexion 0.11 0.003* 0.04 0.17

* Significant difference at the 0.05 level.

Negative values indicate a greater knee flexion moment in the females when compared with the males.
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Table 6-13 Median (Q1, Q3), Wilcoxon Sign Rank test for within group and within sex, and Mann-Whitney U-tests for between group for peak

knee moments in the sagittal, coronal, and transverse plane.

KTT group KTNT group P-value

Knee Moments Females (n=7) Males (n=10) Females (n=7) Males (n=9) thrvc\)lj:n thrvc\)lj:n

(Nm/kg)® Pre-tape Immediate Pre-tape Immediate Pre-tape Immediate Pre-tape Immediate Pre-tape Immediate

post-tape post-tape post-tape post-tape
post-tape

Peak -0.04 -0.02 -0.05 -0.05 -0.08 -0.11 -0.04 -0.04 0.692 0.098
adduction® (-0.05, -0.04) (-0.06,-0.01) | (-0.10,-0.03) (-0.08,-0.03) | (-0.15,-0.05) (-0.15,-0.08) | (-0.08,-0.04) (-0.08,-0.03) ) '
Pre-immediate
post tape 0.398 0.508 0.237 0.859
(p-value)
Peak external 0.02 0.01 0.02 0.02 0.03 0.03 0.02 0.02 0.183 0.044*
rotation (0.01,0.02) (<0.01, 0.02) (0.02, 0.03) (0.02,0.02) (0.01,0.04) (0.01,0.04) (0.01,0.04) (0.01,0.04) ) '
Pre-immediate
post tape 0.176 0.508 0.612 0.314
(p-value)

* Significant difference at the 0.05 level, b = significant between sexes at immediate post-tape in KTNT group.
2 Positive values indicate knee extension/abduction/external rotation and negative values indicate knee flexion/adduction/internal rotation.
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6.3.8 Average Electromyography Data

All parameters of average EMG were found to be normally distributed. Unpaired t-tests
showed no pre-tape differences between groups in all parameters of average EMG

(p>0.05).

The Mixed Methods ANOVA tests showed no significant interactions between group and
pre-immediate post-tape conditions for any average EMG parameters (p>0.05). In
addition, there were no significant interactions between sex and pre-immediate post-
tape conditions in almost all parameters except average TFL EMG. The Mixed Methods

ANOVA showed a significant main effect for pre-immediate post-tape for average Gmax

EMG (p=0.003, np?=0.217), average Gmed EMG (p<0.001, n,>=0.344), average TFLEMG

(p<0.001, np?=0.343), and average VM EMG (p=0.037, np?=0.115) but no significant
difference was seen for average VL EMG (p=0.086). However, no significant main effect
was observed for group or sex for any average EMG parameters (p>0.05), Table 6-14.
The LSD post hoc tests showed a significantly lower average EMG for Gmax, Gmed, TFL,
and VM immediate post-tape compared to pre-tape, Table 6-15. The significant
interaction between sex and pre-immediate post-tape conditions for the average TFL
EMG was further explored using post hoc paired t-tests. This showed a significant
decrease for the average TFL EMG in females immediate post-tape (p<0.001) but no
significant change was seen in the males (p=0.164), Table 6-16. Figure 6-10 presents the
normalised EMG signals for Gmax, Gmed, TFL, and VM time series graph under pre-tape

and immediate post-tape conditions in KTT and KTNT groups.
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Table 6-14 Mean (SD) and Mixed Methods ANOVA for normalised values from average EMG signal analysis in each group during stance phase.

KTT group KTNT group P-value (ny?)
Average
. Females (n=9) Males (n=11) Females (n=10) Males (n=10) Pre- Group Sex
Normalised
Pre-tape Immediate | Pre-tape Immediate | Pre-tape Immediate | Pre-tape Immediate | Immediate effect effect
EMG
post-tape post-tape post-tape post-tape post effect
Gmax 0.141 0.125 0.125 0.120 0.130 0.114 0.123 0.115 0.003* 0.408 0.449
(0.044) (0.025) (0.033) (0.036) (0.025) (0.016) (0.024) (0.023) (0.217) (0.019) (0.016)
Gmed 0.123 0.096 0.120 0.112 0.118 0.091 0.115 0.102 <0.001 * 0.519 0.600
(0.032) (0.035) (0.040) (0.042) (0.028) (0.032) (0.033) (0.029) (0.344) (0.012)  (0.008)
TFL® 0.129 0.098 0.136 0.123 0.140 0.101 0.129 0.121 <0.001 * 0.875 0.256
(0.032) (0.027) (0.035) (0.028) (0.025) (0.031) (0.030) (0.041) (0.343) (0.001) (0.036)
VM 0.112 0.100 0.109 0.100 0.131 0.117 0.113 0.114 0.037%* 0.073 0.431
(0.034) (0.027) (0.022) (0.032) (0.020) (0.024) (0.029) (0.025) (0.115) (0.086) (0.017)
VL 0.114 0.090 0.106 0.103 0.106 0.111 0.116 0.113 0.086 0.355 0.648
(0.037) (0.025) (0.030) (0.021) (0.037) (0.030) (0.029) (0.026) (0.080) (0.024)  (0.006)

* Significant main effect at the 0.05 level. Normalised to 1 which represents the maximum observed signal.

¢ = significant interaction between Sex x Pre-Immediate post-tape.
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Table 6-15 Pairwise comparisons of main pre-immediate post-tape effect for average

EMG
Average Mean Difference 95% Confidence Interval for
Normalised | (Pre-tape vs Immediate | P-value Difference

EMG post-tape) Lower Bound Upper Bound

Gmax 0.011 0.003* 0.004 0.019

Gmed 0.019 <0.001* 0.010 0.027

TFL 0.023 <0.001* 0.012 0.033

VM 0.009 0.037* 0.001 0.017

* Significant difference at the 0.05 level.

Normalised to 1 which represents the maximum observed signal.

Table 6-16 The Paired t-test on pre-immediate post-tape for average TFL EMG in each

sex separately.

95% Confidence Interval for
Average Mean Difference
Difference
Normalised (Pre-tape vs P-value
Lower
TFLEMG Immediate post-tape) Upper Bound
Bound
Females 0.035 <0.001* 0.020 0.050
Males 0.011 0.164 -0.005 0.026

* Significant difference at the 0.05 level.

Normalised to 1 which represents the maximum observed signal.
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Figure 6-10 Time series graph for normalised EMG signals for Gmax (a, b), Gmed (c,

d), TFL (e, f), VM (g, h) under pre-tape and immediate post-tape conditions in KTT

and KTNT groups. Normalised to 1 which represents the maximum observed signal.
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6.3.9 Peak Electromyography Data

Only peak Gmax EMG was found to be normally distributed. Unpaired t-tests showed no

pre-tape differences between groups in the peak Gmax EMG (p>0.05).

The Mixed Methods ANOVA tests showed no significant interactions between group and
pre-immediate post-tape, and between sex and pre-immediate post-tape in the peak
Gmax EMG (p>0.05). The Mixed Methods ANOVA showed no significant main effect for
pre-immediate post-tape for peak Gmax EMG (p=0.114). No significant main effect was

seen for group for peak Gmax EMG (p=0.538). However, there was a significant main
effect for sex for the peak Gmax EMG (p=0.008, n,?=0.182), Table 6-17. The LSD post

hoc tests showed that females had a significantly decreased peak Gmax EMG compared

to males, Table 6-18.

Wilcoxon Sign Rank tests were used to explore the differences between pre- and
immediate post-tape for the two groups for the peak EMG of Gmed, TFL, VM, and VL.
For the KTT group, there was a significant difference between pre- and immediate post-
tape for peak Gmed EMG in females (p=0.038). However, there were no significant
differences between pre- and immediate post-tape for peak Gmed EMG in males
(p=0.929) and peak EMG of TFL, VM, and VL in both females and males (p>0.05), Table
6-19. For the KTNT group, there was a significant main effect of pre-immediate post-
tape for peak EMG of Gmed, TFL, and VM in females (p=0.047, p=0.028, p=0.022),
respectively. No significant differences between pre- and immediate post-tape were seen
for peak EMG of Gmed, TFL, VM in males (p=0.203, p=0.445, p=0.575), respectively, and
peak EMG of VL in both females and males (p=0.169, p=0.386), respectively, Table 6-19.

Mann-Whitney U tests were used to explore the differences in the peak EMG of Gmed,
TFL, VM, and VL between the KTT and KTNT groups, and sexes. These showed a
significant difference between groups at pre-tape for the peak VM EMG (p=0.030) but
no significant difference was seen at immediate post-tape (p=0.372). However, there
was no a significant difference between KTT and KTNT group at pre-tape and immediate

post-tape for peak EMG of Gmed, TFL, and VL (p>0.05), Table 6-19.
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In addition, the Mann-Whitney U tests demonstrated significant differences between
sexes for peak EMG of Gmed and VL at immediate post-tape in the KTT group (p=0.044,
p=0.044), respectively. This showed that males had a significantly greater peak Gmed
EMG and VL compared to females at immediate post-tape. However, no significant
differences were seen between sexes for peak EMG of TFL and VM in both pre-tape and
immediate post-tape in both the KTT and KTNT groups (p>0.05), Table 6-19. Therefore,
the peak EMG of TFL and VM can be further analysed with mixed sexes using Wilcoxon
Sign Rank tests which showed a significant decrease in immediate post-tape for the peak
EMG of TFL in both the KTT (p=0.048) and KTNT groups (p=0.04). In addition, there was
a significant decrease in immediate post-tape for the peak EMG of VM in the KTNT group
(p=0.037) but no significant difference was seen in the KTT group (p=0.204), Table 6-20.
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Table 6-17 Mean (SD) and Mixed Methods ANOVA for normalised values from peak EMG signal analysis in each group during stance phase.

KTT group KTNT group P-value (npz)
Peak
. Females (n=9) Males (n=11) Females (n=10) Males (n=10) Pre- Group Sex
Normalised
EMG Pre- Immediate Pre- Immediate Pre- Immediate Pre- Immediate | Immediate effect effect
tape post-tape tape post-tape tape post-tape tape post-tape | post effect
Gmax 0.535 0.527 0.683 0.625 0.580 0.517 0.626 0.571 0.114 0.538  0.008*
(0.191)  (0.176) | (0.111)  (0.083) | (0.118)  (0.138) | (0.118)  (0.106) (0.068)  (0.011) (0.182)
* Significant main effect at the 0.05 level.
Normalised to 1 which represents the maximum observed signal.
Table 6-18 Pairwise comparison for sex differences of peak EMG.
Mean Difference 95% Confidence Interval for Difference
Peak Normalised EMG P-value
(Female vs Male) Lower Bound Upper Bound
Gmax -0.086 0.008* -0.148 -0.024

* Significant difference at the 0.05 level.

Normalised to 1 which represents the maximum observed signal.
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Table 6-19 Median (Q1, Q3) and Wilcoxon Sign Rank test within the two groups and two sexes separately, and Mann-Whitney U-tests for between

group for normalised values from peak EMG signal analysis in each group during stance phase.

Peak KTT group KTNT group P-value
Normalised Females (n=9) Males (n=11) Females (n=10) Males (n=10) Between Between
EMG Pre-tape Immediate Pre-tape Immediate Pre-tape Immediate Pre-tape Immediate Group Group
post-tape post-tape post-tape post-tape Pre-tape Immediate
post-tape

Gmed? 0.653 0.438 0.675 0.714 0.668 0.599 0.654 0.647 0.957 0.829
(0.567,0.748) (0.293,0.638) | (0.587,0.753) (0.579,0.794) | (0.648,0.746) (0.463,0.716) | (0.625,0.726) (0.472,0.673) ' '

Pre-post tape 0.038* 0.929 0.047* 0.203

(p-value)

TFL 0.690 0.622 0.787 0.606 0.643 0.485 0.691 0.591 0.291 0.279
(0.508, 0.753) (0.534,0.649) | (0.617,0.815) (0.499, 0.643) | (0.589,0.749) (0.354,0.621) | (0.550,0.759) (0.524, 0.663) ' )

Pre-immediate

post tape 0.374 0.075 0.028* 0.445

(p-value)

VM 0.637 0.637 0.679 0.652 0.767 0.606 0.691 0.689 0.030* 0.372
(0.516,0.769) (0.423,0.712) | (0.597,0.710) (0.500, 0.734) | (0.706,0.814) (0.565, 0.736) | (0.621,0.802) (0.580, 0.787) ) )

Pre-immediate

post tape 0.441 0.131 0.022%* 0.575

(p-value)

vL® 0.734 0.571 0.629 0.648 0.704 0.690 0.682 0.668 0.685 0.048*
(0.623,0.785) (0.499,0.631) | (0.555,0.768) (0.550, 0.714) | (0.460,0.751) (0.608, 0.767) | (0.575,0.772) (0.594, 0.701) ' '

Pre-immediate

post tape 0.066 0.790 0.169 0.386

(p-value)

* Significant difference at the 0.05 level. Normalised to 1 which represents the maximum observed signal.

@ = significant between sexes at pre-tape in KTT group.
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Table 6-20 The Wilcoxon Sign Rank tests results for pre-immediate post-tape in KTT

and KTNT groups.

KTT group KTNT group
Peak Normalised
Median Median
EMG P-value P-value
Difference Difference
TFL 0.119 0.048* 0.127 0.040*
VM 0.029 0.108 0.075 0.037*

* Significant difference at the 0.05 level.

Normalised to 1 which represents the maximum observed signal.

6.3.10 Clinical Outcome Measures

6.3.10.1 Numerical Pain Rating scale (NPRS)

NPRS was found to be non-normally distributed. Therefore, the Friedman test was used
to explore the differences between pre-tape, immediate post-tape, day 4, and day 7 of
taping for the two groups for the NPRS. For the KTT group, there was a significant
difference between pre-tape, immediate post-tape, day 4, and day 7 of taping for NPRS
in both females (p<0.001, W=0.896) and males (p<0.001, W=0.799). In addition, for the
KTNT group, a significant difference between pre-tape, immediate post-tape, day 4, and
day 7 of taping was seen for NPRS in both females (p<0.001, W=0.726) and males
(p<0.001, W=0.582).

The Mann-Whitney U tests demonstrated no significant difference between sexes for
NPRS at pre-tape, immediate post-tape, day 4, and day 7 of taping in both KTT and KTNT
groups (p>0.05), Table 6-21. Therefore, the comparison within groups for NPRS with
mixed sexes can be further analysed using Friedman test. The Friedman test showed a
significant difference for NPRS in the KTT group (p<0.001, W=0.838), and KTNT group
(p<0.001, W=0.650) between pre-tape, immediate post-tape, day 4 of taping, and day 7
of taping. The Wilcoxon Signed Rank test was used to further explore any differences
between time points within the two groups separately. For the KTT group, the Wilcoxon
Signed Rank test showed significantly lower NPRS scores immediately post-tape
compared to pre-tape (p<0.001), day 4 of taping compared to pre-tape (p<0.001), day 7

compared to pre-tape (p<0.001), day 4 of taping compared to immediate post-tape
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(p=0.008), and day 7 of taping compared to immediate post-tape (p=0.002). However,
there was no significant difference between day 7 of taping compared to day 4 of taping
(p=0.596). For the KTNT group, the Wilcoxon Signed Rank test showed significantly lower
NPRS scores immediately post-tape compared to pre-tape (p<0.001), day 4 of taping
compared to pre-tape (p<0.001), day 7 of taping compared to pre-tape (p<0.001), and
day 7 of taping compared to immediate post-tape (p=0.005). There was no significant
difference between day 4 of taping compared to immediate post-tape (p=0.212) and day
7 of taping compared to day 4 of taping (p=0.064), Table 6-22. Figure 6-11 presents the
comparison between pre-tape, immediate post-tape, day 4 of taping, and day 7 of taping

for NPRS in both the KTT and KTNT groups.

The Mann-Whitney U tests showed a significant difference between the KTT and KTNT
groups at pre-tape (p=0.006) and day 4 of taping (p=0.007). However, there was no
significant difference immediately post-tape (p=0.128) and day 7 of taping (p=0.211),
Table 6-21.
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Table 6-21 Median (Q1, Q3), Friedman test for within the two groups and two sexes separately, and Mann-Whitney U-tests for between groups

and between sexes for NPRS.

KTT group P-value KTNT group P-value P-value
NPRS Females (n=9) Males (n=11) Sex Females (n=10) Males (n=10) Sex Between
difference difference Group
Pre-tape 6(4.5,7) 5(4,7) 0.290 4(3, 4) 4 (3, 6.25) 0.334 0.006*
Immediate post-tape 2 (1.5, 3) 1(0, 2) 0.160 2 (1.75, 3.25) 2.5 (0.75, 5.25) 0.817 0.128
Day 4 1(0, 2) 0(0, 2) 0.390 2 (1,3.25) 2(1,4.25) 0.641 0.007*
Day 7 1(0.5, 2.5) 0(0,1) 0.066 1(0, 2.5) 1(0, 3.5) 0.585 0.211
P value within sexes <0.001* <0.001* <0.001* <0.001*
each group (W) (0.896) (0.799) (0.726) (0.582)

* Significant difference at the 0.05 level.
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Table 6-22 The Wilcoxon Sign Rank tests results for NPRS between pre-tape,

immediate post-tape, day 4 of taping, and day 7 of taping in KTT and KTNT groups.

KTT group KTNT group
NPRS Median P-value Median P-value
Difference Difference
Pre-tape vs
Immediate post- 4 <0.001* 2 <0.001*
tape
Pre-tape vs Day 5.5 <0.001* 2 <0.001*
4 of taping
Pre-tape vs Day 5 <0.001* 3 <0.001*
7 of taping
Immediate post-
tape vs Day 4 of 1.5 0.008* 0 0.212
taping
Immediate post-
tape vs Day 7 of 1 0.002* 1 0.005*
taping
Day 4 of taping
vs Day 7 of -0.5 0.596 1 0.064
taping
* Significant difference at the 0.05 level.
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Figure 6-11 NPRS scores across time points for KTT and KTNT groups.
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6.3.10.2 Knee Injury and Osteoarthritis Outcome Score (KOQOS)

KOOS was found to be non-normally distributed. Differences between pre-tape and day
7 of taping for the two groups were explored using Wilcoxon Sign Rank tests. The
Wilcoxon Sign Rank tests showed a significant increase in KOOS score from pre-tape to
day 7 of taping in the KTT group for domains of pain in males (p=0.034), symptoms in
females (p=0.035), ADL in both females and males (p=0.035, p=0.017), respectively, and
sport and recreation in both females and males (p=0.028, p=0.007), respectively.
However, there was no significant difference in the KOOS scores for domains of pain in
females (p=0.080), symptoms in males (p=0.812), and knee-related quality of life in both
females and males (p=0.065, p=0.088), respectively. For the KTNT group, there was a
significant increase in the KOOS scores from pre-tape to day 7 of taping in the domains
of ADL in females (p=0.007), however no significant difference was seen in males
(p=0.394). In addition, no significant difference was seen for domains of pain, symptoms,
sport and recreation, and knee-related quality of life in both females and males (p>0.05),
Table 6-23. Figure 6-12 showed the comparison between pre-tape and day 7 of taping
for the KOQOS scores in the KTT and KTNT groups.

Mann-Whitney U tests showed no significant difference between the KTT and KTNT
groups at pre-tape and day 7 of taping for all domains of the KOOS score (p>0.05), Table
6-23. In addition, the Mann-Whitney U tests demonstrated no significant difference
between sexes for all domains of the KOOS score between pre-tape and day 7 of taping
in both the KTT and KTNT groups (p>0.05). Therefore, the comparison for all domains of
the KOOS score within groups with mixed sexes can be further analysed using Wilcoxon
Signed Rank tests. These showed a significant increase in the KOOS score from pre-tape
to day 7 of taping in the KTT group for the domains of pain (p=0.009), symptoms
(p=0.046), ADL (p=0.002), sport and recreation (p=0.001), and knee-related quality of
life (p=0.011). For the KTNT group, there was a significant increase in the KOOS score
from pre-tape to day 7 of taping for ADL (p=0.022), but no significant differences were
seen for the domains of pain (p=0.329), symptoms (p=0.285), sport and recreation

(p=0.170), and knee-related quality of life (p=0.645), Table 6-24.
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Table 6-23 Median (Q1, Q3) and Wilcoxon Sign Rank test within the two groups and two sexes separately, and Mann-Whitney U-tests for between

groups and between sexes for KOOS scores.

KTT group KTNT group P-value
Females (n=9) Males (n=11) Females (n=10) Males (n=10) Between Between
KOOS scores Pre-tape Day 7 of Pre-tape Day 7 of Pre-tape Day 7 of Pre-tape Day 7 of Group Group
taping taping taping taping Pre-tape Day 7 of
taping
Pain 88.89 97.22 88.89 97.22 87.50 93.06 90.28 91.67 0.989 0.062
(72.23,98.61) (93.06, 98.61) (77.78, 100) (86.11, 100) (80.55,97.22)  (84.72,95.14) | (83.33,95.83) (82.64,95.83)
Pre-tape- Day 7 of 0.080 0.034* 0.207 0.833
taping (p-value)
Symptoms 75 92.86 92.86 89.29 73.22 83.93 83.93 83.93 0.714 0.121
(67.86, 89.29) (85.71, 100) (71.43,96.43)  (75.00,96.43) | (66.97,89.29) (74.11,92.86) | (81.25,93.75) (73.22,97.32)
Pre-tape-Day 7 of 0.035* 0.812 0.123 0.953
taping (p-value)
ADL 95.59 98.53 95.59 97.06 95.59 97.80 97.06 95.59 0.521 0.196
(86.77, 97.06) (95.59, 100) (89.71, 98.53) (94.12, 100) (88.97, 98.53) (95.22, 100) (86.77,98.90)  (94.12,97.43)
Pre-tape-Day 7 of 0.035* 0.017* 0.007* 0.394
taping (p-value)
Sport and 80.00 90.00 70.00 90.00 77.50 87.50 80.00 85.00 0.230 0.273
Recreation (67.50, 85.00) (82.50,97.50) | (65.00,80.00) (75.00,95.00) | (67.50,96.25) (78.75,96.25) | (70.00,91.25) (75.00, 90.00)
Pre-tape-Day 7 of 0.028* 0.007* 0.215 0.570
taping (p-value)
Knee-related 62.50 75.00 68.75 75.00 68.75 68.75 65.63 71.88 0.859 0.340
quality of life (43.75, 78.13) (59.38, 87.50) | (56.25,87.50) (68.75,81.25) | (56.25,76.56) (59.38,87.50) | (56.25,75.00) (48.44,81.25)
Pre-tape-Day 7 of 0.065 0.088 0.677 0.720
taping (p-value)

* Significant difference at the 0.05 level.
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Table 6-24 The Wilcoxon Sign Rank tests results for KOOS score between pre-tape

and day 7 of taping in KTT and KTNT groups.

KTT group KTNT group
Median Difference Median Difference
KOOS scores
(Day 7 of taping P-value (Day 7 of taping P-value
vs Pre-tape) vs Pre-tape)

Pain 8.33 0.009* 2.78 0.329
Symptoms 7.15 0.046* 1.79 0.285
ADL 2.94 0.002* 1.47 0.022*
Sport and

15.00 0.001* 5.00 0.170
Recreation
Knee-related

9.38 0.011* 6.25 0.645

quality of life

* Significant difference at the 0.05 level.

120

100

80

KOOS scores
[#2]
o

40

20

KTT

N Pre-tape; Symptom

B Day 7 of taping;-Symptom
H Pre-tape; Pain

= Day 7 of taping; Pain

B Pre-tape; ADL

® Day 7 of taping; -ADL

B Pre-tape; Sport recreation

B Day 7 of taping; Sport recreation

B Pre-tape; Quality of life

B Day 7 of taping; Quality of life

KTNT

Figure 6-12 Comparison between pre-tape and day 7 of taping for KOOS scores

in KTT and KTNT groups.
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6.3.10.3 Tampa Scale for Kinesiophobia (TSK)

TSK was found to be non-normally distributed. Therefore, the Friedman test was used
to explore the differences between pre-tape, immediate post-tape, day 4 of taping, and
day 7 of taping for the two groups for the TSK. Both the KTT and KTNT groups, there was
no significant difference between pre-tape, immediate post-tape, day 4 of taping, and

day 7 of taping for TSK in both females and males (p>0.05), Table 6-25.

Mann-Whitney U tests showed no significant difference between KTT and KTNT group
at pre-tape, immediate post-tape, day 4 of taping, and day 7 of taping (p>0.05), Table
6-25. In addition, the Mann-Whitney U tests demonstrated no significant difference
between sexes for TSK at pre-tape, immediate post-tape, day 4, and day 7 of taping in
both KTT and KTNT groups (p>0.05), Table 6-25. Therefore, the comparison within
groups for TSK with mixed sexes can be further analysed using Friedman test. However,
the Friedman test showed no significant difference for TSK within both the KTT group
(p=0.138) and KTNT group (p=0.052) between pre-tape, immediate post-tape, day 4 of
taping, and day 7 of taping.
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Table 6-25 Median (Q1, Q3), Friedman test for within the two groups and two sexes separately, and Mann-Whitney U-tests for between groups

and between sexes for TSK.

KTT group P-value KTNT group P-value P-value
TSK Females (n=9) Males (n=11) Sex Females (n=10) Males (n=10) Sex Between
difference difference Group
47 43 41.5 435
Pre-tape 0.252 0.760 0.447
(41.5, 49) (39, 43) (40.75, 45.25) (40.75, 45.5)
45 42 42 435
Immediate post-tape 0.169 0.568 0.892
(41.5, 48) (37, 46) (38.25, 46) (41.25, 45.75)
45 41 42.5 41.5
Day 4 0.110 0.909 0.989
(39.5, 50.5) (39, 44) (39, 45.5) (39, 45.75)
42 40 40 40.5
Day 7 0.194 0.909 0.871
(39, 47) (36, 42) (38.75, 46) (36.5, 44.25)
P value within sexes 0.670 0.194 0.422 0.074
each group (W) (0.057) (0.143) (0.094) (0.231)
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6.3.10.4 Global Rating Of Change Scale (GROC)

GROC was found to be non-normally distributed. Therefore, the Friedman test was used
to explore the differences between immediate post-tape, day 4, and day 7 of taping for
the two groups for the GROC. For the KTT group, there was a significant difference
between immediate post-tape, day 4, and day 7 of taping for GROC in both females
(p<0.001, W=0.933) and males (p=0.013, W=0.396). In addition, for the KTNT group, a
significant difference between immediate post-tape, day 4, and day 7 of taping was seen

for GROC in both females (p<0.001, W=0.760) and males (p<0.001, W=0.663), Table 6-26.

The Wilcoxon Signed Rank test was used to further explore to determine any differences
between time points within the two groups separately. For females in the KTT group,
the Wilcoxon Signed Rank test showed a significantly greater GROC score at day 4 of
taping compared to immediate post-tape (p=0.007), and day 7 of taping compared to
immediate post-tape (p=0.007). However, there was no significant difference between
day 7 of taping compared to day 4 of taping (p=0.083), Table 6-27. For the males in the
KTT group, the Wilcoxon Signed Rank test showed a significantly greater GROC score at
day 4 of taping compared to immediate post-tape (p=0.021), and day 7 of taping
compared to immediate post-tape (p=0.020). However, no significant difference was
seen between day 7 of taping compared to day 4 of taping (p=0.480), Table 6-27. For the
females in the KTNT group, the Wilcoxon Signed Rank test showed a significantly greater
GROC score at day 4 of taping compared to immediate post-tape (p=0.039), day 7 of
taping compared to immediate post-tape (p=0.007), and day 7 of taping compared to
day 4 of taping (p=0.014), Table 6-28. For the males in the KTNT group, the Wilcoxon
Signed Rank test showed a significantly greater GROC score at day 4 of taping compared
to immediate post-tape (p=0.026), and day 7 of taping compared to immediate post-
tape (p=0.007). However, no significant difference was seen between day 7 of taping

compared to day 4 of taping (p=0.292), Table 6-28.

The Mann-Whitney U tests showed significant differences between the KTT and KTNT
groups at immediate post-tape (p=0.003), day 4 of taping (p<0.001), and day 7 of taping
(p=0.004), Table 6-26. Figure 6-13 presents the comparison between immediate post-

tape, day 4 of taping, and day 7 of taping for GROC in the KTT and KTNT groups.
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Moreover, the Mann-Whitney U tests demonstrated a significant difference between
sexes for GROC at immediate post-tape (p=0.021) in KTT group but this was not seen in
the KTNT group. In addition, there was no significant difference between sexes for the
GROC score at day 4, and day 7 of taping in both KTT and KTNT groups (p>0.05), Table

6-26. Therefore, the GROC cannot be further analysed with mixed sexes.

The number of participants for each GROC score category for the KTT and KTNT groups
are shown in Figure 6-14 and Figure 6-15. This study used a 15-point GROC score (-7 to
+7), for the KTT group, 12 participants indicated a clinically important change (+5 or
greater) at immediate post-tape with the remainder indicating no clinically important
change (between -4 and +4), with one reporting a clinically important negative effect on
GROC. At day 4 and day 7 of taping, 18 participants indicated a clinically important
change, with no participant reporting any negative clinically important changes. For the
KTNT group, three participants at immediate post-tape indicated a clinically important
change (+5 or greater), while 7 and 11 participants reported a clinically important change
at day 4 and day 7 of taping, respectively, with no participant reporting a clinically

important negative effect on GROC at immediate post-tape, day 4 and day 7 of taping.
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Table 6-26 Median (Q1, Q3), Friedman test for within the two groups and two sexes separately, and Mann-Whitney U-tests for between groups

and between sexes for GROC.

KTT group P-value KTNT group P-value P-value
GROC Females (n=9) Males (n=11) Sex Females (n=10) Males (n=10) Sex Between
difference difference | Group
Immediate post-
4(2,5) 5(5, 6) 0.021* 1.5 (0, 4.25) 2.5(0, 3.25) 0.847 0.003*
tape
Day 4 6 (5, 6) 6(5,7) 0.204 4(2.75, 6) 3.5 (2.5, 5) 0.465 <0.001*
Day 7 6 (5, 6.5) 6(6,7) 0.303 5.5(3.75, 6.25) 4 (3,5.25) 0.178 0.004*
P value within sexes <0.001* 0.013* <0.001* 0.001*
each group (W) (0.933) (0.396) (0.760) (0.663)

* Significant difference at the 0.05 level.
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Table 6-27 The Wilcoxon Sign Rank tests results for GROC between immediate post-tape,

day 4 of taping, and day 7 of taping for females and males in KTT group.

Females Males
GROC Median Median
P-value P-value
Difference Difference

Day 4 of taping
vs Immediate 2 0.007* 1 0.021*
post-tape
Day 7 of taping
vs Immediate 2 0.007* 1 0.020*
post-tape
Day 7 of taping
vs Day 4 of 0 0.083 0 0.480
taping

* Significant difference at the 0.05 level.

Table 6-28 The Wilcoxon Sign Rank tests results for GROC between immediate post-tape,

day 4 of taping, and day 7 of taping for females and males in KTNT group.

GROC

Females

Males

Median

Difference

P-value

Median

Difference

P-value

Day 4 of taping
vs Immediate

post-tape

2.5

0.039*

0.026*

Day 7 of taping
vs Immediate

post-tape

0.007*

1.5

0.007*

Day 7 of taping
vs Day 4 of
taping

1.5

0.014*

0.5

0.292

* Significant difference at the 0.05 level.
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Figure 6-13 Comparison between immediate post-tape, day 4 of taping, and day 7 of

taping for GROC scores in KTT and KTNT groups.
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Figure 6-14 Number of participants in each GROC score category in the KTT group between immediate post-tape, day 4 of taping, and day 7 of
taping compared to pre-tape. A score of 7 represents a very great deal better, 0 represents no change and -7 represents a very great deal worse.

The question asked was “Please rate the overall condition of your iliotibial band syndrome from the time that you began taping until now”.
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Figure 6-15 Number of participants in each GROC score category in the KTNT group between immediate post-tape, day 4 of taping, and day 7 of
taping compared to pre-tape. A score of 7 represents a very great deal better, 0 represents no change and -7 represents a very great deal worse.

The question asked was “Please rate the overall condition of your iliotibial band syndrome from the time that you began taping until now”.
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6.3.10.5 Perceived comfort, stability of the knee joint, and running performance

outcomes

6.3.10.5.1 Comfort Scores

Comfort score was found to be non-normally distributed. Therefore, the Friedman test
was used to explore the differences between immediate post-tape, day 4 of taping, and
day 7 of taping for the two groups for the comfort score. For the KTT group, there was
no significant difference between immediate post-tape, day 4 of taping, and day 7 of
taping for comfort score in both females (p=0.289) and males (p=0.141). For the KTNT
group, a significant difference between immediate post-tape, day 4 of taping, and day 7
of taping was seen for comfort score in females (p=0.005, W=0.521) but no significant

difference was seen in males (p=0.196), Table 6-29.

The Wilcoxon Signed Rank test was used to further explore to determine any differences
between time points for the females in the KTNT group. The Wilcoxon Signed Rank test
showed a significantly greater comfort score at day 4 of taping compared to immediate
post-tape (p=0.047), and day 7 of taping compared to immediate post-tape (p=0.006).
However, there was no significant difference between day 7 of taping compared to day

4 of taping (p=0.083), Table 6-30.

The Mann-Whitney U tests showed significant difference between the KTT and KTNT
groups at immediate post-tape (p<0.001). However, there were no significant
differences at day 4 of taping (p=0.129) and day 7 of taping (p=0.068), Table 6-29. The
Mann-Whitney U tests demonstrated a significant difference between sexes for comfort
score at day 4 of taping (p=0.012) in KTT group and at day 7 of taping (p=0.015) in the
KTNT group. No significant differences between sexes were seen for comfort score at
immediate post-tape and day 7 of taping in the KTT group, and at immediate post-tape
and day 4 of taping in the KTNT group (p>0.05), Table 6-29. Therefore, the comfort score

cannot be further analysed with mixed sexes.

The number of participants for each comfort score category for the KTT and KTNT groups
among immediate post-tape, day 4 of taping, and day 7 of taping is shown in Figure 6-16.

For the KTT group, 14 participants indicated a clinically important change (+2 or greater)
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at immediate post-tape and day 4 of taping, with 16 participants at day 7 of taping
revealed a clinically important change, with the remainder indicating no clinically
important change (between -1 and +1), with no participant reporting a clinically
important negative effect on comfort score (-2 or less). For the KTNT group, one
participant at immediate post-tape indicated a clinically important change (+2 or
greater), while 9 and 13 participants reported a clinically important change at day 4 and
day 7 of taping, respectively, with one participant reporting a clinically important

negative effect on comfort score at day 4 and day 7 of taping.
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Table 6-29 Median (Q1, Q3), Friedman test for within the two groups and two sexes separately, and Mann-Whitney U-tests for between groups

and between sexes for comfort scores.

Comfort scores KTT group P-value KTNT group P-value P-value
Females (n=9) Males (n=11) Sex difference | Females (n=10) Males (n=10) Sex difference | Between Group
Immediate post-tape 2 (0, 2.5) 2(1,2) 0.900 0.5(0,1) 0 (0, 0.25) 0.148 <0.001*
Day 4 of taping 1(0, 2) 2(2,3) 0.012* 2(0.75, 2) 0(0,2) 0.123 0.129
Day 7 of taping 2(1.5,2) 3(2,3) 0.153 2(2,2.25) 0.5(0, 2) 0.015* 0.068
P value within sexes 0.289 0.141 0.005* 0.196
each group (W) (0.138) (0.178) (0.521) (0.163)

* Significant difference at the 0.05 level.

Table 6-30 The Wilcoxon Sign Rank tests results for comfort scores between Immediate post-tape, day 4 of taping, and day 7 of taping for females

in KTNT groups.

Comfort scores Median Difference P-value
Day 4 of taping vs Immediate
post-tape 1.5 0.047*
Day 7 of taping vs Immediate
post-tape 1.5 0.006*
Day 7 of taping vs Day 4 of
taping 0 0.260

* Significant difference at the 0.05 level.
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Figure 6-16 Number of participants in each comfort score category in KTT and KTNT groups between immediate post-tape, day 4 of taping, and
day 7 of taping compared to pre-tape. A score of 3 represents strongly agree, 0 represents neutral and -3 represents strongly disagree.

The question asked was “Do you think this kinesio tape is comfortable compared to pre-tape?”.
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6.3.10.5.2 Knee stability scores

The knee stability scores were found to be non-normally distributed. Therefore, the Friedman
test was used to explore the differences between immediate post-tape, day 4 of taping, and
day 7 of taping for the two groups. For the KTT group, there were significant differences
between immediate post-tape, day 4 of taping, and day 7 of taping in both females (p=0.050,
W=0.333) and males (p=0.013, W=0.396). For the KTNT group, a significant difference between
immediate post-tape, day 4 of taping, and day 7 of taping was seen in the females (p=0.028,
W=0.358), but no significant difference was seen in the males (p=0.554), Table 6-31.

The Wilcoxon Signed Rank test was used to further explore any differences between time
points for both sexes in the KTT group and the females in the KTNT group. For the females in
the KTT group, the Wilcoxon Signed Rank test showed a significantly greater knee stability
score at day 4 of taping compared to immediate post-tape (p=0.046), and day 7 of taping
compared to day 4 of taping (p=0.034). However, there was no significant difference between
day 7 of taping compared to immediate post-tape (p=0.034), Table 6-32. For the males in the
KTT group, the Wilcoxon Signed Rank test showed a significantly greater knee stability score
at day 7 of taping compared to immediate post-tape (p=0.020), and day 7 of taping compared
to day 4 of taping (p=0.014). However, no significant difference was seen between day 4 of
taping compared to immediate post-tape (p=0.655), Table 6-32. For the females in the KTNT
group, the Wilcoxon Signed Rank test showed a significantly greater knee stability score at
day 4 of taping compared to immediate post-tape (p=0.047), day 7 of taping compared to
immediate post-tape (p=0.026). However, no significant difference was seen between day 7

of taping compared to day 4 of taping (p=0.564), Table 6-33.

The Mann-Whitney U tests showed significant differences between the KTT and KTNT groups
at immediate post-tape (p<0.001) and day 7 of taping (p<0.001). However, there was no
significant difference at day 4 of taping (p=0.690), Table 6-31. The Mann-Whitney U test
demonstrated a significant difference between sexes for knee stability scores at day 7 of
taping (p=0.048) in the KTT group. No significant difference between sexes was seen for
comfort score at immediate post-tape and day 4 of taping in KTT group, and at immediate
post-tape, day 4 of taping, and day 7 of taping in KTNT group (p>0.05), Table 6-31. Therefore,

the knee stability scores cannot be further analysed with mixed sexes.
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The number of participants for each knee stability scores category for the KTT and KTNT
groups between immediate post-tape, day 4 of taping, and day 7 of taping is shown in Figure
6-17. For the KTT group, 17 participants at immediate post-tape indicated a clinically
important change (+2 or greater), while 13 and 20 participants reported a clinically important
change at day 4 and day 7 of taping, respectively, with the remainder indicating no clinically
important change (between -1 and +1), with no participant reporting a clinically important
negative effect on knee stability score (-2 or less). For the KTNT group, 5 participants at
immediate post-tape indicated a clinically important change (+2 or greater), while 13 and 14
participants reported a clinically important change at day 4 and day 7 of taping, respectively.
No participant reported negative important changes in stability of the knee joint perception

at any time point.
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Table 6-31 Median (Q1, Q3), Friedman test for within the two groups and two sexes separately, and Mann-Whitney U-tests for between groups

and between sexes for knee stability scores.

Knee stability

KTT group

P-value

KTNT group

P-value

P-value

scores Females (n=9) Males (n=11) Sex difference | Females (n=10) Males (n=10) Sex difference | Between Group
Immediate post-tape 2 (1.5, 2.5) 2(2,2) 0.963 1(0, 1.25) 1(0.75, 2) 0.372 <0.001*
Day 4 of taping 2(1,2) 2(1,3) 0.148 2(1,2) 2(0.75, 2) 0.647 0.690
Day 7 of taping 2(2,2) 3(2,3) 0.048* 2(2,2) 1.5 (1, 2) 0.091 <0.001*
P value within sexes 0.050* 0.013* 0.028* 0.554
each group (W) (0.333) (0.396) (0.358) (0.059)

* Significant difference at the 0.05 level.
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Table 6-32 The Wilcoxon Sign Rank tests results for knee stability scores between

immediate post-tape, day 4 of taping, and day 7 of taping for females and males in

KTT groups.
Females Males
Knee stability
Median Median
scores P-value P-value
Difference Difference
Day 4 of taping vs
Immediate post- 0 0.046* 0 0.655
tape
Day 7 of taping vs
Immediate post- 0 0.480 1 0.020*
tape
Day 7 of taping vs
0 0.034* 1 0.014*

Day 4 of taping

* Significant difference at the 0.05 level.

Table 6-33 The Wilcoxon Sign Rank tests results for knee stability scores between

immediate post-tape, Day 4 of taping, and day 7 of taping for females in KTNT

groups.

Knee stability

Median Difference P-value
scores

Day 4 of taping vs

1 0.047%*
Immediate post-tape
Day 7 of taping vs

1 0.026*
Immediate post-tape
Day 7 of taping vs Day 4 of

0 0.564

taping

* Significant difference at the 0.05 level.
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Figure 6-17 Number of participants in each knee stability score category in KTT and KTNT groups between immediate post-tape, day 4 of taping,
and day 7 of taping compared to pre-tape. A score of 3 represents strongly agree, 0 represents neutral and -3 represents strongly disagree.

The question asked was “Do you think this kinesio tape helps the stability of your knee compared to pre-tape?”.
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6.3.10.5.3 Running performance scores

Running performance scores were found to be non-normally distributed. Therefore, the
Friedman test was used to explore the differences between immediate post-tape, day 4
of taping, and day 7 of taping for the two groups. For the KTT group, there were
significant differences between immediate post-tape, day 4 of taping, and day 7 of
taping in both females (p=0.012, W=0.493) and males (p=0.018, W=0.364). For the KTNT
group, a significant difference between immediate post-tape, day 4 of taping, and day 7
of taping was seen for running performance scores in females (p=0.018, W=0.400) but

no significant difference was seen in males (p=0.317), Table 6-34.

The Wilcoxon Signed Rank test was used to further explore to determine any differences
between time points for both sexes in the KTT group and the females in the KTNT group.
For females in the KTT group, the Wilcoxon Signed Rank test showed a significantly
greater running performance score at day 7 of taping compared to immediate post-tape
(p=0.009). However, there was no significant difference between day 4 of taping
compared to immediate post-tape (p=0.248), and day 7 of taping compared to day 4 of
taping (p=0.131). For males in the KTT group, the Wilcoxon Signed Rank test showed a
significantly greater running performance score at day 7 of taping compared to
immediate post-tape (p=0.020). However, no significant difference was seen between
day 4 of taping compared to immediate post-tape (p=0.059), and day 7 of taping
compared to day 4 of taping (p=0.317), Table 6-35. For the females in the KTNT group,
the Wilcoxon Signed Rank test showed a significantly greater running performance score
at day 4 of taping compared to immediate post-tape (p=0.038), day 7 of taping
compared to immediate post-tape (p=0.041). However, no significant difference was

seen between day 7 of taping compared to day 4 of taping (p=0.785), Table 6-36.

The Mann-Whitney U tests showed a significant difference between the KTT and KTNT
groups at Day 7 of taping (p=0.024) with KTT showing greater running performance
scores than KTNT group. However, no significant difference was observed at immediate
post-tape (p=0.169) and day 4 of taping (p=0.231), Table 6-34. In addition, the Mann-
Whitney U tests demonstrated a significant difference between sexes for running

performance scores at immediate post-tape (p=0.022) in the KTT group. No significant
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difference between sexes was seen running performance scores at day 4 of taping and
day 7 of taping in KTT group, and at immediate post-tape, day 4 of taping, and day 7 of
taping in KTNT group (p>0.05), Table 6-34. Therefore, the running performance scores

cannot be further analysed with mixed sexes.

The number of participants for each running performance scores category for the KTT
and KTNT groups between immediate post-tape, day 4 of taping, and day 7 of taping is
shown in Figure 6-18. For the KTT group, 9 participants at immediate post-tape indicated
a clinically important change (+2 or greater), while 15 and 17 participants reported a
clinically important change at day 4 and day 7 of taping, respectively, with the remainder
indicating no clinically important change (between -1 and +1), with no participant
reporting a clinically important negative effect on benefits to running performance (-2
or less). For the KTNT group, 5 participants at immediate post-tape indicated a clinically
important change (+2 or greater), while 12 participants reported a clinically important
change at day 4 and day 7 of taping. No participants reporting any negative important

changes in perceived running performance at any time point.
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Table 6-34 Median (Q1, Q3), Friedman test for within the two groups and two sexes separately, and Mann-Whitney U-tests for between groups

and between sexes for running performance scores.

Running performance KTT group P-value KTNT group P-value P-value
scores Females (n=9) Males (n=11) Sex difference | Females (n=10) Males (n=10) Sex difference | Between Group

Immediate post-tape 0(0, 1.5) 2(1,2) 0.022* 0.5 (0, 2) 1(0.75, 1.25) 0.519 0.169

Day 4 of taping 2(0.5,2) 2(2,3) 0.054 2(1,2) 1.5 (1, 2.25) 0.870 0.231

Day 7 of taping 2 (1.5, 2.5) 3(2,3) 0.148 2 (0.75, 2.25) 1.5 (0.75, 2) 0.447 0.024*

P value within sexes 0.012* 0.018* 0.018* 0.317

each group (W) (0.493) (0.364) (0.400) (0.115)

* Significant difference at the 0.05 level.
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Table 6-35 The Wilcoxon Sign Rank tests results for running performance scores

between immediate post-tape, day 4 of taping, and day 7 of taping for females and

males in KTT groups.

Running Females Males
performance Median Median
P-value P-value
scores Difference Difference

Day 4 of taping vs
Immediate post- 2 0.248 0 0.059
tape
Day 7 of taping vs
Immediate post- 2 0.009* 1 0.020*
tape
Day 7 of taping vs

0 0.131 1 0.317
Day 4 of taping

* Significant difference at the 0.05 level.

Table 6-36 The Wilcoxon Sign Rank tests results for running performance between

immediate post-tape, day 4 of taping, and day 7 of taping for females in KTNT

groups.

Running performance

Median Difference P-value
scores

Day 4 of taping vs

1.5 0.038*
Immediate post-tape
Day 7 of taping vs

1.5 0.041*
Immediate post-tape
Day 7 of taping vs Day 4 of

0 0.785

taping

* Significant difference at the 0.05 level.
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Figure 6-18 Number of participants in each running performance score category in KTT and KTNT groups between immediate post-tape, day 4 of
taping, and day 7 of taping compared to pre-tape. A score of 3 represents strongly agree, 0 represents neutral and -3 represents strongly disagree.

The question asked was “Do you think this kinesio tape offers benefits to your running performance compared to pre tape?”.
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6.3.11 Clinical Assessments

6.3.11.1 Muscle strength test

The hip isometric strength for both hip abduction and hip external rotation of the study
limb were found to be normally distributed. Unpaired t-tests showed no pre-tape

differences between groups (p>0.05).

The Mixed Methods ANOVA tests showed no significant interactions between group and
pre-immediate post-tape, and between sex and pre-immediate post-tape in both hip
abduction and hip external rotation isometric strength test (p>0.05), Table 6-37. The
Mixed Methods ANOVA showed no significant main effects for pre-immediate post-tape
for both hip abduction and hip external rotation isometric strength test (p=0.177,
p=0.205), respectively. In addition, no significant main effects for group were observed
for both the hip abduction and hip external rotation isometric strength test (p=0.601,
p=0.760), respectively, and no significant main effects for sex (p=0.410, p=0.728),
respectively, Table 6-37.
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Table 6-37 Mean (SD) and repeated measures ANOVA for hip isometric strength of affected side in each group.

Hip isometric

KTT group

KTNT group

P-value (ny?)

Females (n=9) Males (n=11) | Females (n=10) Males (n=10) Pre-Immediate Group effect Sex effect
strength (Nm/kg)
post effect

Hip abduction
Pre-tape 9.38 (4.11) 10.24 (4.48) 9.90 (4.90) 12.40 (6.09)

0.177 (0.05) 0.601 (0.008)  0.410 (0.019)
Immediate post-tape 10.49 (4.87) 11.01 (3.85) 10.43 (4.45) 11.53 (5.18)
Hip external rotation
Pre-tape 6.69 (1.04) 6.53 (2.00) 6.67 (1.31) 6.62 (1.71)

0.205 (0.044)  0.760(0.003)  0.728 (0.003)
Immediate post-tape 6.69 (1.11) 7.25(1.62) 6.48 (1.19) 6.80(2.10)

276



6.3.11.2 Assessment of the length of tensor fascia latae (TFL) and lliotibial Band (ITB)

The TFL and ITB length test of the affected side was found to be normally distributed.
Unpaired t-tests showed no pre-tape differences between groups in the TFL and ITB

length test (p>0.05).

The Mixed Methods ANOVA tests results showed a significant interaction between
group and pre-immediate post-tape for TFL and ITB length test, Table 6-38. Post hoc
paired t-tests showed a significant increase in the TFL and ITB length test after taping in
both the KTT group by 4.95 degrees (p<0.001) and the KTNT group (p=0.006) by 1.31
degrees, Table 6-39. However, no significant difference was seen between sex and pre-
immediate post-tape (p>0.05). The Mixed Methods ANOVA showed a significant main
effect for pre-immediate post-tape for the TFL and ITB length test (p<0.001, ny>=0.570),
Table 6-38. The LSD post hoc test showed that there was a significant increase in the TFL
and ITB length test with 3.09 degrees after taping in affected side, Table 6-40. In addition,
a significant main effect was seen for group (p=0.007, n,>=0.183), Table 6-38. The LSD post
hoc test showed that the KTT group had a significantly greater TFL and ITB length test in
the affected side compared to the KTNT group with 3.10 degrees, Table 6-41. However,
the Mixed Methods ANOVA showed no significant main effect for sex (p=0.174), Table
6-38.
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Table 6-38 Mean (SD) and repeated measures ANOVA for TFL and ITB length of affected side in each group.

KTT group KTNT group P-value (npz)
ITB and TFL muscle
N Females (n=9) Males (n=11) | Females (n=10) Males (n=10) | Pre-lmmediate = Group effect Sex effect
length * (degrees)
post effect
Pre-tape 11.64 (4.20) 9.67 (3.56) 10.00 (2.55) 8.67 (2.76) <0.001 * 0.007* 0.174
Immediate post-tape 15.76 (3.98) 15.30 (5.69) 11.80 (2.69) 9.48 (3.14) (0.570) (0.183) (0.051)

* Significant main effect at the 0.05 level.

» = significant interaction between Group x Pre-Immediate post-tape.

278



Table 6-39 The Pair t-test for TFL and ITB length of affected side in each group

separately.
Mean Difference 95% Confidence Interval for
Group (Pre-tape vs P-value Difference
Immediate post-tape) Lower Bound Upper Bound
KTT -4.95 <0.001* -6.60 -3.30
KTNT -1.31 0.006* -2.18 -0.43

* Significant difference at the 0.05 level.

Table 6-40 Pairwise comparisons of main pre-immediate post-tape effect for TFL and

ITB length of affected side.

95% Confidence Interval for
ITB and TFL muscle Mean
P-value Difference
length (degrees) Difference
Lower Bound Upper Bound
Pre-tape vs
-3.09 <0.001* -4.00 -2.18
Immediate post-tape

* Significant difference at the 0.05 level.

Table 6-41 Pairwise comparisons of main group effect for TFL and ITB length of

affected side.

95% Confidence Interval for
ITB and TFL muscle Mean
P-value Difference
length(degrees) Difference
Lower Bound Upper Bound
KTT vs KTNT 3.10 0.007%* 0.89 5.32

* Significant difference at the 0.05 level.
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6.4 Discussion

6.4.1 Summary of the effect of KT in ITBS Participants

The aim of this study was to investigate the efficacy and effectiveness of the application
of KT in the short-term management of ITBS in an exploratory RCT in runners with ITBS
that received either KTT or KTNT. The main finding in this study showed increased peak
hip external rotation angle in the KTT group during the stance phase of running. There
was also a decrease in average TFL muscle activity but no main effects for group were
seen, and there was a significant increase in TFL and ITB length in both the KTT and KTNT
groups. In addition, there was a significant decrease in the average Gmax, Gmed, and
VM muscle activities but again no main effect for group was seen, although a trend
towards a group effect was seen for VM (p=0.073). Additionally, there was a significant
decrease for peak Gmed muscle activity in females in both groups. Participants in the
KTT group reported improvements in clinical outcome measures (NPRS, all domains of
KOOS, and Global Rating Of Change Scale (GROC)), and also no participant reported any
negative important changes in comfort perception, stability of knee joint, and benefit
on running performance after using KTT. However, there was no significant difference

in the Tampa Scale for Kinesiophobia (TSK) after using KT.

Patient characteristics such as age and weight can affect outcome measurements and
imbalance groups and can bias statistical tests (Roberts and Torgerson, 1999). In the
present study, there were no significant differences in age, weight, height, BMI and
average running distance between the KTT and KTNT groups. In addition, there was no
significant differences in running speed between groups. Therefore, it these findings
would suggest that both taping groups are similar in characteristics and it is plausible

that any difference in outcome measures could be due to the effect of taping.

6.4.2 The effect of KT on Transverse Plane Hip Kinematics and Moments

To the author's knowledge, this is the first RCT to examine the effect of KT on ITBS.
Overall, the results of the present study showed that there were no differences in the
peak hip internal rotation angle, but significant differences were seen in the peak hip

external rotation angle immediately post-tape compared to pre-tape. However, there
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were no significant differences between groups for pre-tape and immediate post-tape
in the peak hip internal and external rotation angle. These results are partially consistent
with the thesis hypothesis that taping with tension would increase the peak hip external
rotation angle and decrease the peak hip internal rotation angle. In addition, there was
no statistically significant difference in peak hip external and internal rotation moments

immediately post-tape compared to pre-tape.

There is a lack of research studying the effect of KT on the biomechanics associated with
ITBS in runners. However, the present study was similar to Mackay et al. (2020) who
investigated the effect of Mulligan Knee Taping using both KT and rigid Tape on pain and
lower limb biomechanics in female patients with patellofemoral pain (PFP). They found
that both taping techniques significantly increased hip external rotation angles at initial
contact during running and decreased transverse hip ROM compared to a no tape
condition. In addition, both taping techniques showed no statistically significant
difference in hip moments compared to no tape during running. The significant increase
in peak hip external rotation angle of the present study is potentially due to the tension
of taping as a significant increase was only seen in immediate post taping compared to
pre-tape in the KTT group, although there was no significant difference between group
immediately post taping. The increase in the peak hip external rotation angle may help
to improve pain during the stance phase of running in individuals with ITBS. This is
supported by (Noehren et al., 2014) who showed that runners with ITBS demonstrate
increased hip internal rotation compared to healthy participants which can shorten the
ITB. When considering the KT method used in this study, one possible mechanism for
altered hip external rotation was the somatosensory stimulations of the KT which
facilitated the hip to externally rotate. However, this observed change was small in
magnitude for the female runners with ITBS (< 2 degrees) whereas the male runners
with ITBS showed greater changes (~4 degrees) in immediate post-tape compared to
pre-tape in the KTT group. This could suggest that KT techniques in this study may have
more benefit in male runners with ITBS than female runners with ITBS. This may be due
to males having more hair than females which may have increase the somatosensory
stimulation from the KT application. Alternatively, the females have more hip internal

rotation than males in this study and therefor may need more tension or stretch in the
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KT in order to gain the same level of somatosensory stimulation. Although male runners
showed a greater magnitude change of hip external rotation angle compared to female
runners in this study, the KT application used in this study helped to decrease pain during
running in both females and males. However, there is limited evidence to support the
differences in response to tape in the male and female runners with ITBS which requires

further study in the future.

For the peak hip internal rotation angle, there were no significant differences in the KTT
or KTNT groups and no significant differences between groups for pre-tape and
immediate post-tape. The findings of the present study are consistent with Song et al.
(2015) who demonstrated that there was no significant difference in hip internal
rotation angle when using femoral rotational taping in PFP compared to no tape or sham
tape during single-leg squat. In addition, Song et al. (2017) showed no significant
difference in hip internal rotation angle when using femoral rotational taping in females
with PFP compared to no tape or sham tape on dynamic postural stability. However,
Hickey et al. (2016) investigated the effect of the Mulligan Knee Taping technique on
lower limb biomechanics during a single-legged squat in adult females with PFP, and
showed that the peak hip internal rotation was significantly reduced using Mulligan knee
tape compared to the control group. This finding contrast to the present study maybe
because the difference in the taping material and technique which may explain the

between study differences that need to further investigation.

Both rigid and elastic tape have been used in the management of knee pain (Barton et
al., 2014, Mackay et al., 2020). However, there are differences in the materials and
properties between rigid tape and KT. Rigid tape is constructed with a strong rayon
backing and rubber zinc oxide with adhesive whereas KT is an elastic adhesive tape
which is a cotton-based woven fabric with a high degree of elasticity (Tunakova et al.,
2017, Masters et al., 2018). In addition, elastic tape has been reported to be associated
with fewer skin allergies than rigid tape and allows stretching significantly beyond its
original length (Mackay et al., 2020, Kase et al., 2003). A previous study demonstrated
that MT using both KT and rigid tape significantly increased hip external rotation angle

at initial contact during running (Mackay et al., 2020). Both rigid and KT revealed a good
282



level of perceived comfort, however, KT has been reported to be more comfortable to
wear than rigid tape (Mackay et al., 2020). The greater comfort when wearing KT
compared to rigid tape has been suggested to be due to its mechanical properties
(Tunakova et al., 2017). Therefore, when considering the similar effects reported in
terms of pain reduction when using either rigid or KT tape, Mackay et al. (2020) stated
that many clinicians choose KT especially when treating running related injuries due to
its minimal restriction and greater comfort compared to rigid tape. Mackay et al. (2020)
used KT at 100% of stretch, which is greater than the general clinical guideline to reduce
any irritation on the skin especially during running (Andryskovd and Lee, 2020).
However, there is little evidence to support the efficacy and effectiveness of one taping

tension over another when using KT tape.

6.4.3 The effect of KT on TFL Muscle Activity

One plausible reason for the result in the transverse plane hip kinematics in the present
study could be due to a significant decrease in the TFL muscle activity between pre and
immediate post-tape, as the function of the TFL is to contribute to hip internal rotation
(Richard et al., 2009), and a decrease in average TFL muscle activity may be associated

with an increase hip external rotation (Akbas et al., 2011).

The present study showed significantly lower values for the average and peak TFL
muscle activity between pre and immediate post-tape, but no significant main effect
was observed for group. In addition, the increased ITB stiffness may increase
compression or friction forces along the LFE (Tateuchi et al., 2015), and lead to ITB tissue
irritation (Jelsing et al., 2013). Therefore, the decrease in TFL muscle activity seen in the
present study may help to improve the TFL and ITB muscle length in ITBS and lead to

decrease pain from the compression between the ITB and LFE (Fairclough et al., 2006).

6.4.4 The effect of KT on TFL and ITB Muscle Length

The TFL tightness is one of the main risk factors for ITBS as it connects to the ITB (Baker
etal., 2011, Richard et al., 2009). The tightness in the TFL can cause hip internal rotation,
which is a commonly reported presentation in runners with ITBS (Baker and Fredericson,
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2016) and previous research has reported that ITBS participants exhibited decreased TFL
and ITB length compared to a healthy control group (Noehren et al., 2014, Miller et al.,
2007, Foch et al., 2015). The TFL tightness can increase the tension in the ITB which can
cause high compression to the LFE and lead to the development of ITBS (Fairclough et
al., 2006). Therefore, the increase in the TFL muscle length would potentially help to
decrease the compression between ITB and LFE and help to decrease pain in runners

with ITBS.

The present study showed that there was a significant interaction between the group
and pre-immediate post-tape for TFL and ITB length tests. A significant increase was
seen in the TFL and ITB length test immediate post-tape in both the KTT group by 4.95
degrees and the KTNT group by 1.31 degrees. These results suggest that the KT
application used in the present study can help to improve TFL and ITB length, and that
KTT can increase the TFL more than KTNT. This may be one mechanism by which KT may
help runners with ITBS decrease the tension of ITB and lead to a decrease in pain. One
plausible reason why the KT method used in this thesis can help to increase muscle
length is an inhibition effect on TFL that KT may inhibit TFL muscle tension leading to an
increase TFL muscle length (Yeung and Yeung, 2016). To the author’s knowledge, this is
the first time the effect of KT on TFL and ITB length has been explored in runners with
ITBS. However, this is supported by previous studies which investigated the changes in
TFL and ITB length in PFP participants when combining KT and an exercise program
compared to a control group of exercise only (Akbas et al., 2011). In addition, the result
of the present study was similar to other intervention studies, Fredericson et al. (2002)
demonstrated that there was a statistically significant increase in the TFL and ITB length
after stretching the ITB. However, Pepper et al. (2021) showed that foam rolling and ITB
stretching did not change ITB stiffness which may be due to the intervention not
affecting ITB stiffness. Therefore, the KT technique in the current study may be one tool
to help for improving the TFL and ITB length and symptoms during running in the

rehabilitation programme for runners with ITBS.
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6.4.5 The effect of KT on Coronal Plane Hip Kinematics and Moments

For the hip in the coronal plane, previous studies showed an increase in hip adduction
angle in runners with ITBS (Grau et al., 2011, Ferber et al., 2010b, Noehren et al., 2007).
Grau et al. (2011) indicated that there was less hip adduction angle and frontal ROM at
the hip joint in runners with ITBS compared to healthy runners. Ferber et al. (2010b)
demonstrated significant increases in the peak hip adduction in the stance phase in the
ITBS group compared to a control group. Similarly, Noehren et al. (2007) reported that
female runners who developed ITBS had greater hip adduction angles compared to
healthy runners. Additionally, it has been reported that runners with ITBS may have
increased compression from the ITB to the LFE due to increased hip adduction and knee
internal rotation (Noehren et al., 2007). Therefore, the decrease in the peak hip
adduction angle or increase hip abduction angle may help to improve the ITBS symptoms

by decreasing the compression between the ITB and the LFE.

The present study showed that there was a significant decrease in the coronal plane hip
ROM immediate post-tape compared to pre-tape in the KTT group. There was no
statistically significant difference in peak hip abduction and adduction moments
immediately post-tape compared to pre-tape. The findings of the present study were
similar to Song et al. (2015) who studied the effect of femoral rotational taping, and
indicated that there was no statistically significant difference in the hip adduction angle
between the PFP group compared with a control group during a single-leg squat task. By
contrast, Song et al. (2017) investigated the effects of femoral rotational taping in PFP
found that there was a decreased hip adduction excursion when performing the star

excursion balance test in femoral rotational taping compared with no tape group.

6.4.6 The effect of KT on Sagittal Plane Hip Kinematics and Moments

For the hip in the sagittal plane, the present study showed that there were no significant
interactions, main effects for pre-immediate post-tape or between group differences in
peak hip flexion angle, peak hip extension angle, and sagittal plane hip ROM. The
findings of the present study were similar to Mackay et al. (2020) who showed that

Mulligan knee taping using rigid tape and KT had no significant effect on hip sagittal
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plane kinematics in PFP participants. In addition, the findings of the present study were
similar to the study of Pelletier et al. (2019) who investigated the effects of patellar
taping and KT in runners with and without PFP. Their result showed that there was no
significant difference between the hip flexion angles at initial contact for the KT and no
tape conditions, whereas the patellar taping resulted in greater hip flexion than the KT
condition and NT condition. This means that the KT application in this study can affect
the transverse and coronal plane hip kinematics without changing the sagittal plane in

ITBS participants.

6.4.7 The effect of KT on Knee Kinematics and Moments

Abnormal knee biomechanics has been reported in runners with ITBS. Noehren et al.
(2014) showed increased knee adduction in male runners with ITBS in a comparison with
controls. In addition, previous studies showed runners with ITBS demonstrating an
increase in knee internal rotation compared to healthy controls (Fredericson and Wolf,
2005, Noehren et al., 2007, Baker and Fredericson, 2016, Shen et al., 2019, Baker et al.,
2011, Foch et al., 2015).

Based on the KT technique used in this study, it was hypothesised the KT would decrease
knee internal rotation. However, the findings of the present study demonstrated that
there was no significant difference in knee kinematics within or between KTT and KTNT
in all three planes, but there was a trend towards a significant difference between group
at pre-tape (p=0.083) for peak internal knee rotation angle. In addition, no significant
differences were seen within groups or between KTT and KTNT in sagittal and coronal
planes. Nevertheless, the KTT group had a significantly lower peak knee external
rotation moment compared to the KTNT group for immediate post-tape, but there was

no significant differences between groups for pre-tape.

The current study findings for the coronal and transverse knee angles and moments are
in contrast to Mackay et al. (2020) who indicated that both rigid taping and KT reduced
the knee adduction angle, increased internal rotation angle, and no statistically

significant difference in knee moments at initial contact during running compared to no
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tape, however the taping used by Mackay et al. was at the knee whereas this current
study, the KT was applied to the thigh. Conversely, the knee sagittal plane result was
similar to Mackay et al. (2020) and demonstrated that both rigid and KT had no

significant effect on knee sagittal plane kinematics during a running task.

During the running, first half of stance phase, the knee is internally rotating and the knee
external rotation moment work to decelerate the internal rotation movement (Noehren
et al., 2007). Noehren et al. (2007) indicated that the ITBS group had 25% greater knee
external rotation moment compared to healthy controls, although it was not statistically
significant. Therefore, a decrease in the knee external rotation moment would decrease
the ITB strain, as this structure plays an important role in resisting this (Hutchinson et
al., 2022). However, this effect was only present between groups immediate post-tape
and there was no significant difference within group. It maybe because the KT

application in the present study was not applied directly to the knee.

6.4.8 The effect of KT on Gmax Muscle Activity

The Gmax is a muscle that connects to the ITB and the main function is hip extension,
and also stabilizes the knee and hip joints via the ITB (Richard et al., 2009, Agur et al.,
2017). An increase in Gmax muscle activity could lead to an increase in the tension in
the ITB which can increase the strain or compression of the ITB against the LFE, and may
lead to the development of ITBS (Hutchinson et al., 2022). Additionally, a previous study
showed that Gmax muscle activity was more active in the runners with ITBS compared
to healthy control runners, although this was not statistically significant (Baker et al.,
2018). Therefore, decreasing the Gmax muscle activity may help to decrease the tension
in the ITB and reduce the compression between the ITB and the LFE, and may be

associated with a decrease in pain in runners with ITBS.

In this present study the runners with ITBS showed a significant decrease in average
Gmax muscle activity immediate post-tape compared to pre-tape. This indicates that
the KT application in this study can affect the Gmax muscle activity without changing the

hip sagittal plane kinematics and moments in ITBS participants. This is in contrast to
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Song et al. (2015) who showed no effect of KT on Gmax muscle activity, however, Song

et al. considered the effect of KT during a single-leg squat.

6.4.9 The effect of KT on Gmed Muscle Activity

The Gmed muscle is the major hip abductor muscle and its function during stance phase
is to provide eccentric control into hip adduction (Lenhart et al., 2014). Previous studies
demonstrated the Gmed muscle activity showed an increase in the runners with ITBS
compared to healthy runners, although this was not statistically significant (Baker et al.,
2018, Foch et al., 2020). The increase in Gmed muscle activity may be due to runners

with ITBS attempting to control hip movement.

The present study showed that average Gmed muscle activity was significantly lower
immediate post-tape compared to pre-tape, but no main effect for group was seen. In
addition, both the KTT and KTNT groups demonstrating a significantly lower peak muscle
activity immediate post-tape compared to pre-tape, however, there was no significant
difference between the two groups at pre-tape and immediate post-tape for peak Gmed
muscle activity. The findings of the present study was supported by Ataullah et al. (2021)
who examined the effects of KT on muscle strength and Gmed muscle activity in athletes
with chronic ankle instability. They found a significant increase in the Gmed strength,
and a significant decrease in Gmed muscle activity in the KT group, while the control
group had a significant increase in Gmed strength but no decrease in the Gmed muscle
activity. In addition, Ataullah et al. (2021) showed an increase in the Gmed strength and
a significant decrease in Gmed muscle activity in a KT group compared to a control
group. In contrast Hickey et al. (2016) showed that there were no significant differences
in the peak Gmed muscle activity when using Mulligan knee taping compared to a
control group. Shams et al. (2021) considered the onset of Gmed muscle activity and
showed that after plyometric training with Mulligan knee taping in women with dynamic
knee valgus, Gmed was activated earlier and they hypothesised that this may help
prevent knee valgus during landing. The decrease in the Gmed muscle activity in the
present study may imply that KT might change the activation of the Gmed muscle during

the running task (Glaviano et al., 2020). Therefore, changes in the Gmed muscle may be
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associated with improved frontal plane control, and help to minimize hip adduction
which has been indicated as a risk factor during running in individuals with ITBS,

although the present study did not find any changes in the hip adduction angle.

6.4.10 The effect of KT on VM Muscle Activity

The present study showed lower VM muscle activity immediate post-tape compared to
pre-tape, and also a trend towards group significance for average VM activity at pre-
tape. In addition, the peak VM muscle activity showed a significant decrease in
immediate post-tape for the peak muscle activity of VM in the KTNT group but no
significant difference was seen in the KTT group compared to pre-tape. This is supported
by previous studies, including Lee et al. (2012) who considered the effect of KT around
the knee joint in PFP participants and demonstrated reduced VM and VL muscle activity
during stair climbing. Similarly, Keet et al. (2007) reported significant decreases in VM
and VL muscle activity in both healthy and PFP groups during a closed chain step test
compared to a NT condition. This may indicate the effect of KT to modify the muscle
forces around the knee. Therefore, KT may be a useful tool in the rehabilitation of people

with ITBS. However, the present study only found differences in the KTNT group.

6.4.11 The effect of KT on Hip Abduction and Hip External Rotator Strength

Hip strength is usually part of the ITBS assessment of an injured runner. It has been
suggested that hip abductor muscle weakness may result in increased hip adduction
angle during the stance phase of running (Fredericson et al., 2000, Noehren et al., 2007).
In addition, hip abductor weakness has been demonstrated in track athletes with ITBS
(Fredericson et al., 2000), with weakness of the external rotators also have been
reported in the runners with ITBS that can increase the load on the ITB (Noehren et al.,
2014). Furthermore, a significant decrease in hip adduction strength was seen in runners
previously suffering from ITBS compared to runners currently suffering from ITBS and
healthy controls (Foch et al., 2015). Nevertheless, this contrasts with a study which
reported no differences in abductor hip strength in people with ITBS (Grau et al., 2008a).

Therefore, it is interesting to look at the hip muscle strength of both the hip abductor
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and external rotators in runners with ITBS immediately post-tape, with an increase in

hip muscle strength being associated with possible improvements in ITBS symptoms.

However, the present study showed no effects of KT on hip abduction or hip external
rotation isometric strength. This finding is consistent with previous studies that also
demonstrated no differences in muscle strength between KT and no tape conditions in
healthy volunteers (Vercelli et al., 2012, Cai et al., 2016, Poon et al., 2015) or in
individuals with lateral epicondylitis (Au et al., 2017), or in individuals with chronic ankle
instability (Fereydounnia et al., 2019). However, in contrast Rajasekar et al. (2018)
reported that KT over Gmed can correct exaggerated dynamic knee valgus and improve
hip abductor strength immediately after taping compared to sham KT. The present study
differed in the measurement method used by Rajasekar et al. (2018) who used the
Donatelli drop leg test, whereas the present study used an isometric strength test which
may be get the different result. In addition, Rajasekar et al. (2018) applied KT directly
over the hip abductor muscle arguably providing a greater proprioceptive effect and
associated muscle response. The findings of the present study that showed no
significant difference may be because the KT application used in this thesis was not
applied directly over the hip abductor or hip external rotator muscles and therefore may

not offer sufficient proprioceptive effect.

6.4.12 Sex differences in Running Biomechanics

The consideration of sex differences has been highlighted in ITBS research as females
who have been diagnosed with ITBS are reported to have larger hip adduction and knee
internal rotation angles compared to healthy controls. The studies of Noehren et al.
(2007) and Ferber et al. (2010b) concluded that larger hip adduction angles could cause
a greater demand on the hip abductor muscles during eccentric loading, which could
lead to overuse during running (McCarthy et al., 2015). This can cause the ITB to
compress against the greater trochanter or lateral femoral condyle causing female
runners to develop ITBS symptoms more often than their male counterparts (Taunton

et al., 2002a).
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In the present study sex differences were seen in kinematics and moments showing that
females demonstrated a significantly greater peak hip flexion, sagittal plane hip ROM,
peak hip adduction angle, coronal plane hip ROM, peak hip internal rotation, and peak
knee flexion angle, whilst males demonstrated a significantly greater peak hip external
rotation and peak knee flexion moment, peak hip adduction moments, and peak hip
internal rotation moments. These findings are partially supported by Phinyomark et al.
(2015) who studied the differences between males and females in runners with ITBS,
and between healthy runners compared with their ITBS counterparts. They found that
female runners with ITBS exhibited significantly greater hip external rotation compared
with male runners with ITBS. In addition, female runners with ITBS also showed trends
toward increased knee internal rotation, and hip adduction angles in comparison to their
male counterparts. However, the study of Phinyomark et al. (2015) was only one studied
that investigated the sex differences in running biomechanics in individuals with ITBS,
which need more research in the future. The present study showed that females with
ITBS demonstrated significantly greater peak hip adduction angle and peak hip internal
rotation compared to males with ITBS. Results in the present study was similar to sex
differences reported in healthy cohort studies (Phinyomark et al., 2014, Chumanov et
al., 2008), who reported greater peak hip adduction, hip internal rotation and knee
abduction angles in healthy female runners when compared with male runners. Ferber
et al. (2010b) reported that females who had previously sustained ITBS demonstrated a
significantly increase peak rearfoot invertor moment, peak knee internal rotation angle,
and peak hip adduction angle compared to healthy controls. Therefore, the sex
differences observed in lower limb biomechanics in individuals with ITBS of the previous
and the present studies indicate that further research should take sex into account when
exploring the biomechanics in individuals with ITBS. In addition, the results of the
present study imply that females have a greater risk of ITBS compared to males with
greater peak hip adduction angle and peak hip internal rotation which is associated with
a greater load on the ITB and presentation of ITBS (Charles and Rodgers, 2020). Females
had a greater sagittal plane hip ROM, coronal plane hip ROM, peak hip adduction angle,
and peak hip internal rotation compared to males which may have increased the tension
or stretch of the KT during running. This may increase the stimulation of the

mechanoreceptors on the skin and could lead to a greater biomechanical effect in the
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females in this study. However, there was a similar response with an increase in peak
hip external rotation angle in both males and females in the KTT group, and no change
in peak hip adduction angle, peak hip internal rotation, sagittal plane hip ROM for both
males and females in both the KTT and KTNT groups. Additionally, there was a decrease
in the coronal plane hip ROM in the KTT group but not in the KTNT group, and no
significant interactions between sex and pre-immediate post-tape. This suggested that
females and males in this study showed a similar response to KT application in
biomechanical parameters, although females had the same amount of stretch of KT at
the point of application as the males in this study. Nevertheless, no previous studies
have examined the difference of the amount of KT stretch for males and females during
dynamic tasks and any associated effectiveness of altering lower limb running

mechanics which may be interesting to explore in more detail in future studies.

When considering muscle activity, males demonstrated significantly greater peak Gmax,
Gmed and VL muscle activity compared to females. A significant decrease for average
TFL muscle activity was also seen for females immediately post-tape but no difference
was seen in the males. This means that females with ITBS may have a response to
decreasing the average TFL muscle activity immediately post-tape than the males.
Additionally, the present study observed sex differences in peak Gmed muscle activity
with females in both the KTT and KTNT groups demonstrating a significantly lower peak
muscle activity immediate post-tape compared to pre-tape. These findings are
consistent with the female Thai healthy participants who demonstrated significantly
lower average and peak Gmed muscle activity in the KTNT condition compared to the
NT and KTT conditions. To the author’s knowledge, there is a lack of research exploring
differences in muscle activation between sexes, in particular the activation associated
with the effect of taping in the management of ITBS. However, previous studies on
healthy participants have reported contrasting findings to the present study that
showed greater Gmax muscle activity in females compared to males and no differences
in Gmed muscle activity due to sex in running (Chumanov et al., 2008, Willson et al.,
2012). Furthermore, Baker et al. (2018) indicated that the Gmed and Gmax muscle
activity were more active in runners with ITBS compared to healthy runners. Therefore,

based on previous studies and the present study both Gmax and Gmed muscle activity
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may be associated with a greater risk of ITBS in males compared with females. For the
VL, the present result contrasted with Landry et al. (2007) who indicated that VM and
VL muscle activity during running was greater in female than in male athletes. However,
little or no research has been conducted exploring the VL muscle activity in individuals
with ITBS, therefore further study is warranted to understand the relationship between

VL muscle activity and ITBS.

6.4.13 The effect of KT on Pain

The 11-point NPRS was used to assess the effect of KT on self-reported pain over a one-
week period at the pre-tape, immediate post-tape, day 4 of taping, and day 7 of taping.
A MCIC (for within group) and MCID (for between group) of 2 points was used to
represent a clinically important change for NPRS scores (Farrar et al., 2001, Michener et
al., 2011, Childs et al., 2005). The present study showed that there was a reduction in

the NPRS scores in runners with ITBS in both KTT and KTNT groups.

For the KTT group, there was a significant decrease in the NPRS scores from pre-tape to
immediate post-tape, day 4 of taping, and day 7 of taping by 4, 5.5, and 5 points,
respectively. In addition, a significant decreased was seen on day 4 of taping compared
to immediate post-tape, and day 7 of taping compared to immediate post-tape by 1.5,
and 1 point, respectively. For the KTNT group, there was a significant decrease in the
NPRS scores from pre-tape to immediate post-tape, day 4 of taping, and day 7 of taping
by 2, 2, and 3 points, respectively. In addition, a significant decreased was seen on day
7 of taping compared to immediate post-tape by 1 point. Therefore, both the KTT and
KTNT groups in this study met the MCIC for the immediate effect, at day 4 of taping, and
at day 7 of taping compared to pre-tape. When considering the between groups in the
values of the NPRS changes scores from pre-tape to each time, there was a greater
improvement in NPRS scores in the KTT group compared to KTNT group at immediate
post-tape, day 4 of taping, and day 7 of taping by 2, 3.5, and 2 points, respectively. These
findings indicate that the KT can help to decrease the self-reported pain in both KTT and

KTNT groups, however the KTT group had a greater reduction in self-reported pain than
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the KTNT group, although the KTT group reported significantly higher self-reported pain
than the KTNT group at pre-tape (KTT = 6; KTNT = 4).

There are a number of studies that support the findings that KT can help to decrease
pain levels. Mackay et al. (2020) demonstrated that Mulligan knee taping applied with
rigid tape or KT at 100% tension significantly decreased self-reported pain during a self-
selected pain provocative task, a moderately paced running task, and a single leg squat
task in female patients with PFP. Similarly, Kakar et al. (2020) demonstrated KT and sham
taping significantly decreased self-reported pain using a visual analogue scale during a
squat task compared to NT condition during squats. Similarly in patients with knee
osteoarthritis, Donec and Kubilius (2019) showed that the majority (>70%) of patients in
both the KT group and sham tape group reported a decrease in knee pain. Additionally,
Mulligan knee taping technique significantly reduced perceived pain during the single-
legged squat compared to the non-taped condition (Hickey et al., 2016). Furthermore,
Song et al. (2015) who investigated femoral rotational taping, showed that KT could alter
patellofemoral kinematics and decrease pain compared to NT condition in the treatment
of young female participants with PFP during single-leg squat. In addition, Song et al.
(2017) indicated a significantly decreased pain during the star excursion balance test
applying femoral rotational tape and sham tape compared to no tape. However, there
was no significant difference in the pain level between these 2 taping conditions. These
results support the use of femoral rotation KT to improve dynamic postural control and

reduce pain during the star excursion balance test.

One explanation why taping decrease self-reported pain is the stimulating the skin and
promoting pain-relieving mechanisms. However, the underlying mechanism of the KT
effect observed in the present study may be multifactorial. Any reductions in pain may
be as a result of the effect of KT to improve the previously reported abnormal
biomechanics associated with ITBS and TFL muscle tension. The effect of KT with tension
may facilitate hip external rotation during running through somatosensory stimulation.
In addition, this study used an inhibition KT technique which is purported to inhibit TFL
muscle activity through stretching of the Golgi tendon organs (Yeung and Yeung, 2016).

Therefore, the increase hip external rotation angle and the decrease in TFL muscle
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activity seen in the present study may lead to decrease pain from the compression
between the ITB and LFE in runners with ITBS (Fairclough et al., 2006). Additionally, the
KT is thought to increase proprioceptive feedback during functional activities by
stimulating the skin and promoting pain-relieving mechanisms through gate control
theory by decreasing the pressure on nociceptors receptors, thereby achieving pain
relief (Melzack and Wall, 1965). Melzack and Wall (1965) proposed the gate control
theory mechanism to explain how the stimulation of non-painful sensations such as
touch, pressure, and vibration can help to reduce painful sensations. The gate control
theory is related to the area in the spinal cord which has a neurological gating system
that controls pain transmission to the brain by either blocking or allowing pain signals
to the brain (Moayedi and Davis, 2013). When there is more activation of the large
sensory nerve fibres associated with non-painful sensations from mechanoreceptors to
the spinal cord in comparison to pain signals transmitted by small sensory nerve fibres
at the gating area in the spinal cord. These can help to block or decrease the pain signals,
which this phenomenon is defined as gate control theory (Coffey and Mahon, 1982). It
has been proposed that the application of KT on the skin stimulates the
mechanoreceptors located in the skin which helps to block pain by stimulating the
mechanoreceptors and transmitting those mechanical inputs through the large sensory
nerve fibres, which inhibit pain signals transmitted by the small sensory nerve fibres
(Thelen et al., 2008, Pamuk and Yucesoy, 2015). When considering KT, it is plausible to
suggest that the application of KT which pulling on the skin can induce the gate control
theory by inhibiting the transmission of pain. However, many previous studies of KT
proposed this mechanism for reducing pain (Kakar et al., 2020, Song et al., 2017, Park et
al., 2019), but the exact mechanisms of pain reduction as a result of KT application is still

unknown and future research is required.

6.4.14 The effect of KT on The Knee Injury and Osteoarthritis Outcome Score (KOQOS)

The KOOS was used in this study as this allows a short-term assessment of patient
outcomes relevant to treatment using KT applied for 7 days. The MCIC and MCID of
KOOS used in this thesis was 10 points (Roos and Lohmander, 2003). The result of this

study demonstrated that the KTT group reported significantly improvement KOOS
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across all domains whereas the KTNT group reported significantly improvement only

ADL domain from pre-tape to day 7 of taping.

For the KTT group, there was a significant increase in the KOOS scores from pre-tape to
day 7 of taping for domains of pain by 8.33 points, symptoms by 7.15 points, ADL by 2.94
points, sport and recreation by 15 points, and knee-related quality of life by 9.38 points.
Therefore, only the sport and recreation domain of KOOS reached the MCIC threshold.
This indicates that runners with ITBS have some benefits of KTT during sport and
recreation but the effects under the other domains were not clinically important. For
the KTNT group, although there was a significant increase in the KOOS scores from pre-
tape to day 7 of taping in the ADL by 1.47 points, no domains reached the MCIC threshold.
When considering the between group differences in response, the changes in KOOS scores
from pre-tape to day 7 of taping, only the sport and recreation domain showed a greater
improvement and reached the MCID in KOOS scores in the KTT group compared to KTNT
group (KTT = 15, KTNT =5). This confirms that runners with ITBS have a perceived greater

benefit when using KTT during sport and recreation when compared to KTNT.

No previous research has reported the KOOS score to explore taping in runners with
ITBS, however, there were studies on the effect of taping or bracing on KOOS scores in
other knee conditions. The result of the current study was similar to the study of Sinclair
et al. (2016) who showed that a proprioceptive knee brace intervention can improve the
KOOS scores in all domains in recreational athletes who suffer from patellofemoral pain
during jogging, cutting movement and single leg hop. Similarly, Khadavi et al. (2015)
showed a significant improvement of KOOS scores in the domains of symptoms, pain,
sports and recreation, and quality of life when using a knee brace. Furthermore,
Aydogdu et al. (2017) showed a significant improvement in all subscales of KOOS after
treatment with a combined conventional rehabilitation method and KT in knee
osteoarthritis patients, however, this study did not consider the use of sham taping or
KTNT. Donec and Kubilius (2020) showed that after four weeks of KT application on the
knee joint, a significant improvement was found in all KOOS subscales in patients with

knee osteoarthritis who received a specific KT application. Therefore, previous studies
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show agreement with the present study with reported improvements in KOOS scores

after using taping or bracing.

6.4.15 The effect of KT on Tampa Scale for Kinesiophobia (TSK)

The phenomenon of post-traumatic injury, later described as a fear of movement/re-
injury, refers to the idea of having a fragile and vulnerable body, where movement can
lead to re-injury (Vlaeyen et al., 1995a). The TSK was used to assess the kinesiophobia
or fear of movement in this study as ITBS is a musculoskeletal injury with chronic pain
where athletes have reported fear and insecurity towards returning to the sport in which
they experienced their injury (Heijne et al., 2008). The result of this study showed that
there was no significant difference for TSK within and between KTT and KTNT groups

between pre-tape, immediate post-tape, day 4 of taping, and day 7 of taping.

The MCIC and MCID for the current study was set at scores of 1 and 2 respectively
(Huang et al., 2019). For the KTT group, there was a decrease in the TSK scores from pre-
tape to immediate post-tape by 0.5 points, pre-tape to day 4 of taping by 1 point, and
pre-tape to day 7 of taping by 3.5 points. For the KTNT group, there was an increase in
the TSK score from pre-tape to immediate post-tape of 1 point. There was a decrease in
the TSK scores from pre-tape to day 4 of taping by 0.5 scores, pre-tape to day 7 of taping
by 2.5 scores. Although there were not any significant differences, TSK score changes
reached the MCIC in day 4 and day 7 of taping in the KTT group, and in immediate post-
tape and day 7 of taping in the KTNT group.

Based on previous research, there is inconsistency on the effect of KT to decrease
kinesiophobia in patients with musculoskeletal pain (Hoffman et al., 2018). The results
of the present study are similar to those reported by Alahmari et al. (2020) who showed
that there was no significant reduction of kinesiophobia for both immediate and short-
term differences with the application of KT compared with a control group. Similarly,
Castro-Sanchez et al. (2012) demonstrated no significant differences in TSK scores
between KT and sham taping after one and four weeks. In contrast, Kurt et al. (2016)

investigated the short-term effects of KT in patients with PFP and showed a significant
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improvement in TSK score in the KT group compared to the placebo KT group. In
addition, Gholami et al. (2020) showed that KT and placebo KT groups had a significant
decrease in the TSK score but did not show significant differences between groups in

athletes after anterior cruciate ligament reconstruction.

Considering the total TSK scores, the scale ranged from 17- 68, and the cut off score was
developed by Vlaeyen et al. (1995a) where a score of 37 or over is considered as a high
score indicating a high degree of kinesiophobia, while scores below that are considered
as low scores. The TSK scores in the current study were 43 points for the KTT group and
42.5 points for the KTNT group at pre-tape. At day 7 of taping, the TSK scores were
reduced but were still high with 40.5 points for the KTT group and 40 points for the KTNT
group. These values were similar to Castro-Sanchez et al. (2012) who reported TSK
scores of 39 in a KT group after applying KT for one week in people with chronic non-
specific back pain. Similarly, Alahmari et al. (2020) reported that a KT group had a mean
TSK score of 38.93 and 37.60 scores in immediate post-tape and day 3 of taping,
respectively. Therefore, the KT application used in the present study suggests that
kinesiophobia is not decreased within a week following tape application. This maybe
because ITBS is a chronic musculoskeletal problem and requires a longer time period to

reduce the fear of movement.

6.4.16 The effect of KT on Global Rating Of Change Scale (GROCQ)

The Global Rating Of Change Scale (GROC) was used to assess the overall condition of
ITBS at immediate post-tape, day 4 of taping, and day 7 of taping compared to pre-tape.
The MCIC and MCID of GROC used in this thesis was + 5 points (Stratford et al., 1994).
Interestingly, for the KTT group, there was only one participant who reported negative
important changes in GROC score and 12 out of 20 participants indicated a positive
clinically important change at immediate post-tape. At day 4 and day 7 of taping, no
participant reported any negative important changes, and 18 out of 20 participants
indicated a positive clinically important change. For the KTNT group, no participant
reported any negative important changes in GROC score at immediate post-tape, day 4

and day 7 of taping, with 3, 7, and 11 participants indicating a positive clinically
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important change atimmediate post-tape, day 4 and day 7 of taping, respectively. These
results suggest that as the KTT perceived greater change than KTNT this could explain
why the participants' GROC scores were higher with KTT than KTNT.

Sex differences were seen with males demonstrating a significantly greater GROC score
immediately post-tape than females in the KTT group. For females in the KTT group,
GROC scores reached the MCIC at day 4 and day 7 of taping. For males in the KTT group,
GROC scores reached the MCIC at immediate post-tape, day 4 and day 7 of taping. In
the KTNT group, GROC scores only reached the MCIC at day 7 of taping in females, and
did not reach the MCIC in males. In the comparison between the two groups, there was
a significantly greater change in the KTT at immediate post-tape by 3 points, day 4 of
taping by 2 points, and day 7 of taping by 1 point compared to the KTNT group. These
GROC scores confirm that the KTT group showed a perceived greater improvement than

the KTNT group.

This is supported by Harput et al. (2016) who investigated the effects of knee brace and
KT on functional performance and self-reported function in individuals six months post
anterior cruciate ligament reconstruction. They used the GROC score to assess the effect
of knee brace and KT and found that the knee brace showed improved knee function
compared to no intervention and KT, and KT showed better knee function compared
with no intervention. In addition, Crossley et al. (2015) examined the efficacy of a
patellofemoral joint targeted exercise, with education, manual-therapy and taping
(intervention condition) compared to education alone (control condition) over 12
weeks. They found that both groups showed superior outcomes for GROC scores. In
contrast Araujo et al. (2018) investigated the effectiveness of KT in patients with chronic
low back pain after 6 months and found that there was no effect of KT versus sham on
GROC. They indicated that improvements over time in both groups may be due to the
natural course of the disease, regression to the mean, and/or non-specific effects of
treatment. Moreover, Pinheiro et al. (2020) examined the short-term effects of KTT and
KTNT in older women with knee osteoarthritis, compared with controls that did not
receive KT. They found no differences between groups, however from the descriptive

analysis participantsin both KTT and KTNT groups reported better perception of change,
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with the latter unchanged compared to controls. Although no statistical differences
were observed, most older women in the KTT and KTNT groups showed signs of
improvement, with the control group reporting little change. Therefore, previous studies
show agreement with the present study with reported improvements in GROC scores

after using taping which KTT group showed a greater improvement than the KTNT group.

6.4.17 The effect of KT on Perception of Comfort

The comfort score was used to assess the effects at immediate post-tape, day 4 of
taping, and day 7 of taping compared to pre-tape, and the MCIC and MCID used was + 2
points (Kamper et al., 2009). For the KTT group, no participant reported negative
important changes in comfort perception at immediate post-tape, at day 4 and day 7 of
taping. The 14 out of 20 participants indicated a positive clinically important change at
immediate post-tape and day 4 of taping, with 16 out 20 participants reporting a positive
clinically important change at day 7. For the KTNT group, one participant reported
negative important changes in comfort perception at day 4 and day 7 of taping, with 1,
9, and 13 participants indicating a positive clinically important change at immediate
post-tape, day 4 and day 7 of taping, respectively. The only significant between group
finding occurred immediate post-tape, with KTT reporting significantly greater perceived
comfort (by 2 points) compared to the KTNT group, which is a clinically important
difference. This means that the immediate effect has been the most comfort perception

in the present study.

There is lack of research on the perception of comfort when using KT in patients,
especially those with ITBS. However, there are other studies that explored the effects of
rigid tape or bracing on other regions of the body. Mackay et al. (2020) highlighted that
female patient with PFP who performed a self-selected pain provocative task, single-leg
squat task, and running task while wearing Mulligan knee taping applied with rigid tape,
KT at 100% of stretch, showed that both rigid and KT show a good level of perceived
comfort, but with KT being more comfortable to wear than rigid tape. It has been
suggested that the greater comfort in wearing the KT is due to its mechanical properties

(Tunakova et al., 2017). Similarly, Hébert-Losier et al. (2019) indicated that elite cyclists
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show a good level of perceive comfort to KTT application, with perceived improvements
in knee stability and performance. In other region of KT application, Guner and Alsancak
(2020) investigated the effect of KT application on participant with foot pronation using
the laser postural alignment system. The result revealed that KT does not affect the
weight load or load line of the ankle when standing, however, participants perceived an
increase in comfort perception with KT. Therefore, previous studies show agreement
with the present study that have been reported most participants had comfort
perception after using KT compared to pre-tape which KTT group perceive more comfort

than the KTNT group over one week.

6.4.18 The effect of KT on Perception of Knee Stability

The stability of the knee joint score was used to determine the effects immediate post-
tape, and at day 4 of taping, and day 7 of taping compared to pre-tape. The MCIC and
MCID used in this thesis was used at +2 points (Kamper et al., 2009). For the KTT group,
no participant reported any negative important changes in the stability of the knee joint
perception. The 17 out of 20 participants indicated a positive clinically important change
at immediate post-tape, 13 participants at day 4 of taping, and 20 participants at day 7.
For the KTNT group, no participant reported negative important changes in stability,
with 5, 13, and 14 participants indicating a positive clinically important change at
immediate post-tape, day 4 and day 7 of taping, respectively. Although there was a
significant difference between the two groups for perceived knee stability immediate

post-tape and day 7 of taping, the only MCID was immediate post-tape.

This is supported by Guner and Alsancak (2020) who showed an increase in perceived
support perception when using KT on participant with foot pronation. Correspondingly,
the result of Sawkins et al. (2007) investigated the effect of ankle taping in three
conditions including real tape, placebo tape and no tape in a hopping test and a modified
star excursion balance test in participants with ankle instability. They found that
participants perceptions of stability increased with both real and placebo ankle taping
when performing the functional tasks, with more participants reporting improvements

in stability with the real tape condition than either the placebo or control condition on
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both of the functional tests. They also claimed that the increased stability gave them
more confidence and/or assurance that the tape would keep them safe from injury.
Therefore, previous studies show agreement with the present study that reported the
improvements in knee joint perception scores after using KT which KTT group perceive

more knee support than the KTNT group over one week.

6.4.19 The effect of KT on Perception of Running Performance

A running performance score was used to determine the perceptions of the tape
immediate post-tape, day 4 of taping, and day 7 of taping compared to pre-tape, and
similar to comfort and knee stability a MCIC and MCID of + 2 points was used (Kamper
et al., 2009). For the KTT group, no participant reported negative important changes in
the benefits to running performance, with 9 out of 20 participants perceived a clinically
important benefit immediate post-tape, 15 participants at day 4 of taping, and 17
participants at day 7 of taping. For the KTNT group, no participants reported any
negative important changes, with 5, 12, and 12 participants indicating a positive
clinically important change at immediate post-tape, day 4 and day 7 of taping,
respectively. Although there was a significant difference between the two groups for the
running performance scores at day 7 of taping, the scores did not reach the MCID at

immediate post-tape, day 4 of taping, and day 7 of taping.

This is supported by Chaney et al. (2015) who investigated the effects of gastrocnemius-
soleus complex KT on power, speed, and self-perception of physical performance in
basketball players. They found that there was no significant difference in the overall
physical performance under the taped condition for both vertical jump and 20-meter
sprint. However, there was a significant difference in self-perceptions of taping benefits
for vertical jump but not for 20-meter sprint. By contrast, Mak et al. (2019) investigated
the facilitatory KT on the wrist extensors in healthy participants and reported no

significant difference perceived performance compared to the NT condition.
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CHAPTER 7 Synthesis and Conclusion

7.1 General discussion and clinical implications

When comparing the response to KT in the healthy individuals and runners with ITBS,
there was a similar response to KT with an increase in peak hip external rotation angle
and a decrease in the average TFL muscle activity, which both have been previously
identified as key biomechanical factors in runners with ITBS, Table 7-1. There was a
similar response with a decrease in average Gmax muscle activity and average and peak
Gmed muscle activity with Gmed muscle activity showing a similar response in the
runners with ITBS and the Thai healthy participants, although this was not seen in the
UK healthy participants, Table 7-1. This may be a beneficial effect as a decrease in the
Gmax and Gmed muscle activity may help to reduce pain in runners with ITBS because
previous studies showed an increase in the Gmax and Gmed muscle activity in runners

with ITBS compared to healthy runners (Baker et al., 2018, Foch et al., 2020).

However, not all parameters showed the same response to taping in the runners with
ITBS and healthy participants. The runners with ITBS showed no difference in the sagittal
plane hip kinematics and moments whereas the UK healthy participants showed a
greater peak hip flexion angle and sagittal plane hip ROM, and The Thai healthy
participants showed a greater peak hip extension angle, Table 7-1. The clinical
implications of these changes are unclear as these parameters have not been previously
identified as key biomechanical factors associated in runners with ITBS. Runners with
ITBS showed no difference in the coronal plane hip kinematics and moments with the
exception of a decreased coronal plane hip ROM whereas both healthy cohorts showed
a similar increase in the peak hip abduction angle, however there was no decrease in
hip adduction angle, which has been purported to decrease pain in runners with ITBS
and has been previously identified as one of the key factors associated with pain in
runners with ITBS (Grau et al., 2011, Ferber et al., 2010b, Noehren et al., 2007). For knee
kinematics and moments, the runners with ITBS demonstrated no difference in the knee
kinematics and moments with the exception of knee moments with the KTT group
showing a lower peak knee external rotation moment compared to the KTNT group for
immediate post-taping (Table 7-1), however as above, the clinical implications of these
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changes are unclear as these parameters have not been previously identified as key
biomechanical factors associated in runners with ITBS. Also observed was a greater knee
flexion angle and lower peak knee flexion moment in the UK healthy participants,
whereas the Thai healthy participants showed an increase in peak knee internal rotation
angle and a decrease in peak knee abduction moments, Table 7-1. The clinical
implications of these changes are unclear as these parameters have not been previously
identified as key biomechanical factors associated in runners with ITBS, except peak
knee internal rotation angle that previous studied showed an increase peak knee
internal rotation angle in runners with ITBS compared to runner healthy control (Ferber

et al., 2010b, Noehren et al., 2007).

Table 7-1 Comparison of the biomechanical response to all taping conditions for UK
healthy, Thai healthy, and Thai runners with ITBS. Significant changes are represented as
solid green, red and amber represent a significant response decrease, increases and no
change, trends towards significance to decrease (green hashed), and trend to increase
(red hashed). Increased peak hip abduction and external rotation angles have been
purported to help to reduce the ITB tension, which may help to decrease the symptoms
of ITBS. Decreased peak hip internal rotation angle, peak knee internal rotation angle,
and changes in muscle activity indicate to reduce the ITB tension, which may help to reduce
the symptoms of ITBS (Ferber et al., 2010b, Noehren et al., 2007, Baker et al., 2018, Baker
and Fredericson, 2016).

UK Healthy Thai Healthy Thai ITBS
KTT | KTNT | KTT KTT | KTNT | KTT KTT | KTNT | KTT
VS VS VS VS vs NT VS VS vs NT S
NT NT | KTNT| NT KTNT NT KTNT

Hip Kinematics
Peak flexion
Peak extension
Sagittal plane
Hip ROM

Peak abduction -I
Coronal plane
Hip ROM
Peak internal
rotation

Peak external
rotation
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UK Healthy Thai Healthy Thai ITBS
KTT | KTNT | KTT | KTT | KTNT | KTT KTT | KTNT | KTT

'S 'S 'S 'S vs NT 'S 'S vs NT 'S
NT NT | KTNT| NT KTNT NT KTNT

Knee
Kinematics
Peak flexion
Peak internal
rotation

Knee Moments
Peak flexion
Peak abduction
Peak external
rotation
Average
muscle
activities
Gmax

Gmed

TFL

Peak muscle
activities
Gmax

Gmed

TFL
VM

The findings that KTT significantly increased peak hip external rotation angle and
significantly decreased TFL muscle activity compared to NT in runners with ITBS is largely
consistent with the results found in the UK and Thai healthy studies, although there
were no significant differences between the KTT and KTNT groups in the runners with
ITBS. This supports the hypothesis that the application of KT with tension used in this
thesis can help to increase the peak hip external rotation angle and decrease TFL muscle
activity. A decrease TFL muscle activity would decrease the loading on the ITB (Hamill et
al., 2008, Meardon et al., 2012), as this structure is formed by the TFL and Gmax. An
increased activation of the TFL muscle may be related to unusual tension of the ITB
(Stecco et al., 2013). In addition, an increase in the hip external rotation or reduced hip
internal rotation during the stance phase may help to decrease pain or symptoms in

runners with ITBS, this is supported by previous studies which have reported that
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individuals with ITBS have an increased hip internal rotation angle during running
(Noehren et al., 2014). This suggests that the result of pain reduction in the runners with
ITBS may be associated with an increased peak hip external rotation angle and decrease
TFL muscle activity. However, for the peak hip internal rotation angle, there were no
significant differences seen within and between groups in runners with ITBS which
contrasted with the UK and Thai healthy studies. This means that the KT used in this
thesis did not provide a mechanism to decrease the hip internal rotation angle in runners
with ITBS during running, although there was a decrease in the peak hip internal rotation
angle in the Thai healthy participants and a trend towards a decrease in the UK healthy
participant in the KTT compared to the NT. This may be due to a different response of
KT between healthy runners and runners with ITBS, which the runners with ITBS having

greater hip internal rotation than the healthy runners (Noehren et al., 2014).

An increased hip abduction angle or decreased hip adduction angle would help to
improve symptoms in runners with ITBS which is supported by previous studies which
reported a greater peak hip adduction angle in runners with ITBS when compared to
healthy controls (Grau et al., 2011, Ferber et al., 2010b, Noehren et al., 2007). However,
the peak hip abduction and adduction angle in runners with ITBS showed no significant
differences in the KTT or KTNT groups and no significant differences between groups for
pre-tape and immediate post-tape. This result was in contrast to the healthy cohort
studies, which showed a significant increase in the peak hip abduction angle in the KTT
compared to the NT condition in the UK healthy cohort, and a trend towards increased
(p=0.054) peak hip abduction angle in the KTT condition compared to the NT condition
in the Thai healthy cohort. In addition, the result of the peak hip adduction angle in
runners with ITBS was similar in both UK and Thai healthy cohort studies. These results
suggested that there was a difference in response to KT in the healthy cohorts and ITBS
cohort, which is supported by previous studies which have shown that there was a
difference between healthy runners and runners with ITBS, which the runners with ITBS

having greater hip adduction angles than healthy runners (Noehren et al., 2007).

The sagittal plane hip kinematics is not one of the key biomechanical factors that has

been associated in runners with ITBS (Baker and Fredericson, 2016). Therefore, a
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decrease or increase in sagittal plane hip kinematics is of unknown clinical value in any
improvements in the symptoms in runners with ITBS. There was no significant difference
in peak hip extension and flexion angles immediately post-taping compared to pre-
taping in runners with ITBS. However, the Thai healthy participants showed no
significant effect of taping for the peak hip flexion angle while the UK healthy
participants showed a significantly greater peak hip flexion angle in the KTT and KTNT
compared to the NT condition. For the peak hip extension angle, The Thai healthy
participants showed a significantly greater peak hip extension angle in both KTT and
KTNT conditions compared to the NT condition, and a significantly greater angle in the
KTT condition compared to the KTNT condition while the UK healthy participants
showed no significant effect of taping for the peak hip extension angle. The difference
in sagittal plane hip kinematics between The UK and Thai healthy participants may be
due to the greater running speeds in the UK healthy participants. When considering the
running speed, runners with ITBS were tested in the same laboratory as the Thai healthy
participants and there were no significant differences in the running speed between the
two cohorts (Appendix 20). This suggested that the KT application used in this thesis may
help the sagittal plane hip kinematics for healthy participants, but this effect was not
seen in the runners with ITBS. In addition, these results suggested that there was a
different response to the taping between Thai healthy participants and Thai runners

with ITBS, which may be worthy of further analysis in the future.

For knee kinematics and moments, the runners with ITBS showed only a significant
decrease in peak knee external rotation moment in the KTT group compared to the KTNT
group for immediate post-tape. A decrease in the knee external rotation moment would
decrease the ITB strain, as this structure plays an important role in resisting the knee
external rotation moment (Hutchinson et al., 2022), however, there was only a
significant difference in the main effect for group and there was no significant difference
within group. It may be because the KT application in the present study was not applied
directly to the knee. In addition, this change was not seen in the two healthy cohort
studies. Therefore, this suggested that there was a different response to KT between
the healthy cohorts and ITBS cohort. For other differences in knee kinematics and

moments, although the runners with ITBS showed no significant differences in all three
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planes, both healthy cohorts showed a significant difference, but there was a different
response between the two healthy cohorts. The UK healthy participants showed a
significantly greater peak knee flexion angle in the KTNT condition compared to the NT
condition, and lower peak knee flexion moments in the KTNT condition compared to the
NT condition and lower moments in the KTNT condition compared to the KTT condition.
Whereas the Thai healthy participants presented an increase in peak knee internal
rotation angle in the KTT condition compared to the NT condition, and a decrease in
peak knee abduction moments in the KTT condition compared to the NT and KTNT
conditions. An increase in peak knee internal rotation angle is in contrast to the
hypothesis that the peak knee internal rotation angle would significantly decrease. In
addition, a decrease in the knee abduction moments would also decrease ITB strain and
could reduce pain in runners with ITBS, as the ITB plays an important role in resisting
knee abduction moments (Hutchinson et al., 2022). However, these were not seen in

the Thai runners with ITBS.

The different response between the two healthy cohorts for knee kinematics and
moments may be due to the difference in running speed between the two healthy
cohort studies. The UK cohort had faster running speeds and had a greater peak knee
flexion angle, peak knee internal rotation, and knee abduction moments which have all
been associated with faster running speeds (Fukuchi et al., 2017). This suggests that KT
may benefit to increase running performance from a greater knee flexion angle over
taping without tension in the faster running speeds in the UK healthy cohort, however,
this was not seen in KTT condition. This result may be due to the running speed was not
controlled and effect of a small sample size, and happened by chance. In addition, the
results suggest the slower running speeds in the Thai healthy cohort of taping with
tension might have an effect on knee internal rotation angle or knee abduction
moments and the ability of the tape to have a meaningful effect which is not seen at the
faster running speeds. This may suggest the proprioceptive effect of the tape is
diminished at faster running speeds when greater knee internal rotation or knee
abduction moments are present. This may be because the KT application used in this
thesis was not applied directly to the knee, and could also be due to associations

between other factors which can also influence the lower limb kinematics and moments,
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such as foot posture (Powell et al.,, 2016), footwear (Lewinson et al., 2013), but the

consideration of these factors were outside the scope of this thesis.

For Gmax and Gmed muscle activity, there was a significant decrease in both Gmax and
Gmed muscle activity immediate post-tape compared to pre-tape in runners with ITBS,
although there was only a significant difference in the main effect for pre-immediate
post-tape. This was similar to the findings in the UK and Thai healthy participants which
also showed significantly decreased Gmax muscle activity in the KTNT condition
compared to the NT condition. Similarly, the Thai healthy participants showed that the
Gmed muscle activity was significantly decreased in both KTT and KTNT conditions
compared to the NT conditions, although no significant difference was observed in the
UK healthy participants. Decreasing the Gmax and Gmed muscle activity may be
associated with a decrease in pain in runners with ITBS. The Gmax is a muscle that
connects to the ITB (Richard et al., 2009, Agur et al., 2017), a decrease Gmax muscle
activity could lead to a decrease in the tension in the ITB which can reduce the strain or
compression of the ITB against the LFE, and may lead to decrease in pain in runners with
ITBS. Furthermore, the Gmed is the major hip abductor muscle, and provide eccentric
control into hip adduction during stance phase (Lenhart et al., 2014), therefore, changes
in the Gmed muscle may be associated with minimize hip adduction which has been
indicated as a risk factor during running with ITBS (Baker and Fredericson, 2016). These
are supported by Baker et al. (2018) who demonstrated that there was an increase in
the Gmax and Gmed muscle activity in runners with ITBS compared to healthy runners.
Additionally, the results of this thesis would indicate that the KT application used in this
thesis may help to decrease the Gmax and Gmed muscle activity when running at slower

speeds, and reduce only the Gmax muscle activity when running at faster speeds.

For the perception of comfort, knee stability, and running performance the runners with
ITBS reported more positive responses when running under the KTT than the Thai and
UK healthy participants, with the KTNT producing similar responses to a lesser extent.
This supports that there may be a subjective difference in the KT application between
runners with ITBS and healthy participants in the perception of comfort, knee stability,

and running performance. One explanation for this difference was that runners with
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ITBS have pain and altered lower limb biomechanics during running. Therefore, runners
with ITBS may benefit to a greater extent when considering the perception of comfort,

knee stability, and running performance when using KT.

When considering the clinical implications, this thesis investigated the immediate effect
of KT on the biomechanics of running and the short-term effect on clinical outcome
measures. The results of the study on Thai runners with ITBS showed that there was
altered biomechanics in the KTT group, which may relate to the reductions in pain in
both the KTT and KTNT groups, with the greatest effect seen in the KTT group. The
results of this study support the hypothesis that the KT application in this thesis has
short-term benefits for runners with ITBS, which can help them to run with reduced
pain. This may allow runners to continue training, or possibly return to competition

without time-off running participation during the rehabilitation period.

This study did not investigate the medium-term effects of KT, and further studies are
needed to confirm whether KT produces a continued effect and whether there is a latent
effect after the tape is removed on both the clinical and biomechanical outcome
measures. When considering the removal of the tape, pain may return or may result in
a lack of confidence and kinesiophobia when running without tape. In the author’s view,
therapists may gradually decrease the tension or use the KT with no tension before
removing the KT. Nevertheless, there are a limited number of studies that have reported

on the rate of removal of KT and therefore, future research is required to investigate this.

The therapist may need to consider the KT application for individualisation in terms of
tension of tape, location of tape, and number of lines of KT applied, which may be
different from the thesis in clinical implication. This thesis successfully used KT to help
improve the biomechanics and muscle activity which have been associated with ITBS in
both runners with and without ITBS. In addition, the application of KT in this thesis can
also help to decrease pain in runners with ITBS, therefore, the KT technique used in this
thesis may be used as a guideline for runners with ITBS. However, the biomechanical
changes seen in this thesis were mostly at the hip joint with a lesser effect at the knee

joint, which could be due to the KT application in the present study being not applied
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directly to the knee but applied more proximally, hence a greater effect at the hip joint.
In addition, the taping technique used in this thesis was not applied directly over the hip
abductor or hip external rotator muscles, therefore, KT may not offer sufficient
proprioceptive effect to increase hip abductor or hip external rotator muscle’s function.
It may be necessary for the therapist to apply KT directly to the hip or knee to see direct
improvements in knee biomechanics or hip abductor and/or external rotator muscle’s
function (Mackay et al., 2020, Rajasekar et al., 2018), however, this was outside the

scope of this thesis.

When considering the KT technique used in this thesis, four lines of KT were used. One
line is commonly referred to as the “inhibition” technique, 1 line as “space correction”,
and 2 lines as “functional correction”. Although there is little evidence to support the
proposed actions of these individual or combined techniques, the results of this thesis
suggest that these techniques provide a level of therapeutic benefit by encouraging self-
reported outcome measures. Furthermore, the amount of KT tension could have been
adapted for each participant depending on their assessment, however, there is a lack of
evidence to support a differential taping treatment plan, but this could be an interesting
future investigation. Moreover, this thesis showed the biomechanical effects of taping
in running and further investigation of other dynamic movements such as single leg
squat, drop jump, and pivot turns used in different sports and patient groups may also

provide greater insight into the effect of such taping techniques.

One explanation for the effect of KTT to facilitate hip external rotation is somatosensory
stimulation. However, when considering the changes seen in the significant parameters,
some parameters show similar changes in KTNT and KTT compared to the NT condition
such as average Gmax and Gmed, which were observed in both healthy cohort studies
and the participants with ITBS, Table 7-1. This was in contrast to a systematic review
concluding that KT had no benefit over taping without tension (Parreira Pdo et al., 2014).
In addition, one factor that could be associated with the improvement in some
parameters was the psychological effect of KT, however there was no significant change

in kinesiophobia which was a psychological parameter considered in the Thai ITBS study.
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Nonetheless, the principal mechanism of the effect of KT is likely multifactorial and

needs further investigation in future research.

7.2 Contributions to Knowledge

To the authors knowledge, this is the first study to investigate the effect of KT on running
biomechanics and perceived outcome measures in individuals with and without ITBS.
The KT technique used in this thesis has been hypothesised to increase peak hip external
rotation, decrease peak hip adduction and internal rotation and may also decrease peak
knee internal rotation, all of which have been previously associated with runners with

symptoms of ITBS.

The results of this thesis help our understanding of the immediate effects of KT on
running biomechanics and perceived comfort, knee stability, running performance and
short-term clinical effects. The first two studies investigated healthy participants
recruited from UK and Thai runners, with the KT with tension showing modified running
biomechanics including increased hip external rotation and abduction angles, with a
positive effect on perception of comfort, knee stability, and running performance when
using KT. These changes in running biomechanics may be associated with the problems
experienced in runners with ITBS. The final study was, to the author’s knowledge, the
first RCT to investigate the effect of KT in runners with ITBS, which aimed to explore the
possible mechanisms by which KT may reduce pain through changes in lower limb
biomechanics. The results of the ITBS study help our understanding of the immediate
effects of KT on running biomechanics, muscle activity, hip abductor and external
rotator muscle strength, and TFL muscle and ITB length. This thesis also showed that the
application of KT can help to decrease pain, improve all domains of KOQOS, improve
GROC, with no participant reporting any negative important changes in perceive
comfort, knee joint stability, and running performance in the short term, although there
was no change in the fear of movement over the 7 days considered. Therefore, KT may
help runners with ITBS during rehabilitation and training and may subsequently reduce

the time away from running participation.
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7.3 Research Limitations

This study countered many of the potential limitations by conducting rigorous literature
reviews and pilot studies, but it was not possible to control all variables. The first would
be the small sample size when examining sex differences, which could be viewed as a
limitation. However, the reporting of the effect of taping with both sexes combined,
allows for the overall effects to be considered. Future larger studies on the effect of
taping on the different sexes should be conducted. The runners were instructed to run
at the same self-selected speed under the different conditions and no significant
differences were seen in running speed between the conditions except between the
KTNT condition compared to NT condition for males in the Thai healthy cohort.
However, running speed was not controlled and could have varied between participants.
This is a limitation as speed induced changes could appear, however the researcher took
this approach to allow the participants to run at their most comfortable speed.
Furthermore, not accurately measuring the amount of stretch of the tape is a limitation.
Although the application of the KT was applied by a single certified KT practitioner and
the proportional increase in KT length visually assessed, variations in the amount of KT
stretch could possibly influence the amount of sensory stimulus which could change the
level of response to the tape. Each participant wore their own footwear which could be
viewed as a limitation as different types of running shoe may have been used during
testing, for example minimal and maximal running shoes, however this was not recorded

and could not be considered within the analysis.

The exact nature of the perception of comfort and running performance in this thesis
were not well defined which are another limitation. A greater understanding may have
been achieved if this was specific to, for example comfortable when moving, or no
irritation, and what running performance is such as increasing the running speed or
agility. This would improve understanding of the question for participants and help the

interpretation.

In all studies in this thesis, there was an additional limitation in the data collection

protocol, as some markers had to be removed and reattached after the tape was
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applied. The effect of this was assessed by checking the repositioning of the anatomical
markers by creating virtual markers based on the markers that remained attached
(Chapter 3, section 3.4.3). However, any effect of the taping should be considered in
light of this marker removal and reattachment which introduced a possible source of

test/retest error in the biomechanical measures.

In addition, the KT was re-applied on day 4, and there could have been variations in the
tape tension compared to the first day as this was not objectively assessed and recorded.
Further work is required on the quantification of the effect of different amounts of KT
stretch to determine the optimum tape and whether this should be varied in relation to

the individual’s presentation.

7.4 Recommendations for future research

The findings from this work have shown the immediate effect of KT on the biomechanics
of running, muscle activity, and muscle length, and also shows positive effects in the
majority of the clinical outcome measures, most noteworthy being a decrease in pain

level in runners with ITBS over the 7 days.

To the author’s knowledge, there is little or no research on the medium- and long-term
effects of KT in the management of symptoms of ITBS in runners. Current evidence from
clinical trials on pain outcomes is controversial and insufficient to draw any conclusions
about the effects of KT (Luo and Li, 2021). Future studies should explore the short-,
medium- and longer-term effect of KT on the biomechanics of running, muscle activity,
muscle strength and muscle length and whether any changes observed are maintained
after the removal of the KT, as well as the medium and longer-term benefits in the
clinical outcome measures. This absence of literature was highlighted by a previous
systematic review and meta-analysis on the use of KT for knee osteoarthritis which
stated that evidence exists for the short-term effectiveness but is not available for long-
term treatment (Luo and Li, 2021). Based on the findings within this thesis that KT may
help to reduce pain and improve function in the short-term, these effects are worthy of

further investigation in the medium and longer term in runners with ITBS.
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One aspect not considered within this thesis is the effects on the biomechanics of the
ankle joints and any association with the changes seen at the knee and hip joints. In
addition, further exploration of the comparisons in the biomechanics between healthy
and ITBS participants in the no tape condition could be conducted, as could additional
analysis of estimates of forces on the structures associated with ITBS. Although current
work was specific to runners with ITBS, the findings suggest similar explorations would
be applicable in other patient population groups who suffer from knee pain such as
patellofemoral pain or knee osteoarthritis to help our understanding of the

biomechanics and the association with changes in clinical outcome measures.

The findings presented would suggest that the KT has a positive effect on knee and hip
biomechanics and short-term clinical outcomes, therefore exploring other interventions
such as neoprene sleeves, knee braces and/or rigid tape, interventions such as
stretching or strengthening exercises, or a combination of KT with other interventions
may provide interesting and complimentary insights. Although previous effects of KT as
an adjunct to exercise in the treatment of PFP showed a similar improvement in pain
and functional performance compared to the control group who received only an
exercise programme (Akbas et al., 2011), there has been little or no research on the
combination of KT with rehabilitation programmes such as stretching or strengthening
exercises in runners with ITBS. Some studies have reported that increases in Gmed
muscle strength from a 6-week rehabilitation program can alleviate symptoms and
facilitate a return to running in runners with ITBS (Fredericson et al., 2000, Beers et al.,
2008). Additionally, stretching of the TFL and ITB is frequently considered as part of ITBS
rehabilitation programs and may reduce the friction between the ITB and the LFE during
flexion and extension of the knee joint (Fairclough et al., 2006). When considering a
combination of treatments various studies have shown that this can be more beneficial
for runners with ITBS then single interventions such as taping (Fredericson et al., 2000,
Beers, 2008, Ferber et al., 2010b). Therefore, it may be worthy to investigate a
combination of KT with the stretching of TFL and ITB and/or the strengthening of the
Gmed muscle, as well as other risk factors such as patient education about ITBS, running

shoes, and running technique (Fredericson and Weir, 2006, Barber and Sutker, 1992).
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7.5 Final Conclusions

The results of this thesis help our understanding of the effect of KT in healthy
participants and in runners with ITBS. The results from the healthy studies showed that
this KT technique appeared to increase peak hip external rotation in both the UK and
Thai healthy cohorts. Additionally, there was a decrease in peak hip internal rotation
angle in the Thai healthy participants, and there was a trend towards a decrease in peak
hip adduction and internal rotation angle in the UK healthy participants. Furthermore,
TFL activity showed a decrease with KTT compared with NT, and Gmax activity reduced
with KTNT when compared with NT in the UK healthy participants. Whereas the Thai
healthy participants showed Gmax activity decreased with KTNT compared with NT and
there was a trend toward a decrease in TFL activity in the KTT condition compared to
the NT condition. These results suggest that a significant change in biomechanics of
running and muscle activity can be achieved with the application of KT, with the greatest
effect seen with the application of KT with tension, with no participants reporting any

negative important changes in comfort and perception of stability of the knee joint.

The results of the Thai ITBS study showed that this KT application has a similar
biomechanical effect in symptomatic runners with ITBS. There was an increase in the
peak hip external rotation in the KTT group, with decrease in average TFL activity but no
main effect for group was seen, with an increase in the TFL and ITB length in both the
KTT and KTNT groups. In addition, the KTT group had a significantly lower peak knee
external rotation moment compared to the KTNT group at immediate post-taping, with
no significant differences seen between groups for pre-tape. Furthermore, a decrease
in the average Gmax, Gmed, and VM muscle activity was seen with tape but no
differences were seen between the groups. Clinical outcome measures in the KTT group
showed improvements in NPRS, all domains of KOOS, GROC, and also no participant
reported any negative important changes in perceive comfort, stability of knee joint, and
running performance, although no changes were seen in TSK. All of these results suggest
that changes in running biomechanics previously associated with ITBS may be ameliorated
by the use of KT and are most effective with kinesio tape with tension. In addition, with

the exception of TSK, there was an improvement in all clinical outcome measures.
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Appendix 1. Certified Kinesio Taping Practitioner
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Appendix 2. Likert Scale Questionnaire of UK Healthy study

Likert Scale Questionnaire - Please answer the following questions.

Tape 1

1. Do you think kinesio tape is comfortable?

lightl i
S.trongiy Disagree S_|g ty Neutral Slightly Agree Strongly
disagree disagree agree agree
1 2 3 4 5 6 7
2. Do you think kinesio tape helps the stability of your knee?
Sfcrongly Disagree S.Iight!y Neutral Slightly Agree Strongly
disagree disagree agree agree
1 2 3 4 5 6 7
3. Do you think kinesio tape offers benefits to your running performance?
Sfcrongly Disagree S'Ilght[y Neutral Slightly Agree Strongly
disagree disagree agree agree
1 2 3 4 5 6 7
Tape 2
1. Do you think kinesio tape is comfortable?
Sicrongly Disagree S.Isghtly Neutral Slightly Agree Strongly
disagree disagree agree agree
1 2 3 4 5 6 7
2. Do you think kinesio tape helps the stability of your knee?
SFrongly Disagree §I|ghtly Neutral Slightly Agree Strongly
disagree disagree agree agree
1 2 3 4 5 6 7
3. Do you think kinesio tape offers benefits to your running performance?
| i ightl t I
Sjcrong Y Disagree S]aght[y Neutral slightly Agree Strongly
disagree disagree agree agree
1 2 3 4 5 6 7
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Appendix 3. UK Healthy Study Publication

UK healthy study was published as an article in the Gait and Posture journal.

Gait & Posture 91 (2022) 179-185

ELSEVIER

journal homepage: www.elsevier.com/locate/gaitpost

Contents lists available at ScienceDirect - (; m‘
;

Gait & Posture P (NUHE

P. Watcharakhueankhan ®"",

“ Allied Health Research Unit, University of Central Lancashire, UK
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Check for

The immediate effects of Kinesio Taping on running biomechanics, muscle %=
activity, and perceived changes in comfort, stability and running

performance in healthy runners, and the implications to the management of
Iliotibial band syndrome*

G.J. Chapman?, K. Sinsurin”, T. Jaysrichai®, J. Richards®

ARTICLE INFO

ABSTRACT

Keywords:

Kinesio tape

Running biomechanics
Electromyography
Running

Tliotibial band syndrome

Background: Kinesio Taping is frequently used in the management of lower limb injuries, and has been shown to
improve pain, function, and running performance. However, little is known about the effects of Kinesio Taping
on running biomechanics, muscle activity, and perceived benefits.

Research question: This study aimed to explore the immediate effects of Kinesio Taping on lower limb kinematics,
joint moments, and muscle activity, as well as perceived comfort, knee joint stability, and running performance
in healthy runners.

Methods: Twenty healthy particip ran at a self-sel d pace along a 20-metre runway under three conditions;
no tape (NT), Kinesio Tape with tension (KTT), and Kinesio tape without tension (KTNT). Comparisons of peak
hip, knee angles and moments, and EMG were analysed during the stance phase of running.

Results: KTT exhibited significant increases in peak hip flexion, peak hip abduction and hip external rotation
compared to NT. Moreover, the KTT condition showed a trend towards a decrease in peak hip internal rotation
and adduction angle compared to the NT condition. EMG results showed that Tensor Fascia Latae activity
decreased with KTT compared with NT, and Gluteus Maximus activity reduced with KTNT when compared with

NT. Ten of the 20 participants indicated important imp. in the comfort score, six participants in the
knee stability score, and seven participants in the runnmg performance score when using KTT.
Significance: These results suggest that changes in running b iated with ITBS can be

improved with the application of kinesio tape, with the greatest effect seen with Lhe application of kinesio tape
with tension. Perceived improvements were seen in comfort, stability and running performance, however these
benefits were only seen in half the participants. Further work is required to explore the biomechanical effects and
perceived benefits in different patient groups.

1. Introduction

that KT was more effective compared to active or sham taping, although
the differences were small and may not be clinically important, in

Kinesio Taping (KT) is a common treatment technique in physical
therapy and rehabilitation in the treatment of musculoskeletal problems
[1-5]. Although, the therapeutic effects of KT are still unclear, the
hypothesised therapeutic effects include; facilitating muscle activity,
providing a sensory stimulus to the skin, muscle, or fascial structures,
and limiting range of motion (ROM) [2]. A systematic review concluded

addition many of the studies were of low quality [6]. However, there is
some evidence to suggest KT may be a useful treatment option for lower
limb musculoskeletal problems [3,4] with a sy ic review sugg
ing KT may be recommended to relieve pain intensity and increase ROM
for patients with myofascial pain syndrome [5].

Despite the many health benefits of running [7], injuries are common
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Appendix 4. Participant Information Sheet of UK Healthy study

uclan

University of Central Lancashire

PARTICIPANT INFORMATION SHEET

Version 1-14/12/18

The Effects of Kinesio Taping on Biomechanical and Clinical Outcomes in
Runners with lliotibial Band Friction Syndrome

Ph.D Student: Pongchai Watcharakhueankhan

Director of Studies: Prof Jim Richards, School of Health Sciences

Invitation: You are being invited to take partin a research study. Before you decide itis
important for you to understand why the researchis being done and what it will involve.
Please take time to read the following information carefully. Please do not hesitate to
ask if there are any areas of the study you are unclear about or if you would like more
information. Take time to decide whether or not you wish to take part.

What is the purpose of the study?

The purpose of this study is to explore the immediate effects of Kinesio Taping
application on your thigh. This has been suggested to be effective in reducing pain and
improve performance in runner patients who have a lateral knee pain (iliotibial band
friction syndrome). In addition, this will determine any perceived changes inthe stability
of the knee joint, comfort and benefits of kinesio taping.

Aims of the study
The aim of the study is to collect data on the movement of your legs during running and
to determine if this affects muscle activity.

Who will conduct the research?

The research will be conducted by a team of researchers made up of experts in human
movement and physiotherapists in the Allied Health Research Unit at the University of
Central Lancashire. The team is made up of male and female researchers.

Why have | been chosen?

Your aged is between 18 to 45 years, regularly run a minimum of 10 -20 kilometres a
week, and no physical limitations which may interfere with the testing protocol such as
fatigue, illness, or dizziness. No history of musculoskeletal injury to the lower limbsin
the past 6 months, history of taking any anti-inflammatory or analgesic drugs for 72
hours prior to testing, previous surgery to the lower limbs, and skin allergy to kinesio
tape.

What we will ask you to do?
You will be asked to wear your normal sports shirt, sports shorts, and running shoes.
Then, your skin will be prepared with alcohol wipes and sensors will then be attached to

Version 1 1
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the skin using hypoallergenic double-sided adhesive tape. After that, sensors will be
attached to the skin on the pelvis and lower limbs to record the quality of movement. In
addition, EMG sensors which will be placed over key muscles of the lower limbin order
to record muscle activity.

After attachment of the sensors you will be asked to perform running tasks. Before
testing, you will be allowed to practice in order to become accustom to the testing
environment. After that, you will be asked to run at a self-selected speed along a 10m
walkway. Three completed trials i.e. good foot strikes on the force plates will be
collected and analysed.

You will be tested during running in pre-tape (no-tape), and then kinesio tape and
kinesio sham tape, the order of which will be randomised. This study will take
approximately one hour to complete.

Kinesio Tape Application

You will be received Kinesio tape application in two conditions; including kinesio tape
and kinesio sham tape. Kinesio tape, you will receive an actual therapeutic Kinesio Tape
application which consisted of 4 kinesio tape lines. The first tape will be applied over the
lateral thigh in Y shape (figure 1). The second tape will be applied across the lower of
thigh in halfcircle (figure 2), and the third and fourth tapes will be applied over the thigh
in spiral shape (figure 3-4). These four kinesio tape lines of actual therapeutic Kinesio
Tape application will be applied in stretch muscle position and various percent of kinesio
tape stretch. The sham taping consists of the same techniques and material as the real
application but will be applied with no tension in a neutral position.

Figure 1 Figure 2 Figure 3 Figure 4

Do | have to take part?

No. It is up to you to decide whether or not you take part. If you do wish to participate,
you will be given this information sheet to keep and given the opportunity to ask the
researchers any questions you have regarding the study. During the study, if there is any
aspect you are unhappy with, you have the right to withdraw at any point without giving
any reasons and without any negative consequences, this will include the withdrawal of
any data collected from you.

What we will ask you to do?

Version 1 2
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If having read this information sheet you wish to participate in this study you will be
asked to attend for one visit for approximately 1 hour.

What are the possible disadvantages or risks of taking part?
You may have some slight discomfort when we remove the kinesio tape and sensors.

What are the possible benefits of taking part?
You will have a chance to know about your running biomechanics. Moreover, after this

study, we can further understand the effects of Kinesio tape on biomechanics in runners.

What happens when the research study stops?
You will not be contacted or required to complete any further assessments regarding

this study.

Will information about me be kept confidential?

All the information that we collect about you during the course of this research will be
kept strictly confidential. When we write about the results of the study your name and
details will be removed completely.

What if there is a problem?

Any complaint about the way you have been dealt with during the study or any possible
harm you might suffer will be addressed. If you have any complaints about the study or
how you have been treated in the study, please in the first instance contact the
researchers using the details provided, they will do their best to answer your questions.
If you do not receive a satisfactory response, concerns should be addressed to the
University Officer for Ethics at OfficerForEthics@uclan.ac.uk. Information provided
should include the study name or description (so that it can be identified), the principal
investigator and the substance of the complaint.

What will happen to the results of the research study?
The findings of the study will be submitted to a journal and for conference
presentations.

Who is organising the research?
The Allied Health Research Unit in the School of Health Sciences at the University of
Central Lancashire are organising the research.

Who is funding this study?
There is not any funding in this study.

Who hasreviewed the study?
The University of Central Lancashire Ethics Committee have reviewed and approved this

study.

Thank you for taking the time to read about the study, if you have any questions
please do not hesitate to ask.

Version 1 3




Contact Details

PhD Student
Pongchai Watcharakhueankhan

PWatcharakhueankhan@uclan.ac.uk

Brook Building (Room 121)
University of Central Lancashire

Director of Studies

Prof Jim Richards

Brook Building (Room 118)
University of Central Lancashire
Preston, PR1 2HE.

Version 1
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University of Central Lancashire

Tel: 0784926313

JRichards@uclan.ac.uk
Tel: 01772 894575
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Appendix 5. PAR-Q+ 2018

2018 PAR-Q+

The Physical Activity Readiness Questionnaire for Everyone
The health benefits of regular physical activity are clear; more people should engage in physical activity every day of the week. Participating in
physical activity is very safe for MOST people. This questionnaire will tell you whether it is necessary for you to seek further advice from your doctor
OR a qualified exercise professional before becoming more physically active.

GENERAL HEALTH QUESTIONS

Please read the 7 questions below carefully and answer each one honestly: check YES or NO. YES | NO

1) Has your doctor ever said that you have a heart condition (J OR high blood pressure (J?

2) Do you feel pain in your chest at rest, during your daily activities of living, OR when you do
physical activity?

3) Do you lose balance because of dizziness OR have you lost consciousness in the last 12 months?
Please answer NO if your dizziness was associated with over-breathing (including during vigorous exercise).

4) Have you ever been diagnosed with another chronic medical condition (other than heart disease
or high blood pressure)? PLEASE LIST CONDITION(S) HERE:

5) Are you currently taking prescribed medications for a chronic medical condition?
PLEASE LIST CONDITION(S) AND MEDICATIONS HERE:

6) Do you currently have (or have had within the past 12 months) a bone, joint, or soft tissue
(muscle, ligament, or tendon) problem that could be made worse by becoming more physically

O(0(0a |0 |0
O/ 0 0|0|O

active? Please answer NO if you had a problem in the past, but it does not limit your current ability to be physically active. D D
PLEASE LIST CONDITION(S) HERE:
7) Has your doctor ever said that you should only do medically supervised physical activity? aOj0o

g If you answered NO to all of the questions above, you are cleared for physical activity.
Please sign the PARTICIPANT DECLARATION. You do not need to complete Pages 2 and 3.
® Start becoming much more physically active - start slowly and build up gradually.

@® Follow International Physical Activity Guidelines for your age (www.who.int/dietphysicalactivity/en/).
& You may take part in a health and fitness appraisal.

® If you are over the age of 45 yr and NOT accustomed to regular vigorous to maximal effort exercise, consult a qualified exercise
professional before engaging in this intensity of exercise.

® Ifyou have any further questions, contact a qualified exercise professional.

PARTICIPANT DECLARATION
If you are less than the legal age required for consent or require the assent of a care provider, your parent, guardian or care provider must
also sign this form.

|, the undersigned, have read, understood to my full satisfaction and completed this questionnaire. | acknowledge that this physical activity
clearance is valid for a maximum of 12 months from the date it is completed and becomes invalid if my condition changes. | a/‘;o
acknowledge that the community/fitness centre may retain a copy of this form for records. In these instances, it will maintain the
confidentiality of the same, complying with applicable law.

NAME DATE

SIGNATURE WITNESS
\ SIGNATURE OF PARENT/GUARDIAN/CARE PROVIDER }
| O If you answered YES to one or more of the questions above, COMPLETE PAGES 2 AND 3. I

/A Delay becoming more active if:

You have a temporary illness such as a cold or fever; it is best to wait until you feel better.

You are pregnant - talk to your health care practitioner, your physician, a qualified exercise professional, and/or complete the
ePARmed-X+ at www.eparmedx.com before becoming more physically active.

Your health changes - answer the,%uestions on Pages 2 and 3 of this document and/or talk to your doctor or a qualified exercise
professional before continuing with any physical activity program.

Copyright © 2018 PAR-Q+ Collaboration 1/4
01-11-2017
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FOLLOW-UP QUESTIONS ABOUT YOUR MEDICAL CONDITION(S)

(1 Do you have Arthritis, Osteoporosis, or Back Problems?
If the above condition(s) is/are present, answer questions 1a-1¢ ifNno(J go to question 2

1a. Do you have difficulty controlling your condition with medications or other physician-prescribed therapies? YEs(J No (O
(Answer NO if you are not currently taking medications or other treatments)

1b. Do you have joint problems causing pain, a recent fracture or fracture caused by osteoporosis or cancer,
displaced vertebra (e.g., spondylolisthesis), and/or spondylolysis/pars defect (a crack in the bony ring on the Yes(J No(J
back of the spinal column)?

1c Have you had steroid injections or taken steroid tablets regularly for more than 3 months? Yes(J no()

2. Do you currently have Cancer of any kind?
If the above condition(s) is/are present, answer questions 2a-2b IfNO D go to question 3

2a. Does your cancer diagnosis include any of the following types: lung/bronchogenic, multiple myeloma (cancer of  ygg O noO
plasma cells), head, and/or neck?

2b. Are you currently receiving cancer therapy (such as chemotheraphy or radiotherapy)? Yes(J) Nno(0)

3. Do you have a Heart or Cardiovascular Condition? This includes Coronary Artery Disease, Heart Failure,
Diagnosed Abnormality of Heart Rhythm
If the above condition(s) is/are present, answer questions 3a-3d If NO D go to question 4

3a. Do you have difficulty controlling your condition with medications or other physician-prescribed therapies? Yes(J Nno(J
(Answer NO if you are not currently taking medications or other treatments)

3b. Do you have an irregular heart beat that requires medical management? ves(J) no(D)
(e.g., atrial fibrillation, premature ventricular contraction)

3c Do you have chronic heart failure? Yes(J no(J)

3d. Do you have diagnosed coronary artery (cardiovascular) disease and have not participated in regular physical ves() no()
activity in the last 2 months?

4, Do you have High Blood Pressure?
If the above condition(s) is/are present, answer questions 4a-4b 1fN0 (J go to question 5

4a. Do you have difficulty controlling your condition with medications or other physician-prescribed therapies? ves(J) Nno (D)
(Answer NO if you are not currently taking medications or other treatments)

4b. Do you have a resting blood pressure equal to or greater than 160/90 mmHg with or without medication?
(Answer YES if you do not know your resting blood pressure) Yes( no(]

5. Do you have any Metabolic Conditions? This includes Type 1 Diabetes, Type 2 Diabetes, Pre-Diabetes
If the above condition(s) is/are present, answer questions 5a-5e IfNO D go to question 6

5a. Do you often have difficulty controlling your blood sugar levels with foods, medications, or other physician- ves(J Nno(J
prescribed therapies?

5b. Do you often suffer from signs and symptoms of low blood sugar (hypoglycemia) following exercise and/or
during activities of daily living? Signs of hypoglycemia may include shakiness, nervousness, unusual irritability, ~ vyes(J no(J
abnormal sweating, dizziness or light-headedness, mental confusion, difficulty speaking, weakness, or sleepiness.

5€ Do you have any signs or symptoms of diabetes complications such as heart or vascular disease and/or Yes() Nno ()
complications affecting your eyes, kidneys, OR the sensation in your toes and feet?

5d. Do you have other metabolic conditions (such as current pregnancy-related diabetes, chronic kidney disease, or  ygs() no (]
liver problems)?

Se. Are you planning to engage in what for you is unusually high (or vigorous) intensity exercise in the near future?  YES(J No (]

Copyright © 2018 PAR-Q+ Collaboration 2/4
01-11-2017
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6. Do you have any Mental Health Problems or Learning Difficulties? This includes Alzheimer’s, Dementia,
Depression, Anxiety Disorder, Eating Disorder, Psychotic Disorder, Intellectual Disability, Down Syndrome

If the above condition(s) is/are present, answer questions 6a-6b If NO D go to question 7

6a. Do you have difficulty controlling your condition with medications or other physician-prescribed therapies? ves(J) Nno()
(Answer NO if you are not currently taking medications or other treatments)

6b. Do you have Down Syndrome AND back problems affecting nerves or muscles? Yes(J no(J

7. Do you have a Respiratory Disease? This includes Chronic Obstructive Pulmonary Disease, Asthma, Pulmonary High
Blood Pressure
If the above condition(s) is/are present, answer questions 7a-7d If NO (J go to question 8

7a. Do you have difficulty controlling your condition with medications or other physician-prescribed therapies? ves() No()
(Answer NO if you are not currently taking medications or other treatments)

7b. Has your doctor ever said your blood oxygen level is low at rest or during exercise and/or that you require ves(J) no(J
supplemental oxygen therapy?

7¢ If asthmatic, do you currently have symptoms of chest tightness, wheezing, laboured breathing, consistent cough ves() no ()
(more than 2 days/week), or have you used your rescue medication more than twice in the last week?

7d. Has your doctor ever said you have high blood pressure in the blood vessels of your lungs? ves() Nno()

8. Do you have a Spinal Cord Injury? This includes Tetraplegia and Paraplegia
If the above condition(s) is/are present, answer questions 8a-8¢ If NO D go to question 9

8a. Do you have difficulty controlling your condition with medications or other physician-prescribed therapies? ves(J no(J
(Answer NO if you are not currently taking medications or other treatments)

8b. Do you commonly exhibit low resting blood pressure significant enough to cause dizziness, light-headedness, ves(J) no()
and/or fainting?

8c. Has your ph;/sician indicated that you exhibit sudden bouts of high blood pressure (known as Autonomic yes() no()
Dysreflexia)?

9, Have you had a Stroke? This includes Transient Ischemic Attack (TIA) or Cerebrovascular Event
If the above condition(s) is/are present, answer questions 9a-9¢ ifNno (D go to question 10

9a. Do you have difficulty controlling your condition with medications or other physician-prescribed therapies?
(Answer NO if you are not currentiy taking medications or other treatments) ves(J no(J

9b. Do you have any impairment in walking or mobility? Yes(J Nno(J)

9c. Have you experienced a stroke or impairment in nerves or muscles in the past 6 months? ves(J Nno(J

10. Do you have any other medical condition not listed above or do you have two or more medical conditions?

If you have other medical conditions, answer questions 10a-10c If NO D read the Page 4 recommendations
10a. Have Kou experienced a blackout, fainted, or lost consciousness as a result of a head injury within the last 12 ves(J) no())
months OR have you had a diagnosed concussion within the last 12 months?

10b. Do you have a medical condition that is not listed (such as epilepsy, neurological conditions, kidney problems)? ~ YEs(J No(J

10c. Do you currently live with two or more medical conditions? Yes(J Nno(J

PLEASE LIST YOUR MEDICAL CONDITION(S)
AND ANY RELATED MEDICATIONS HERE:

GO to Page 4 for recommendations about your current
medical condition(s) and sign the PARTICIPANT DECLARATION.

Copyright © 2018 PAR-Q+ Collaboration 3 / 4
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fﬂ If you answered NO to all of the FOLLOW-UP questions (pgs. 2-3) about your medical condition, \
®

you are ready to become more physically active - sign the PARTICIPANT DECLARATION below:

It is advised that you consult a qualified exercise professional to help you develop a safe and effective physical
activity plan to meet your health needs.

® Youare encouraq(e_d to start slowly and build up gradually - 20 to 60 minutes of low to moderate intensity exercise,
3-5 days per week including aerobic and muscle strengthening exercises.

® Asyou progress, you should aim to accumulate 150 minutes or more of moderate intensity physical activity per week.

® Ifyou are over the age of 45 yr and NOT accustomed to regular vi?orous_ to maximal effort exercise, consulta
\ qualified exercise professional before engaging in this intensity of exercise.

ro If you answered YES to one or more of the follow-up questions about your medical condition: |

You should seek further information before becoming more physically active or engaging in a fitness appraisal. You should complete
the specially designed online screening and exercise recommendations program - the ePARmed-X+ at www.eparmedx.com and/or
visit a qualified exercise professional to work through the ePARmed-X+ and for further information.

.

/A Delay becoming more active if:
You have a temporary illness such as a cold or fever; it is best to wait until you feel better.

You are pregnant - talk to your health care practitioner, your physician, a qualified exercise professional,
and/or complete the ePARmed-X+ at www.eparmedx.com before becoming more physically active.

Your health changes - talk to your doctor or qualified exercise professional before continuing with any physical
activity program.

® You are encouraged to photocopy the PAR-Q+. You must use the entire questionnaire and NO changes are permitted.
@ The authors, the PAR-Q+ Collaboration, partner organizations, and their agents assume no liability for persons who

undertake physical activity and/or make use of the PAR-Q+ or ePARmed-X+. If in doubt after completing the questionnaire,
consult your doctor prior to physical activity.

PARTICIPANT DECLARATION
@ All persons who have completed the PAR-Q+ please read and sign the declaration below.

® [f you are less than the legal age required for consent or require the assent of a care provider, your parent, guardian or care
provider must also sign this form.

I, the undersigned, have read, understood to my full satisfaction and completed this questionnaire. | acknowledge that this
physical activity clearance is valid for a maximum of 12 months from the date it is completed and becomes invalid if my
condition changes. | also acknowledge that the community/fitness center may retain a copy of this form for records. In these
instances, it will maintain the confidentiality of the same, complying with applicable law.

NAME DATE

SIGNATURE WITNESS

SIGNATURE OF PARENT/GUARDIAN/CARE PROVIDER

For more information, please contact

d The PAR-Q+ was created using the evidence-based AGREE process (1) by the PAR-Q+

E ‘.‘I'.ww'epar:‘e x.co!r Collaboration chaired by Dr. Darren E. R. Warburton with Dr. Norman Gledhill, Dr. Veronica
Citation for PAR-Q+ mail: eparmedx@gmail.com Jamnik, and Dr. Donald C. McKenzie (2). Production of this document has been made possible
Warburton DER, Jamnik VK, Bredin SSD, and Gledhill N on behalf of the PAR-Q+ Collaboration. through financial contributions from the Public Health Agency of Canada and the BC Ministry
The Physical Activity Readiness Questionnaire for Everyone (PAR-Q+) and Electronic Physical Activity . 3 ) 3 .
Readiness Medical Examination (ePARmed-X+). Health & Fitness Journal of Canada 4(2)3-23, 2011. of Health Services. The views expressed herein do not necessarily represent the views of the

Key References Public Health Agency of Canada or the BC Ministry of Health Services.

1. Jamnik VK, Warburton DER, Makarski J, McKenzie DC, Shephard RJ, Stone J, and Gledhill N. Enhancing the effectiveness of clearance for physical activity participation; background and overall process. APNM 36(51):53-513, 2011.
2.Warburton DER, Gledhill N, Jamnik VK, Bredin SSD, McKenzie DC, Stone J, C S, and Shephard RJ. Evid i and
36(51):5266-5298, 2011.
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Appendix 6. UCLan Research Ethics Committee approval

ucl%‘

University of Central Lancashire

13 February 2019

James Richards/ Pongchai Watcharakhueankhan
School of Health Sciences
University of Central Lancashire

Dear James/ Pongchai

Re: STEMH Ethics Committee Application
Unique Reference Number: STEMH 966

The STEMH ethics committee has granted approval of your proposal application ‘The Effects of
Kinesio Taping on Biomechanical and Clinical Outcomes in Runners with lliotibial Band Friction
Syndrome’. Approvalisgranted uptothe end of projectdate*.

It is your responsibility to ensure that

e theprojectiscarried outin line withthe information provided inthe forms you have

submitted

e youregularly re-considerthe ethical issues that may be raised in generating and analysing
your data

e any proposed amendments/changes tothe projectare raised with, and approved, by
Committee

e younotify EthicsiInfo@uclan.ac.uk if the end date changes orthe project does not start

e seriousadverse eventsthatoccur from the projectare reported to Committee

e aclosurereportissubmitted tocomplete the ethics governance procedures (Existing
paperwork can be used forthis purposese.g. funder’s end of grant report; abstract for
studentaward or NRES final report. If none of these are available use e-Ethics Closure

Report Proforma).

Yours sincerely

7~ A

7%

Emma Bray
Deputy Vice Chair
STEMH Ethics Committee

* forresearch degree students this will be the final lapse date

NB - Ethical approvalis contingent on any health and safety checklists having been completed and
necessary approvals gained as a result.
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Appendix 7.Consent Form of UK Healthy study

Fe %
uclan

CONSENT FORM

The Effects of Kinesio Taping on Biomechanical and Clinical Outcomes in Runners
with lliotibial Band Friction Syndrome

Ph.D Student: Pongchai Watcharakhueankhan
Director of Studies: Prof Jim Richards

School of Health Sciences

The following testwill require you to have sensors attached to your legs to determine your
muscle activity and movementswhilst you perform running test. Moreover, kinesio tape will
be applied to your thigh during running test. There will be breaks between the testso these
should not cause any fatigue. Only data from the sensors will be collected, no photographic
images. This will also preventyou from beingidentified in any report/publication. Before any
of the tests are conducted the University of Central Lancashire Ethics Committee require
written consent, please complete if you agree to the terms of the research.

Please initial box

| confirm that | have read and understand the information sheet forthe above
study and have had the opportunity to ask questions D

| agree to wear your normal sports shirt, sports shorts, and running shoes and
understand why this is required D

I confirm | have no physical limitations which may interfere with the testing
protocol such as fatigue, illness, or dizziness. No history of musculoskeletalinjury

to the lower limbs in the past 6 months, previous surgery to the lower limbs, and |:]
skin allergy to kinesio tape.

| understand that my participation is voluntary and that | am free to withdraw at
any time, without giving any reason, without my rights being affected. |
understand that | will be able to withdraw my data from the study up until all the
tests have been completed.

O

| agree to take part in the above study.

Name of Participant Date Signature

Name of Person taking consent Date Signature
(if differentfrom researcher)

Researcher Date Signature

1 for participant; 1 for researcher
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Appendix 8. Participant Information Sheet of Thai Healthy Study
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Appendix 9. Screening Questionnaire (Thai Version)
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Appendix 10. Informed Consent Sheet of Thai Healthy Study
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Appendix 11. Likert scale Thai version
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Appendix 12. Mahidol University Central Institutional Review Board Certificate of

Approval

COA No. MU-CIRB 2019/224.19i2

Mahidol University Central Institutional Review Board (MU-CIRB)
Certificate of Approval

Protocol No.: MU-CIRB 2019/282.2510
Title of Project: The Effects of Kinesio Taping on Biomechanical and Clinical Outcomes in Runners with
lliotibial Band Friction Syndrome
Approval Includes:
1) Principal Investigator: Mr. Pongchai Watcharakhueankhan
Affiliation: Faculty of Physical Therapy, Mahidol University
Research Site: Faculty of Physical Therapy, Mahidol University
2) Submission Form Version Received Date 28 November 2019
3) Protocol Version Received Date 25 October 2019
4) Participant Information Sheet Version Received Date 28 November 2019
5) Informed Consent Form Version Received Date 28 November 2019
6) Screening Questionnaire Version Received Date 28 November 2019
7) Questionnaire Version Received Date 25 October 2019
8) Knee and Osteoarthritis Outcome Score Version Received Date 25 October 2019
9) Thai version of Tampa Scale for Kinesiophobia Version Received Date 25 October 2019
10) Recruitment Material Version Received Date 25 October 2019
MU-CIRB is in Full Compliance with International Guidelines for Human Research Protection

_such as Declaration of Helsinki, The Belmont Report, CIOMS Guidelines and the International

Conference on Harmonization in Good Clinical Practice (ICH-GCP)

Date of Approval: 19 / December / 2019
Date of Expiration: 18 / December / 2020

Zc, f—

(Professor Dr. Rutja Phuphaibul)
MU-CIRB Chair

Signature of Institute Representative: A L(M_,

(Professor Wachira Kochakarn)

Signature of Chairperson:

Acting Vice President for Research and Scientific Affairs

* See list of Co-Investigators at the back page
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List of Co - Investigators
1. Prof. Dr. Jim Richards
2. Dr. Graham Chapman
3. Asst. Prof. Dr. Komsak Sinsurin

AWl MU-CIRB Approved Investigators must comply with the Following:

1. Conduct the research according to the approved protocol.

2. Conduct the informed consent process without coercion or undue influence, and provide
the potential subjects sufficient time to consider whether or not to participate.

3. Use only the Consent Form bearing the MU-CIRB Approval stamp.

4. Obtain approval of any changes in research activity before commencing and informed
research participants about the changes for their consideration in pursuing the research.

5. Timely report of serious adverse events to MU-CIRB and any new information that may
adversely affect the safety of the subjects or the conduct of the trial.

6. Provide MU-CIRB the progress reports at least annually or as requested.

7. Provide MU-CIRB the final reports when completed the study procedures.

MU-CIRB Address: Office of the President, Mahidol University, 4th Floor, Room Number 411
999 Phuttamonthon 4 Road, Salaya, Nakhonpathom 73170, Thailand

Tel: 66 (0) 2849 6224, 6225 Fax: 66 (0) 2849 6224

E-mail: mucirb@gmail.com

Website: http://www.sp.mahidol.ac.th
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COA No. MU-CIRB 2019/224.1912

Certificate of Approval

Protocol No.: MU-CIRB 2019/282.2510
Title of Project: The Effects of Kinesio Taping on Biomechanical and Clinical Outcomes in Runners with

lliotibial Band Friction Syndrome

Approval Includes:
1) Principal Investigator: Mr. Pongchai Watcharakhueankhan
Affiliation: Faculty of Physical Therapy, Mahidol University
Research Site: Faculty of Physical Therapy, Mahidol University
2) Submission Form Version Date 11 March 2020
3) Protocol Version Date 16 March 2020
4) Participant Information Sheet Version Received Date 11 March 2020
5) Informed Consent Form Version Received Date 28 November 2019
6) Screening Questionnaire Version Received Date 28 November 2019
7) Questionnaire Version Received Date 25 October 2019
8) Data Collection Form Version Date 2 July 2020
9) Knee and Osteoarthritis Outcome Score Version Received Date 25 October 2019
10) Thai version of Tampa Scale for Kinesiophobia Version Received Date 25 October 2019
11) Recruitment Material Version Received Date 25 October 2019

MU-CIRB is in Full Compliance with International Guidelines for Human Research Protection
such as Declaration of Helsinki, The Belmont Report, CIOMS Guidelines and the International

Conference on Harmonization in Good Clinical Practice (ICH-GCP)

Date of Approval: 19 / December / 2020
Date of Expiration: 18 / December / 2021

Signature of Chairperson:

(Professor Dr. Rutja Phuphaibul)
MU-CIRB Chair

* See list of Co-Investigators at the back page
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List of Co - Investigators
1. Prof. Dr. Jim Richards
2. Dr. Graham Chapman

3. Asst. Prof. Dr. Komsak Sinsurin

All MU-CIRB Approved Investigators must comply with the Following:

1. Conduct the research according to the approved protocol.

2. Conduct the informed consent process without coercion or undue influence, and provide
the potential subjects sufficient time to consider whether or not to participate.

3. Use only the Consent Form bearing the MU-CIRB Approval stamp.

4. Obtain approval of any changes in research activity before commencing and informed
research participants about the changes for their consideration in pursuing the research.

5. Timely report of serious adverse events to MU-CIRB and any new information that may
adversely affect the safety of the subjects or the conduct of the trial.

6. Provide MU-CIRB the progress reports at least annually or as requested.

7. Provide MU-CIRB the final reports when completed the study procedures.

MU-CIRB Address: Office of the President, Mahidol University, 4th Floor, Room Number 411
999 Phuttamonthon 4 Road, Salaya, Nakhonpathom 73170, Thailand

Tel: 66 (0) 2849 6224, 6225 Fax: 66 (0) 2849 6224

E-mail: mucirb@gmail.com

Website: http://www.sp.mahidol.ac.th
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Appendix 13. Unpaired t-tests and Mann-Whitney U tests for comparisons between the

UK and Thai healthy participants under the NT condition

Shapiro-Wilk tests were performed to determine the distribution of the data. The result
found that there were parameters that showed non-normal distributed including peak
hip flexion moment, peak hip abduction moment, peak hip adduction moment, peak hip
internal rotation moment, peak knee flexion angle, minimum knee flexion angle, peak
knee abduction angle, peak knee adduction moment, peak knee external rotation
moment, coronal plane knee ROM, peak VM muscle activity, and running speed. For
normally distributed data, Unpaired t-tests were used to compare between the UK and
Thai healthy participants under the NT condition whereas Mann-Whitney U tests were
used in non-normally distributed data. Table Appendix 13-0-1 showed mean (SDs) and
Unpaired t-tests results, median (Q1/Q3) and Mann-Whitney U tests of peak hip
kinematics and moments in the sagittal, coronal and transverse plane. Table Appendix
13-0-2 showed mean (SDs) and Unpaired t-tests results, median (Q1/Q3) and Mann-
Whitney U tests of peak knee kinematics and moments in the sagittal, coronal and
transverse plane. Table Appendix 13-0-3 showed mean (SDs) and Unpaired t-tests
results, median (Q1/Q3) and Mann-Whitney U tests of normalised values from EMG

signal analysis during stance phase.

For running speed, the Mann-Whitney U tests showed a significant greater in the UK
healthy participants compared to the Thai healthy participants (p<0.001). The mean (Q1,
Q3) running speed in the UK healthy participants was 3.87 (3.32, 4.27) m/s and for the
Thai healthy participants was 2.79 (2.56, 3.16) m/s.
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Table Appendix 13-0-1 Mean (SDs) and Unpaired t-tests results, median (Q1/Q3) and

Mann-Whitney U tests of peak hip kinematics and moments in the sagittal, coronal

and transverse plane.

Parameter UK healthy Thai healthy P value

Hip Kinematics

(degrees)

Peak flexion 34.78 (7.40) 34.76 (7.12) 0.993

Peak extension -7.30 (5.93) -3.39 (5.19) 0.032*

Peak adduction 13.59 (4.13) 9.32(2.85) <0.001*

Peak abduction 0.16 (3.30) -1.05 (3.21) 0.248

Peak internal rotation 1.57 (4.34) 1.26 (6.58) 0.864

Peak external rotation -6.77 (4.91) -6.70(7.21) 0.971

Sagittal plane ROM 42.08 (6.11) 38.14 (5.42) 0.038*

Coronal plane ROM 13.44 (2.72) 10.37 (2.89) 0.001*

Transverse plane ROM 8.34 (2.85) 7.97 (3.34) 0.704

Hip Moments

(Nm/kg)

Peak extension 2.22 (0.70) 1.54 (0.49) 0.002*

Peak external rotation 0.60 (0.22) 0.58 (0.18) 0.799

Peak flexion -1.02 -0.72 0.181
(-1.34, -0.66) (-0.81, -0.64)

Peak abduction 2.00 1.56 0.045*
(1.44,2.22) (1.50, 1.76)

Peak adduction -0.33 -0.15 <0.001*
(-0.43, -0.22) (-0.22, -0.13)

Peak internal rotation -0.08 -0.07 0.849
(-0.14, -0.02) (-0.15, -0.04)

* Significant difference at the 0.05 level.
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Table Appendix 13-0-2 Mean (SDs) and Unpaired t-tests results, median (Q1/Q3) and

Mann-Whitney U tests of peak knee kinematics and moments in the sagittal, coronal

and transverse plane.

Parameter UK healthy Thai healthy P value

Knee Kinematics

(degrees)

Peak adduction 0.27 (2.83) 2.92 (3.49) 0.012*

Peak internal rotation 10.64 (5.08) 3.26 (5.33) <0.001*

Peak external rotation -5.22 (4.79) -10.12 (5.71) 0.005*

Sagittal plane ROM 29.71 (5.16) 27.27 (4.01) 0.103

Transverse plane ROM 15.86 (4.13) 13.38 (3.02) 0.037*

Peak flexion 38.88 42.29 0.037*
(34.99, 42.37) (40.36, 45.23)

Minimum flexion 9.60 14.47 <0.001*
(7.61,10.91) (12.21, 17.00)

Peak abduction -5.32 -2.51 0.002*
(-6.85, -4.04) (-3.48, -0.08)

Coronal plane ROM 5.67 4.56 0.245

(4.52, 7.06) (3.85, 6.68)

Knee Moments

(Nm/kg)

Peak extension 2.80(0.57) 2.65(0.47) 0.403

Peak flexion -0.27 (0.18) -0.25(0.13) 0.771

Peak abduction 0.41 (0.26) 0.64 (0.32) 0.024*

Peak internal rotation -0.42 (0.19) -0.35(0.12) 0.233

Peak adduction -0.16 -0.10 0.003*
(-0.31,-0.12) (-0.15, -0.06)

Peak external rotation 0.04 0.03 0.750

(0.02, 0.05) (0.02, 0.05)

* Significant difference at the 0.05 level.
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Table Appendix 13-0-3 Mean (SDs) and Unpaired t-tests results, median (Q1/Q3) and

Mann-Whitney U tests of normalised values from EMG signal analysis during stance

phase.

Parameter UK healthy Thai healthy P value
Average Activity
Gmax 0.12 (0.03) 0.11 (0.03) 0.448
Gmed 0.12 (0.05) 0.12 (0.04) 0.926
TFL 0.12 (0.04) 0.12 (0.03) 0.681
VM 0.11 (0.04) 0.11 (0.03) 0.568
VL 0.08 (0.03) 0.11 (0.03) 0.009*
Peak Activity
Gmax 0.61 (0.09) 0.58 (0.15) 0.469
Gmed 0.64 (0.10) 0.67 (0.12) 0.318
TFL 0.57 (0.16) 0.60 (0.18) 0.632
VL 0.50 (0.19) 0.65 (0.14) 0.008*
VM 0.66 (0.57,0.73) 0.57 (0.47,0.72) 0.185

* Significant difference at the 0.05 level.
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Appendix 14. Participant Information Sheet of Thai ITBS Study

MU-CIRB AN TUMIDILEITUMIVIHAUTIUNE I Nendoafina udly a1 Suii 02/08/2016
enasBuasithi 23 ds dmTudidrinAdunitiony 18 YuSysaiduly (Participant Information Sheet) nih 1 ves 4 v

S Y Y 1 av o v YY1 Av da a4 a 44.
1NE5THIN NI mFudiinsanddeiiieny 18 Yudysaiauly
(Participant Information Sheet)

O duafu MnsU5unaouasaft... 2o ...tk B10........2563...

Tuenasiteredivenamiimueuudadaiinle Tsagevonmiamilasemsive niegumulivigesviy

U Y. - Yo ; 7 o @ U oy 4 - v ady P a <
oundeznlon muezldsuenansii 1ty vmdvTlendihuiedSnmmenvandiiios Wouaiin unne
Yszdnia  veamu wieounimudesmsfiny tevaelumsaadulatnsaumsice

A ya a ' v & P s aa v A o i
yolasams (mm"lvm) Nams'l‘mmﬂamﬂﬁanaammwanamﬁﬂmazﬂaun'luumqmf]u Iliotibial Band

Friction Syndrome
A e v A o
VOKIVY HIYWIHYY IYILUDUVUD

amuiie
1. pmzmonmihda uninendeuiiaa M1 @A 999 QUUNNEUUNAMY 4 AT DNNBUUNA 9.
unsgy 73170
2. quémenminta (Feaznauidonssihind) aszmonminda aninndouiaa
198/2 auuaudnszhund nvaenadiu wanewda nzamma 10700
Tnsfwil : 02-441-5450
Tnsfinn 086-326-8162

@ a

L2 4 a a & o v o '
TasamsannilmtuiednuwamslsandTom) emldiemsiniasou) adeunluindeniidyniha
' : = ' o ' A o & w v A A
maduuen False Teminamaig 185ude ¥roliidlomamslfimimivemsihdasnuhnindeiilidymiiha
" o A o W o v a4 ' 4 4
whmaduen sazithumamams lmidnemsiitias an luau 1dhind ifldyvnlaimeduuen et

3 v . y
wlhindaunmiiannsadaldhidesngainvashmsinuuaztuy1a

v :
' av A ot v o -

' Yo A Y 9 ' Vel ot va v o ~ '

muldsuFliidindield maziuiuiilqumni@asudn munaaiigivetmua feiiorgszning
P a H ' a " il o @ A s

18 9 45 1 Tszezmamsiundesmeiiados 10 dlawmsaedday imshifamsaaeu lvamameienraez
1 ' y ' < U a et wa @ " @ ' a ]
danaromsnadeuld 19y mssoud maduhe wiemsdeudsye Wllse e ldsumsidaaeusian i
fiomnieomsddgoanes anmmadeindu 9 1aun msiturhmedumh, Wudey, msinadunueuses
nszgainduen, matadudulszamuinu, msduhinnmés, msnaduveadeni, uazmssniay

y & oy o a y g y Ay v v Vol y A a Yo '
vaanduiendaderiuniordudundmiiomumndsdun  Tulimssusemunamenduilonsesuisnia uneu

mynaaey 72 97 Tuanas ludmsudaamldinemstiniasnm

Participant Information Sheet version 11/03/2020 1

348



MU-CIRB AULATTUMIDIBFITUMSITeTUAUTIUNAN U Ingdbaiina udlv o 31 02/08/2016

enasFuasdithi3dy dmsudidhi i duiittery 18 Tudysaftuly (Participant Information Sheet) Wi 2 ves 4 win

Uiz Tominmu'ld5u fe ez 18t TemansuFanasmaasnisdaveding 185uTemamsasiiameii
< y & A g A Yo v A o e . s Y
anuudausanduile anudangundnile uaz185uTemalfimld@inemsiiasnmndesimsthanimiedu

v '
wenveaiutazmIna ot ldnadszithilss Tomidmsudtheiii ms thaidmiuen Tuewinald

8 adinin e B ; N 3
TnsamsanuiiazdifidsmumsiTensdudszana 44 au szeznaildhudsmumsitelszna 2 $9Tua de

S o
2 %2104 30 UIR

v
o

Vv oa v 1 av v av v 1 Sa
Tnﬂﬂ'“lﬂﬂﬂlﬂ%l‘lﬂf]uﬂ]ﬁ‘]%ulla? ﬁzu‘luﬂaun’l’?ﬂﬂﬂ@ﬂa‘ﬂuﬂﬂ

FJUABUMIIATHUMS
Yoo o a o P ¢ = 4 av &
fvoimsetineiagiszaen  duaeumsine sz lemiveamsfinm  anu@salumsite  sownams
o o 2 o v o va o wa g ' o w
Posfunazanuilasasvveansininil amindidedunwaitsz am lluasdse3annudule wu Tsmlszids
=1 ' ' ' aw @ ' ~ ' av
wazmImady tazmmihudmumnaaimsdhimauite §ves: Wiuammwluludusendhsnide
Y Y aw Yo o td
Aidhimmsiionnau sz ldsumsnaaeunnumiavean TasmsWiazgaavea tenlawnnaiiiugiliay
¥
ey
Qvl =3 ¥
Tuneumsiiudexya
v oA & i ' i v . ) Y a i 4
Fuimila - muez ldgadond s manandu quinuazseumimvesiueslumsnagey 1niuy
Yoo v /d a o o a S w e o y A4 9 Xy )
fvvez 1dueanesediyarimiiaias taz MM sAads udyaram shauvesnd e nn oA uaz AUNYed
v v .
ndeitiomsthaimaediuen s 185ums@ans oanuonse navas fouuas USnuvazAsEQMIE
AFIUUDINY
v . .
wdanmiv ez ldsumsnageudiemsduiuszezma 10 wasreutazndams miminemstiasnmn
Matimuaza s-10 seumineuuazadamiiomsihiasaum Tasuaas souvesms naae Uz liszozianinuiu
oy a a4 oA v A Yy 4 o d oy & ' v
ag1a1ley 60 Turiiviosunimzmamilosuazniounezimsnaaouasanell FAeumsnaaoumueyla
naaadouduie liiiannuduinofudauadounas msnagey
i v
wonnnii nounageumssiez 1d5umsialumendinldus mszeumuszduanudvlinves
; ; o 2
oimstharmeduuen minageundanduiazmsmdivosndmitodundiiuen mnaaeuANULTLT
b 4
yeanduiiioas Tnn MINAaBLAIMS tev 1A taziuuuaeumumsUsaiudenn wuvaeualsziiu
msnarlumsindouny tazndamsnageumsidemsaamldiemstiasnunueg 1d5umsaounuszdy
o ' v P o P o A 0o o w A
anudmhaveseimsthanmeduuen uuudeunwanuidnnaimsgmifivenistniasnmluGesnnu
o i a a o A&
AZANAVIY ANVITUAIVBINLAZ AUTTONNMT N nuuaeumudsziiumsnalumsinfiou vy way uwy

UsziiumsnfasuudasormsTags

Participant Information Sheet version 11/03/2020 2

349




MU-CIRB AVZNIINMIOIBSTTUMI I TUAUTIUNAN A INMdBNTina udl o Yui 02/08/2016

o

enas Bt 135y dm3udidrinddeiiiony 18 Tu3ysaiuly (Participant Information Sheet) 11N 3 ves 4 Wi

o Ad 1 Vo o o A o W w Yoo yyw o

Fund muez lasumsufaoumd@iiems thiinsnuTaed3de uaz lasumsaeuamszauany
< ' v o v % v o A o v w A
Buhavesomsiraiinediuuen fuvvaeunuuuuauidandimsldmladnenmsidasnmluGesany
AZAINAVIY ANVTUAVOIUVWAZANTTANNMITN uuvaeunlsziiiumsndrlunmsndonlva way uuy
Uszimiumstlasunasonms Tagsw

v ad ' Yo Y o ' P

Fuinda My IdsumsaeuauszduanuiIvlnvessrmsthaimisdiuuen tuuaouny

o o A o v w A o ' A

anufAandamsIFmidinemsihdadnu luGesnnuazande ANUTUAIYeUT AL ANTTONINMTN
spvaeunwlsziiumsnd lumsiadeu lva nuudevnwanuidanasmslfmidinemstiesnn TuGesnnu

A2AINAINY ANUTUAIVATMEAZANTIONMIN tazuuulsziiumsaoulasenms Tassan malnsdmni

|
|

sUammaasmsaaml@nethinsnmmuminuazaiudng

Ay Aa

4 4 a X 4 g av 4 { . w A a 2
ANULAYINDIVIINAVULINDLIVITIUNIGTIVY qmnuuummzﬁumaummummmi‘lumiNizuzau 10 LUA9

Yaw o

uazvgain hildmsdederiesszozen swdadavemmsanulunguilszns iidymilmdimednienua lidl
o v A Y 4 awv , o Yoo Y Yo o v d o w a v &

minfamaou lvamemovaizidnswandse ednlsiam §selddawsouuduby dmsulseamusnundwiile

- a A y A ) < - a & P Y 1A a

fiomiiaoimstha 1ilesdn1d iefesfuuazasamnuguusaveseimsiduihaiionsziaiuld vazdniniianuia
aa 3 Y v o $d v a A 9 3o o ¥ v o Yo o

UndiatunnmsitnimmsWeluasadll 1wy femsihe esdiedaguuse 433 WManungaiuinaziide vz

v v
aosdunnems  Wmssnw  uazSvAareumlsnelumsamniavua  sunhomsAndamiveznieliuas o

volimugamsithiulnsamsiedaely

- a a ya v A o " a v a o v av v Y yau
winiiemsaadnd Janliawmeme niefimansenuredalovesnuifatuszniamsids muszdaidy
Tagi$iviga mzmnmuiidedeslefievaeuaniifedveaiumside wiemndamanaiuiduthe wiemnita
1 ¢ Ay w1 ' a 1 yya ¢ dy o Ao v ¢
mgmsaihifalsvasnenmsifeiumu muannsofiadeldn ewsdnasdy Tysiveudus wmnoavinsdnn

086-326-8162 ldmaen 24 ¥l

Participant Information Sheet version 11/03/2020 3

350




MU-CIRB AUZNITUMIIBFITUMIIdeTuAvEIUNEAN MK INMdENTna udlv o i 02/08/2016

a v

enas ¥t 135y dmSuditrnideiitieny 18 Tu3ysaiduly (Participant Information Sheet) 111 4 vo3 4 Wi

a 1 s av 1 Vo Y = s s a
winifamamsel hifadszaednnms3de ez 1asumssnni guémsunndmagaundin
uminndouiiaa i 999 a.usus BT A.Ma1 B NENANE 9. uATUTN 73170 Wie TsanenNadEs1y 1avi 2
v @ - o o A o v a
auuTInda NIy waunemios nFuMWA 10700 tazsEINIETY Sysivouius sxiiudiuRaven

mlFnelumsud lung hialszaed annsodadenuioayInsing 086-326-8162 ldnaoa 24 ¥2Tus

aw A1 vlywue ﬂ° a 141 g a0 Y @ a
MIVVYUNUIY LATUANAU NILDUIUIUNY 300 VN uaz"lnuﬂﬂ%mﬂﬂ A NMMUITADITUNAY O

@

ay A a Jy ¢ 44 v o av & ga Y q 9 R R
winlideyariiu@uiaduse Temivas Inuiiferdoatiums el Fideszudalinslassrass lidat

v Y ' 4 o mlali-j e aw 1o ' i‘_l
Yoyadaudweshuszgniiuinn Biduszezna s Induadeduanidse lidawedemssuziiusoyana
] aw v ' o sy y 4 o 4 o
udszTgaumamsnoiiudeyadiusw  uazwimaeenaslavay IWadeyanas 1iaseamharmenansiteritate
enms Yeyavewrinuiusioyanaetaf nuzyanaunngudnnesisaenld wu inuite anunsessdnsves

v

ghimihmasney AuznIsuMIEossINd udu

1 oaa £ o av 4 dy v 'y Y. q.9 ' v 'Y
ﬂ1uﬂﬁﬂﬁﬂﬂuﬂ’lﬂﬂﬂmﬂjﬂﬂmi’ﬂﬁ’mﬂmﬂiﬂﬂblﬂ Tﬂu"luﬂaumlwmmmmmuazms"lmﬂnﬂumi

av A o av & T ' a v & Vo, '
']ﬂﬂﬂiﬂﬂﬂuﬂ')ﬂﬂﬂ@'\ﬂiﬂiifﬂi'}“ﬂuszlﬂllﬂﬁﬂiﬁ'/'ﬂﬂﬂ'ﬂﬂ'ﬁ‘uﬁfﬂilmxfniiﬂﬂ'l'ﬂ aum‘i&):'lﬂimmﬂi:mﬂﬂ

¥
av A

Tnsams il IRsumsinsaniuseann auznssumssosssumsveluaudiunan uminndoniiaa
Fafldninamegh dninnueimsufuminedouiiaa auuRNsIUNG 818 4 MUAANAILYT SUNDUNTY UNA
Fandaunsilgu 73170 vanorav Insfinn 02-849-6224 6225 Tnsens 02-849-6224 winvu Id5umsUfvaluasa

a vy a 1w A g v a v dY Y
awiszyl muawnsodedenuilszsuauznssumsa wiedunu TdmuaamiuaznuneayInsinsidedu
g
i ldovazidealuenasiinsudmuad

4 v a
ONBO...ccreneennrecannseeseasssammmmnnsnsnsssnsssanssansananaranesss YU IWIVY

)
z(
=
A
O

Participant Information Sheet version 11/03/2020 4

351




Appendix 15. Informed Consent Sheet of Thai ITBS Study
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Appendix 16. Numerical Pain Rating Scale (Thai Version)
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Appendix 17. Thai version of KOOS

wuul9211T 8121 Knee and Osteoarthritis Outcome Score (KOOS)
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Appendix 18. Thai version of Tampa Scale for Kinesiophobia
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Appendix 19. Thai Version of Global Rating Of Change Scale
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From: Jaeschke R, Singer J, Guyatt GH. Measurement of health status. Ascertaining the
minimal clinically important difference. Control Clin Trials 1989: 407-15.
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Appendix 20. The comparisons of the running speed between the Thai healthy and Thai

ITBS participants under the NT condition

Running_speed

Std.

Descriptives

95% Confidence Interval for
Mean

N Mean Deviation Std. Error  Lower Bound  Upper Bound  Minimum  Maximum
Healthy 20 2.9099 42383 .09477 2.7115 3.1082 2.47 4.20
ITBS_KTT 20  2.6987 .30055 .06720 2.5580 2.8393 2.04 3.35
ITBS_KTNT 20 2.8149 41786 .09344 2.6193 3.0104 2.00 3.61
Total 60 2.8078 38827 .05013 2.7075 2.9081 2.00 4.20
ANOVA

Running_speed

Sum of

Squares df Mean Square F Sig.
Between Groups 448 Fa 224 1.510 230
Within Groups 8.447 57 148
Tatal 8.894 59

Multiple Comparisons
Dependent Variable: Running_speed

LsD
Diff:::'i?lge - 95% Confidence Interval
() Group () Group 1 Std. Error Sig. Lower Bound Upper Bound
Healthy ITBS_KTT 21121 A2173 088 -.0326 4550
ITES KTMNT 09502 2173 A38 -.1487 3388
ITBS KTT Healthy -.21121 A2173 088 -.4550 0326
ITBS_KTNT -.11619 A2173 344 -.3600 A276
ITBS_KTNT  Healthy -.09502 A2173 438 -.3388 1487
ITBS_KTT 11619 A2173 344 =.1276 3600
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