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Abstract 

The aim of this study is to investigate foot posture pre- and post-tape application using 

static assessments and pressure plate analysis. Fifteen healthy participants [male n= 9, 

female n= 6, 28.50 ± 11.00 years, 1.71 ± 0.10 m, 80.50 ± 18.00 kg] were conveniently 

sampled to take part in this study. Participants were assessed statically in a seated, 

bipedal and unipedal stance through pressure plate analysis and measurements of the 

navicular drop, medial longitudinal arch angle (MLA) and tibiocalcaneal angle (TCA). 

Measurements were taken pre- and post-tape applications which included no tape 

application, Sham, Zinc Oxide (Z/O), Elastic Adhesive Bandage (EAB) and two K-tape 

applications. There was a statistically significant difference between MLA and tape 

application [F (5,10) = 282.90, p=<.001, ηp
2 = 0.122]. Significant increase in MLA was 

found between the following results; Zinc Oxide vs. K-tape 1 [p=<0.001], Zinc Oxide vs. 

K-tape 2 [p=<.001] and Sham vs K-tape 2 [p=0.022]. Whilst significant decrease in MLA 

was found between the following results; EAB vs. Zinc Oxide [p=<.001] and EAB vs Sham 

[p=0.025]. There were no statistically significant results found between MLA and change 

in body position [F (2,10) = 90.65, p=0.101, ηp
2 = 0.016]. Additionally, there was a 

statistically significant difference between TCA and position [H (2) = 37.21, p=<.001] as 

well as TCA and tape application [H (5) = 27.79, p=<.001]. Significant decrease in TCA 

was found between the following results; Bipedal vs. Unipedal [p=<.045], ε2 = -0.337], 

Bipedal vs. Seated [p=<.001], EAB vs. No Tape [p=<.035], EAB vs. Sham [p=<.001] and 

EAB vs. Zinc Oxide [p=<.001]. There was a significant increase in TCA in the following 

conditions; Sham vs. K-tape 1 [p=<.026] and Zinc Oxide vs. K-tape 1 [p=0.032]. 

Furthermore, there was a statistically significant difference between total contact area and 
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position [H (2) = 207.269, p=<.001]. Significant decrease in total contact area were found 

in the following conditions; Seated vs. Unipedal [p=<.001] and Bipedal vs. Unipedal 

[p=<.001]. Significant increase in total contact area was observed when comparing 

Bipedal vs. Seated [p=<.001]. In conclusion, the MLA results suggests that clinicians 

could justify the use Zinc Oxide tape application over other taping conditions due to the 

results showing that application typically increased the angle, indicating a better postural 

support being given which could assist individuals with a pronated foot posture. In 

contrast, EAB and K-tape applications were seen to reduce the angle of the MLA which 

justifies a clinician in using these tape applications for an individual with supinated foot 

posture over other applications, in order to reduce the MLA. Furthermore, the TCA seen 

across all conditions provided values which indicated a hindfoot valgus/pronated position, 

it could be suggested that EAB tape application reduces the TCA result and therefore 

brings the hindfoot angle more towards a neutral position. Additionally, results have also 

shown how the change in body position influence total contact area of the foot. These 

results provide clinicians with a greater understanding as to how the foot posture changes 

under different loading conditions based on body position which hasn’t previously been 

reported in literature. 
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Glossary 

Definitions 

Anterior: situated before or at the front of; fore (opposed to posterior). 

Bipedal: two footed. 

Distal: situated away from the point of origin or attachment, as of a limb or bone.  

Lateral: relating to the side of the body or body part which is further from the middle or 

centre of the body. Typically relating to the outer side of a body part. 

Medial: relating to the middle, in or towards the middle, nearer the middle of the body. 

Musculoskeletal: concerning, involving or made up of both muscles and bones. 

Neutral: a position of a joint where the bones which make up the joint are placed in the 

optimal position for movement. 

Posterior: situated at the back of or nearer the back.  

Pronate: to turn or rotate so that the inner edge of the foot bears the body’s weight. 

Proximal: situated nearer to the centre of the body or point of attachment. 

Supination: to turn or rotate so that the outer edge of the foot bears the body’s weight. 

Unipedal: one or single foot. 

Valgus: characterised by abnormal outward turning.  

Varus: characterised by abnormal inward turning. 

 

Abbreviations 

EAB: Elastic Adhesive Bandage 

K-tape: Kinesiology Tape 

MLA: Medial Longitudinal Arch 

SD: Standard Deviation 

SE: Standard Error 

TCA: Tibiocalcaneal Angle 

Z/O: Zinc Oxide 
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Chapter 1: Introduction 

In order to produce movement of a limb, a sophisticated process takes place in which 

individual nerves conduct and transport various electrical impulses to and from the 

brain and muscles (Dondelinger, 2010). From these impulses, it generates a twitch-

like response within the muscle fibres. When multiple impulses are sent to the muscle 

fibres and cause these twitch-like responses, it can then produce a synchronised 

contraction of the muscle and allow for movement of a limb (Richards, Thewlis and 

Selfe, 2008). A muscle can contract through the use of different contraction types; 

Isometric, Eccentric and Concentric. Harman (2008) explained these contraction types 

as when the length of a muscle doesn’t change whilst contracting against a resistance 

this is known as an isometric contraction, this means that the resistive and contractile 

forces are equal. Additionally, when the length of a muscle shortens whilst contracting, 

this is known as a concentric contraction in which the contractile force is somewhat 

greater than that of the resistive force. In contrast to this, when a muscle elongates 

whilst contracting then this is known as an eccentric contraction which occurs when 

the resistive force is greater than that of the contractile force.  

Anatomically, the foot is made up of a series of various small bones which in turn 

produce a segmented structure consisting of multiple joints (Ridola and Palma, 2001). 

Within the foot there are two longitudinal arches; the medial and lateral which are 

formed between the tarsal bone and the proximal end of the metatarsals. The medial 

arch is the higher one of the two arches and is formed by the calcaneous, talus, 

navicular, three cuniforms and the first three metatarsal bones. This bony structure is 

then supported by various muscles such as; Tibialis Anterior and Posterior, Fibularis 

Longus, Flexor Digitorum Longus, Flexor Hallucis and the intrinsic foot muscles. In 

addition to the muscular support, ligaments such as the long plantar, short plantar,  
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calcaneonavicular and deltoid ligament of the ankle are also used to assist in 

supporting the medial longitudinal arch. In order to assess foot postures, different 

static and dynamic assessments can be employed with the medial longitudinal arch 

being the most important reference point when determining foot postures (Yalcin et 

al., 2010). Foot posture and abnormal foot function have been widely suggested as 

plausible pathological risk factors as to why many individuals can be predisposed to 

injuries within the lower kinetic chain of the human body (Queen et al., 2007; Miller 

and Kaeding, 2015). Further lower limb injury risk factors have also been identified as 

genetics, age, bony anatomy and altered lower extremity mechanics (Queen et al. 

2007).  

Foot postures are separated into three different classifications (pronated or low 

arched, neutral and supinated or high arched) in order to effectively describe how they 

visually appear to a clinician and the associated injury risks which those particular foot 

postures typically suffer from (Greenberg, Greenberg & Brown-Budde, 2015). 

Research has indicated that individuals with excessively pronated foot postures are 

more susceptible to injury in the sense that there is an excessive amount of torsional 

forces placed upon the tibia and additional strain on the surrounding musculature. This 

amplified strain placed upon the lower limb is due to an increase in eccentric 

contractions required to control excessive motion. In contrast, when there is a 

diminished capability to not only absorb, but also dampen ground reaction forces 

adequately, individuals who possess supinated foot postures are also predisposed to 

injury due to the disproportionate stresses placed upon the bony architecture 

(Greenberg et al., 2015). Additionally, it has been suggested that a pronated foot 

posture can overstretch the plantar fascia and may lead to the development of a painful 

condition known as Plantar Fasciitis (Singh, Kumar and Sharma, 2017).  
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Typically, clinicians believe that tape application can be effective in assisting with the 

treatment of conditions such as Plantar Fasciitis by preventing or limiting foot pronation 

(Radford et al. 2006). Despite this belief, there is currently limited scientific evidence 

to support this belief. Therefore, research into this area is required to ensure that 

practitioners can provide the clients with the best possible treatment, currently 

supported by scientific evidence. To assess foot postures and function, clinicians use 

a wide range of different static and dynamic assessments to examine various 

musculoskeletal structures. Results gained from these can then indicate abnormalities 

or areas which require treatment to minimise the risk of future injury. Anatomical areas 

which clinicians typically assess surrounding the foot include; the medial longitudinal 

arch, navicular drop and the tibiocalcaneal angle. In order to treat injury, clinicians tend 

to apply various types of tape which are widely used by individuals in an attempt to 

achieve a specific goal whether that is to restrict the range of motion, reduce oedema, 

support the injured anatomical structure and protect the damaged structure from re-

injury or further injury whilst undergoing the phases of healing (Birrer and Poole, 2004). 

The aims of this study are to investigate whether tape applications (Sham, EAB, Zinc 

Oxide and K-Tape) influence the Medial Longitudinal Arch Angle, Tibiocalcaneal 

Angle, Navicular Drop and total contact area of the foot in a healthy, adult population 

with no lower limb pathologies when compared to no tape being applied, in various 

positions (seated, bipedal and unipedal stances).  
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Chapter 2: Literature Review 

[Keywords] Age, Gender, Body Mass, Ethnicity, Foot Posture, Pressure Plate, 

Kinematics, Medial Longitudinal Arch or MLA, Tibiocalcaneal Angle or TCA, Navicular 

Drop or ND, Injury, Motion Analysis, Body Positions, Limb Dominance, Athletic Taping, 

Injury Taping, K-Tape or Kinesiology Taping, Elastic Adhesive Bandage or EAB, Zinc 

Oxide.  

[Searched Databases] University of Bedfordshire - Discover, Google Scholar, 

PubMed, Medline, PEDro and Research Gate. 

[Inclusion Criteria] Full text, PDF, Academic Journal, Books and 1980 – Current 

[Exclusion Criteria] Older than 1980 

2.1  Foot Postures 

Foot posture and function vary greatly between individuals depending on a number of 

factors including age, gender and race, with the majority of research found focusing 

on the Medial Longitudinal Arch (MLA) (Razeghi and Batt, 2002). The assessment of 

the MLA is used as a way to describe the arch height of the foot. This can be either 

high arched/supinated (pes cavus), neutral or low arched/pronated (pes planus) and 

therefore describes the foot posture (Bade et al., 2016).  

2.1.1 Influence of Age and Gender on Foot Posture 

Research has indicated that foot posture can change depending on a person’s age, 

particularly as they develop from a child into a young adult. Pfeiffer, Kotz, Ledl, Hauser 

and Sluga (2006) used a laser surface scanner to measure the rearfoot angle which 

was defined as “the angle of the upper Achilles tendon and distal extension of the 

rearfoot”. investigated the prevalence of a pronated foot posture in children aged three 

to six years as well as investigating other factors surrounding body mass and gender. 

The researchers used a sample of 835 children (411 females and 424 males) and 
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found that the prevalence of a pronated foot posture significantly decreases with age: 

54 % of three-year-old children had a pronated foot posture, whereas only 24 % of six-

year-old children had this posture. Additionally, the researchers found that the males 

had significantly greater tendency to have the pronated foot posture of 52 % than when 

compared to the result of the females (36 %). The researchers also noticed that in the 

13 % of the sample who were overweight/obese they too had a greater prevalence of 

a pronated foot posture when compared to those children who were not. The 

researchers did not include any other statistical analysis or significance values when 

reporting the percentage of changes in the various conditions. This means that the 

results cannot be compared to other results and the true extent of the significance 

cannot be explored.  

A similar study by Chen et al., (2013) investigated the change of the pronated foot 

posture seen in children aged from three to six years with a one year follow up, using 

a sample size of 580 participants (297 males and 283 females). The researchers 

collected footprint images using a harrisbath mat in which the participants stood on it 

in a 100 % weight-baring stance. Images were then put into a computer programme 

and analysed looking at the Chippaux-Smirak Index (CSI). The researchers found that 

within the group after one year, 37.6 % of children who at the start of the study had a 

pronated foot posture, had improved to a more neutral foot posture (p=<0.001). 

However, the researchers also found that 9.9 % of children who originally had a neutral 

foot posture, after one year had begun to display signs of a pronated foot posture 

(p=<0.001). However, this study only investigated children from Taiwan and so it 

couldn’t be generalised to other countries. Additionally, this study used a very different 

method of analysing footprints and this couldn’t then be compared to results found 

with other forms of analysis. Furthermore, the results found are even harder to 
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compare with other research due to only ‘p’ values being reported and no effect size 

given.  

Despite the difference in methodology and statistical analysis, the overall results found 

by Pfeiffer et al. and Chen et al. are also supported by more recent research conducted 

by Hawke, Rome and Evans (2016). Despite using a smaller sample size, 30 children 

(20 females, 10 males and a different age range of seven - fifteen years, the 

researchers also investigated the relationship between foot postures, age and body 

mass. The researchers found that whilst foot posture across the age range 

investigated varied, there was less variability in foot posture in the age range of ten to 

fifteen years when compared to that of seven to ten years. These results were found 

when looking at body mass index (BMI), left Foot Posture Index (FPI), a Beighton 

Scale score, Lower Limb Assessment Scale Score and left ankle lunge angle. 

Additionally, the researchers suggested that children who were overweight, younger 

than ten years old and male were more than likely to have a pronated foot posture. 

However, due to the limited number of males who participated in this study, this 

proposal couldn’t be confirmed or denied, and so further research would be required. 

Unlike the research reported by Pfeiffer et al., the researchers found that there was no 

significant difference seen between foot posture and gender, however this finding may 

have been due to the relatively small sample size used which could have 

underpowered the analysis and impacted the results. Consideration surrounding BMI 

should be given as it doesn’t consider how lean a person may be and so someone 

with a higher muscle content could be classed as over-weight.   

Similarly, other research conducted by Scott, Menz and Newcombe (2007) also found 

changes in foot posture throughout aging but unlike other research, participants were 

all adults with two categories; 50 young participants (26 females, 24 males, mean age 
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20.90 ± 2.60 years) and 50 older participants (26 females, 24 males, mean age 80.20 

± 5.70 years). All participants were free from clinical pathologies and pain. Foot 

posture was assessed using the right foot only due to patterns seen being highly 

symmetrical; the foot posture index (FPI), arch index and navicular height. In order to 

measure the FPI six criteria was rated which involved the palpation o the talar head, 

observation of the supra/infra malleolar curvature, similarity of the medial arch and 

abduction and adduction of the fore- and rear- foot. Each score given for these criteria 

was rated between -2 to +2 and the summed score provided a single index relating to 

the degree of foot pronation/supination with the higher the score meaning the greater 

the level of pronation. To measure the arch index the participant was stood in a relaxed 

position on a piece of carbon-paper imprint material. This image was then input onto 

a computer and the arch index calculated as the middle third of the entire footprint. 

Toes were not included in the analysis. Finally, Navicular height was measured in 

millimetres whilst the participant was standing and in order to standardise the 

measure, the result was divided by the length of the individual’s foot. Results found by 

Scott et al., (2007) showed that older participants exhibited more pronated foot 

postures (p=<0.05) with a greater incidence (60 % of older participants compared to 2 

% of young participants) of hallux valgus (p=0.01), toe deformities (p=0.01) and toe 

flexor weakness (p=0.001, d=2.60). Additionally, the older participants also exhibited 

a reduced range of motion in the metatarsophalangeal joints (p=0.001).   

Unfortunately, this study didn’t report effect sizes and so just how great this difference 

between the two groups is can’t be effectively quantified or compared against other 

research. Additionally, the researchers didn’t report how many times measurements 

were taken, if it was the mean of the raw data or the raw data itself used to analyse. 

This leads to questions surrounding the reliability of the data as there is no mention 
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surrounding the inclusion/excluding of possible anomalous results and how the 

research overcame these issues. Despite this, these findings are also found in other 

research conducted by Staheli, Chew and Corbett (1987) who used very similar 

methods but a sample size covering 882 feet in children and adults. Results found that 

there was a correlation in adults over the age of 30 having more pronated foot 

postures. Additionally, foot posture and function has been investigated specifically 

looking at the risk of falling based on abnormal foot postures seen in older adults. 

Awale et al., (2017) investigated adults with a mean age of 69 years and used a 

Tekscan pressure mat to collect pressure data during quiet standing and walking at a 

self-determined pace. Data collected was analysed using the modified arch index for 

standing and centre of pressure excursion for the dynamic analysis.  Researchers 

reported that those seen with a more supinated foot posture are were at the greatest 

risk (78 % chance, odds ratio 1.78, 95% CI 1.10-2.87) of multiple falls. This study is 

difficult to compare to other research in the area of foot posture because it is very 

specific in predicting risk of falls rather than how foot posture changes. There is 

currently sparse research looking at fall risk in the elderly with foot posture being 

assessed.  

2.1.2 Influence of Body Mass on Foot Posture 

Several researchers have found that with an increase of body mass, it can influence 

foot posture, range of motion and plantar pressure due to the additional strains placed 

upon the musculoskeletal system. Butterworth et al., (2015) conducted a study using 

68 participants, both males and females (mean age 52.60 ± 8.00 years) whose Body 

Mass Index (BMI) ranged from underweight to morbidly obese. The researchers 

measured Foot posture index, Arch index and dynamic plantar pressure. However, the 

methods used to measure all of these were not clearly set out or described. 
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Butterworth et al., (2015) reported that when comparing participants who were 

identified as obese to those who were not, they found that the obese participants had 

a higher foot print index (p=<.001, d=0.74, 95% CI 0.25-1.24) and arch index result 

(p=<0.01, d=0.75, 95% CI 0.25-1.24) as well as a reduction in ankle inversion-eversion 

range of motion. Additionally, Butterworth et al., (2015) found that the obese 

participants had a larger contact area which was presented across the whole foot print 

(p=<0.01, d=0.1, 95% CI 0.41-1.41), particularly in the midfoot region (p=<0.01, 

d=1.08, 95% CI 0.56-1.59). The researchers also reported that there was a higher 

maximum force (p=0.01, d=1.57, 95% CI 1.03-2.12) and peak pressure under all areas 

apart from the toes (p=<0.01, d=1.65, 95% CI 1.10-2.20) in the obese participants. 

This finding supported previous research conducted by Hills, Hennig, McDonalds and 

Bar-Or (2001) which investigated the plantar pressure differences in obese and non-

obese adults. Similarly, they used both males and females (mean age 41.20 ± 11.70 

years) and collected data using the right foot only during barefoot standing as well as 

walking across a pressure platform. Results reported a higher mean pressure values 

under all anatomical landmarks assessed with the most significant (p=<0.01) 

increases being found under the heel, mid-foot and the metatarsal heads during both 

seated and standing conditions. Unfortunately, this study cannot be completely 

compared to that conducted by Butterworth as only the ‘p’ values were reported and 

therefore results are more general, rather than being explicitly stated to what extent 

these values were significant and what effect size this was. Additionally, in both 

studies, body mass reported wasn’t converted into newtons in order for a pressure 

plate to be calibrated in relation to the individual’s mass. Therefore, this could have 

skewed the results or produced inaccuracies within the data analysis.  
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Additionally, an increase in the mass of an individual may not be solely due to obesity. 

In women for example, pregnancy typically increases their body weight by 20 percent 

(Vico Pardo, López del Amo, Pardo Rios, Gijon-Nogueron and Yuste, 2018).  Vico 

Pardo et al. (2018) conducted a longitudinal cohort study of pregnant women using 

foot posture index (FPI) was manually assessed by a podiatrist for all 6 of the items 

on the FPI. A high intra-rater reliability score was determined for the research 

(Intraclass Correlation Coefficient [ICC} = 0.91-0.98). These manual assessments 

were used to examine foot posture changes throughout all three trimesters.  The 

researchers reported that when comparing the foot print index results from the first 

trimester to the third trimester there was a noticeable increase of foot pronation in both 

feet with the left foot having a significantly (p=<0.01) greater increase when compared 

to the right. Vico Pardo et al. (2018) went on to explain the reasoning behind this as it 

could be due to a slight lateral displacement of the centre of gravity towards the right 

side of the body, in parallel to the displacement of the uterus inside the body as the 

pregnancy progresses.  

Additionally, research conducted by Segal et al., (2013) investigated the arch height 

and rigidity index during the first trimester and 19 weeks post-partum using an arch 

height measurement system which is based on bony landmarks. This measurement 

provided high intra and inter-rater reliability scores (ICC: 0.96-0.99). Furthermore, the 

researchers investigated Centre of Pressure Excursion Index (CPEI) using a pressure 

platform, data was analysed using pre-programmed software. They noted that whilst 

arch height decreased throughout pregnancy, foot posture changes remained post-

partum. The researchers reported that pregnancy appears to be linked to a permanent 

reduction in arch height (p=<0.0001) with the changes being most evident from the 

first pregnancy suggesting that the foot posture doesn’t correct itself post-partum. 
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Segal et al., (2013) stated that this could be due to the atypical stresses placed on the 

musculoskeletal system, seen through the combination of increased weight placed 

upon the joints and the greater laxity of soft tissue throughout the pregnancy which 

may require future rehabilitation. 

2.1.3 Influence of Ethnicity on Foot Posture 

There is a widely accepted belief that foot posture varies amongst ethnicities whilst 

there is very limited evidence supporting this belief, research has indicated that certain 

ethnicities portray differing foot postures, structures and function when compared 

against individuals from other ethnicities. One study conducted by Golightly, Hannan, 

Dufour and Jordan (2012) investigated racial differences of foot structure between 

African American and Caucasian individuals over the age of 50 years using a sample 

size of 1,691 participants, both males and females. The researchers found that African 

Americans were nearly three times more than likely to have a pronated foot posture 

and five times less likely to have a supinated foot posture when compared to 

Caucasians (p=<0.01). However, as this study was only conducted on those aged over 

50 years, it couldn’t be generalised to younger populations. Additionally, it isn’t clear 

as to whether the results are solely due to the ethnicity of the participants or whether 

there were any extrinsic factors which may have been involved such as inappropriate 

footwear being worn throughout childhood, genetics or occupational influences etc. 

Additionally, this research reported that a trained clinical examiner classified all 

structural deformities however no reliability testing or further methodology was 

provided therefore results may have been influenced by the examiner conducting the 

measurements.  

Another piece of research conducted by Putti, Arnold and Abboud (2009) investigated 

differences of in-shoe foot pressures between Caucasians and Indians. The 
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researchers used a sample size of 12 Caucasians and 21 Indians and recorded an 8-

step walk, 8 times at a frequency set at 50Hz with the in-sole pressure system inside 

the shoe. Researchers reported that Caucasians had a significantly higher peak 

pressure under the calcaneus (p=<0.001), 1st metatarsal head (p=0.01), 2nd metatarsal 

head (p=0.03), 3rd metatarsal head (p=0.004) and 5th metatarsal head (p=0.004) when 

compared to Indians. This research suggested that the way that Caucasians distribute 

pressure throughout the foot is different to how Indians do; this could be due to types 

of footwear used in day-to-day life and other factors unrelated to ethnicity, but this isn’t 

identified within the research. Additionally, a question over the power of the sample 

size could be raised since there was more Indians than there was Caucasians, and in 

both groups, the sample size was relatively low. However as there is no effect sizes 

being mentioned, no pooled variance data or partial eta2 values it is difficult to report 

whether this sample size was adequate for the study or not.  

2.2  Risk of Injury 

Abnormal foot posture and function have been identified as pathological risk factors 

for both lower limb and back injuries (Miller and Kaeding, 2015) developed a table 

identifying foot postures and how they can impact the lower body kinetic chain (see 

table 1). 

Table 1: The Effect of Foot Posture on the Lower Kinetic Chain (Adapted from Miller 
and Kaeding, 2015) 

 Pronation Supination 

Metatarsal Joint Inversion Eversion 

Abduction Adduction 

Dorsiflexion Plantarflexion 

Subtalar Joint Calcaneal Eversion Calcaneal Inversion 

Talus Plantarflexion Talus Dorsiflexion 
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Talus Adduction Talus Abduction 

Ankle Internal Rotation External Rotation 

Dorsiflexion Plantarflexion 

Knee Internal Rotation External Rotation 

Abduction Abduction 

Flexion Extension 

Hip Internal Rotation External Rotation 

Adduction Abduction 

Flexion Extension 

Lumbopelvic Anterior Femoral Rotation Anterior Femoral Rotation 

Contralateral Pelvic Drop Contralateral Side Bending 

Ipsilateral (same) Side 

Bending 

Contralateral Pelvic Drop 

 

In regard to specific injuries relating to foot postures, there has been a theoretical link 

suggesting that there is a link between a pronated foot posture and medial tibial stress 

syndrome (MTSS) (Sharma, Golby, Greeves and Spears, 2011) and patellofemoral 

pain (Powers, Bolgla, Callaghan, Collins and Sheehan, 2011). Neal et al., (2014) A 

systematic review and meta-analysis were conducted by Neal et al., (2014) who used 

twenty-one studies to investigate foot posture as a risk factor for overuse injury, 

focusing on MTSS, Patellofemoral pain, foot/ankle injury and lower limb overuse injury.  

The study had four static measures of foot posture; navicular drop, foot posture index, 

calcaneal eversion and longitudinal arch angle. The researchers reported that it 

appears that navicular drop and footprint index static assessments can predict lower 

limb overuse injury as there was a relationship found between those assessments and 
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the risk of developing medial tibial stress syndrome and patellofemoral pain. However, 

the researchers reported that whilst there was evidence indicating that pronated foot 

posture increases the risk of patellofemoral pain development and medial tibial stress 

syndrome (MTSS), there was only a small effect size (0.28-0.33) which suggests that 

pronated foot posture could be a minor component surrounding the injury risk profile 

for the stated conditions. Despite this, these findings support that of previously 

conducted research by Tong and Kong (2013) who used systematic review and meta-

analysis, investigating foot type and lower extremity injuries in twenty-nine studies. 

The researchers concluded that whilst there is an association between injuries and 

both supinated and pronated foot postures, the strength of the relationship found 

between these is very low.  

More recently, it has been suggested that individuals with pronated foot postures are 

more susceptible to injury. This is believed to be caused by an excessive amount of 

torsional forces placed upon the tibia and due to an increase in eccentric contractions 

required to control excessive motion, this places additional strain on surrounding 

musculature (Greenberg, Greenberg and Brown-Budde, 2015). Furthermore, when 

there is a decreased ability to absorb and dampen ground reaction forces adequately, 

individuals that have supinated foot postures are also predisposed to injury due to the 

excessive stresses placed upon the bony structures (Greenberg et al., 2015). These 

suggestions support a prospective cohort study conducted by Cain et al., (2007) who 

investigated the effect that foot morphology had on foot and ankle injury. The 

researchers used a sample of adolescent males who were indoor Futsal players and 

took measurements of the foot posture index. Following this, all participants were then 

contacted once monthly to obtain data of injuries sustained during the eight-month 

Futsal season. Results indicated that overall 32 percent of the seventy-six Futsal 
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players sustained at least one ankle/foot injury during the season with overuse being 

the main cause of eleven injuries. Cain et al., (2015) stated that the participants who 

had supinated or under-pronated foot postures had a significant (p=0.008) increase in 

the risk of overuse injuries. However, this study couldn’t be generalised to the wider 

public due to the limited sample population. 

2.2.1 Plantar Fasciitis  

Plantar Fasciitis is a common condition in which the plantar aponeurosis (fascia) 

becomes inflamed and the general believe is that excessive pronation of the foot is 

one of the primary causes in this condition (Jamali, Walker, Hoke and Echternach, 

2004). The plantar fascia lays superficially over all the muscles in the plantar surface 

of the foot and spans the length and width of the foot and is described as a support 

mechanism in maintaining the integrity of the medial longitudinal arch (Cooper, 

1997). Bartold (2003) explained that within the non-athletic populations, it is 

frequently seen those who are overweight, those who wear high heeled shoes, as 

well as those in occupations which require persons to be in a weight baring stance 

for prolonged periods of time, e.g. Nurses, factory workers etc. Within an athletic 

population, 10 % of Plantar Fasciitis diagnoses are seen in long distance runners.  

Jamali et al., (2004) conducted a study which investigated a type of taping and the 

effects this had on Plantar Fasciitis. In a sample of 14 females and 6 males, 

participants were navicular tuberosity was marked using a pen as well as having two 

dots drawn in order to bisect posteriorly the calcaneus. A further two dots were then 

drawn to bisect the distal third of the lower leg. Participants had the calcaneal 

position measured using an inclinometer, in order to establish tibial varus. The 

navicular height was also measured when the participant was standing, using a mark 

placed onto a card to highlight the navicular tuberosity and measured from the 
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bottom of the card to that point. Each measurement had three trials recorded. 

Participants then had a ‘windlass’ tape application applied using 2.5 cm tape. 

Adhesive spray was also used.  

 

Figure 1: Image to show the windlass tape application used by Jamali et al., (2004). 

Results from this study indicated a significant reduction in reported pain (p=0.001), 

additionally there was a change seen in resting foot posture (p=0.01) when tape was 

applied compared to when tape wasn’t. However, the type of tape used wasn’t stated 

throughout the research and so it is unknown if this was Zinc Oxide or EAB which 
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was used therefore making it difficult to compare results. Additionally, only ‘p’ values 

were reported and so the size of the effects seen are also unknown.  

As part of a treatment plan for Plantar Fasciitis, Bartold (2003) recommended a tape 

application, stating that the aims of taping are to; reinforce the fascia statically and 

dynamically, provide compression over the painful area and to reduce movement 

seen through the midfoot. The recommended tape application suggested was using 

5cm Zinc Oxide tape and suggested that the tape remain on for 3-4 days. 

Unfortunately, this journal article didn’t have any scientific figures to go with the 

claims made.  

 

Figure 2: Images to show the taping procedure as used by Bartold (2003). 

Step One Step Two 

Step Three Step Four 
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2.3 Limb Dominance 

The definition of lower limb dominance/preference is controversial and can vary 

drastically depending on the leg chosen when fulfilling particular tasks; whether that 

be used for kicking, strength, preventing a fall, jumping, perception or the leading leg 

when completing a step-up task (McGrath et al., 2016). When conducting movement, 

in most cases, there is a requirement for one limb to manipulate an object or be the 

initial leading limb, whilst the opposite limb provides stabilisation and support in order 

to complete the specific task. Within this bilateral context, Gabbard and Hart (1996) 

suggested that the dominant limb is the limb which produces mobilisation whilst the 

non-dominant limb is that providing the stabilisation. This belief is due to most bilateral 

tasks, requiring a far greater neurological demand in order to mobilise a limb. In 

addition to this, Velotta et al., (2011) found that limb dominance is a direct result of 

what type of activity a participant is to perform. Their research outlined that a 

participant is more likely to use the right leg when a task requires mobilisation as when 

it came to stabilisation, over 50 percent of participants utilised the left leg.  

The difficulty arises in determining limb dominance when it comes to unilateral 

stabilizing tasks. In more recent research, it has been found that a large proportion of 

participants whose leg was used as a mobiliser and subsequently identified as the 

dominant limb in bilateral tasks, actually became the stabilising leg when completing 

unilateral tasks (van Melick, Meddeler, Hoogeboom, Nijhuis-van der Sanden and van 

Cingel, 2017), thus challenging the ideology provided by previous researchers in 

identifying the dominant and non-dominant limb. Additionally, a systematic review 

conducted by McGrath et al., (2016) found that there was no statistical effect of limb 

dominance on the results of any functional tests in which they looked at various journal 

articles covering single leg hop for distance, single-leg vertical jump and vertical 
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ground reaction force following a single leg vertical jump, just to name a few. Despite 

the findings, the researchers did report that the majority of participants preferred to 

use their right foot for the majority of the bilateral tasks. Due to this conflicting 

information, all participants in the study shall be tested on the right side when 

undergoing an unipedal assessment.  

2.4  Assessing Foot Posture 

Manual Therapists and Clinicians regularly use static tests and observations to assess 

the foot posture, structure and function to ascertain any potential future injuries that 

may occur or to deal with a present complaint. 

2.4.1 Static Assessment of the Medial Longitudinal Arch 

Common measurements of the MLA/fiess consist of angles being measured in 

degrees (⁰), lines are drawn from the centre of the medial malleolus to the navicular 

tuberosity and then down to the head of the first metatarsal (Langley, Cramp and 

Morrison, 2015). Additionally, MLA normative classifications are; <130⁰ is pronated, 

130-150⁰ is neutral and >150⁰ is supinated.  

Researchers have investigated the reliability and validity of measuring the medial 

longitudinal arch. One study conducted by Saltzman, Nawoczenski and Talbot (1995) 

investigated 100 participants (69 females and 31 males) with foot problems and used 

clinical assessment of the medial longitduinal arch as well as radiographic images. 

Measurements were taken clinically at the lowest palpable medial projection of the 

head of the talus and navicular, as well as the highest point along the soft tissue margin 

of the medial plantar curve. Additionall radiograph images were taken and these were 

measured using calcaneal – 1st metarsal angle, calcaneal inclination, arch height and 

arch length. Results indicated that the intrarater reliability through the use of intraclass 

correlation coefficient (ICC) scores where higher than anticipated with all values being 
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over 0.85, meaning that clinical assessments used in this study were just as good as 

the radiographic images at measuring the MLA. More recently, Williams and McClay 

(2000) conducted a study investigating the reliability and validity of the measurements 

used to characterise foot posture, in particular looking at the medial longitudinal arch. 

The researchers used a sample of 102 feet (a total of 51 participants) with 20 feet 

being used to assess intra- and inter-rater reliability (values were between 0.48 and 

0.995) as well as another 10 feet being used to investigate reliability through the use 

of radiographs. All foot measurements were taken in two different postures, one being 

10 percent body weight transferring through the limb and the other posture with 90 

percent body weight. Results showed that the most reliable and valid method of 

assessing arch height was to divide the dorsum height (from the floor to the anterior 

aspect of the foot) at 50 percent of the foot length using truncated foot length (whole 

foot length excluding the distal phalanx).  

2.4.2 Static Assessment of the Tibiocalcaneal Angle 

Currently within literature the most common method used in analysing the 

Tibiocalcaneal Angle (TCA) is to measure the angle seen where the posterior aspect 

of the tibia meets the midline of the calcaneus (Stockley, Bettsm Rowley, Getty and 

Duckworth, 1990). In relation to TCA, research is very sparse, although there are a 

few studies which use it as a measurement in assessing Rheumatoid Arthritis and 

post-surgery results. Within research, it was also established that the TCA is also 

occasionally referred to as the Achilles angle and hindfoot alignment. Waldecker, 

Hofmann, Drewitz (2011) used TCA as a measurement whilst investigating the 

coincident of hindfoot malalignment and Achilles tendon disorders. The TCA was 

measured using a goniometer when standing hindfoot alignment, however the 

researchers didn’t state what landmarks they used to gain this measurement. The 
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sample used consisted of 697 participants, totalling 1,394 feet which were analysed 

using goniometry and the presence of Achilles tendinopathy was clinically 

recognised and documented. The researchers state that their clinical measurement 

of varus alignment was -14º to 0º and the valgus alignment was 1º to14º which is 

now a widely used expression of normative TCA data. Results indicated that varus 

alignment of the hindfoot (pronated foot posture) could be linked to Achilles 

tendinopathy. Waldecker et al., (2011) reported that Achilles tendinopathy was seen 

in 5.6 percent of the participants and that the average TCA for the insertional 

tendinopathy group was -0.76º whilst the control group had an average TCA of 1.77º. 

However, no other statistical values other than the ‘p’ values were given in which all 

conditions appeared to be significant. This could possibly be due to an error in 

inputting the data or all conditions tests could have genuinely all be significant.  

Haight, Dahm, Smith and Krause (2005) investigated the reliability of measuring 

standing hindfoot alignment using goniometric and visual measurements. Their 

investigation had a sample of 18 participants (ten males and eight females) with an 

age range of 22 to 41 years. Data collection was performed by an orthopaedic 

surgeon and an orthopaedic physical therapist, both investigators had extensive 

experience with goniometric measurements on the lower limbs. Participants were 

randomly assigned to either group A or B, however both groups were measured 

twice for both conditions on both feet by both investigators using methodology used 

by Stockley et al., (1990). Results found that both the visual assessment and the 

goniometric assessment were very similar with mean values being 5.61º to 6.50º 

valgus for the visual assessment and 5.50º to 6.94º valgus for the goniometer. Both 

of these measurements had shown good intra-rater reliability with an ICC range of 

0.80 to 0.94. However, between investigators the inter-rater reliability ICC range was 
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0.50 to 0.75 which meant that this was fair but not great, even though the 

investigators were very experienced. This could mean that the different investigators 

were measuring the angle slightly differently to the other in order to produce different 

results.  

2.4.3 Static Assessment of the Navicular 

Navicular drop is a simple test that is widely used by clinicians in order to assess the 

movement of the navicular when going from a seated to a standing condition. In order 

to measure this the Navicular Tuberosity (NT) is located on the medial aspect of the 

foot and marker used to highlight its position, a mark is then made on a vertically 

positioned piece of card using a washable pen. The participant then stands into a full 

weight-bearing stance and the new position of the NT was then marked again on the 

card. The distance between the two marks was measured with a ruler and recorded in 

millimetres. Results gained from this measurement were then categorised into the 

following three groups (Cote et al., 2005); neutral foot [5-9 mm], supinated foot posture 

[<4 mm] and a pronated foot posture [>10 mm].  

A reliability and validity study have been conducted by McPoil et al., (2008) 

investigating whether the use of a new ‘Sit-to-Stand’ test could yield greater inter-rater 

and intra-rater values than seen in previous research using a navicular drop test to 

assess navicular movement. The sample used by these researchers was 275 

participants (120 males and 155 females) aged 16 to 70 years were used for the study. 

The participants were seated, with no body weight transferring through the foot and 

then they would stand with only 50 percent of the body weight being transferred 

through the foot. Photographs of the medial aspect of the foot were taken of the 

participants in these positions and were repeated for both the left and right foot. 

Following this, the images were used to measure total foot length, which was then 
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divided by 2 to give a 50% value. This value was then indicative of where the dorsal 

arch height would be vertically measured from and to establish the difference in arch 

height. To assess reliability, three researchers; one physical therapist with 12 years’ 

experience of managing foot and ankle problems as well as two physical therapy 

students with no experience in this area were used to measure the images. Each 

researcher measured the images twice, with a one-week interval in between the 

measurements. McPoil et al. (2008) reported that their research had produced good 

inter-rater and intra-rater reliability results using ICC. The researchers reported that 

there was an inter-rater reliability ICC value of 0.73 to 0.98 with a Standard Error of 

the Mean (SEM) range of 0.7mm to 1.6mm as well as an intra-rater reliability ICC value 

of 0.73mm to 0.99mm with SEM range of 0.6mm to 1.9mm. However, there is a 

concern that the images may have been slightly obscured through parallax errors or 

perspective error/lens distortion, despite how the camera was set up.  

2.5  Pressure Analysis 

Pressure analysis systems provide useful insights into current complaints or 

pathologies an individual may have as well as providing an insight into how the foot 

is functioning and its posture, both statically and dynamically. Due to this, over 

recent years the use of pressure analysis systems, such as pressure mats and in-

sole pressure systems have increased in used by clinicians.  

2.5.1 Pressure Mat 

A study investigated various foot disorders (hallux valgus and rigidus, overlapping 

toes, hammer toes, Mortons Neuroma, Bunion, Plantar fasciitis and claw toes), foot 

postures and functions using seated and weight-baring conditions was conducted by 

Hagedorn et al., (2013) who analysed 5536 feet using a pressure mat system. 

Participants walked at a self-selected pace, along a marked path. Data was analysed 
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using a modified arch index (MAI) and the centre of pressure excursion index (CPEI). 

Results indicated that the most common foot posture abnormality was the hallux 

valgus (26.3 %) and hammer toes (16.2 %). Interestingly the researchers found no 

statistical significance when comparing pes cavus foot posture and the associated foot 

disorders.  

2.5.2 In-sole Pressure 

A study conducted by Nyska et al., (1995) investigated the effects of shoes on plantar 

pressures of the foot. The researchers used 11 healthy participants with feet which 

were deemed clinically normal. Data was collected from the participants using 

pressure insoles which was inserted into their shoe (shod), whilst they completed three 

consecutive walks at 4 km/h on a treadmill. In order to compare the data, the 

researchers also had the participants walk barefoot across a pressure platform 

multiple times using a 5 m walkway. The researchers reported that the shod condition 

had a decrease in pressure seen at the lateral forefoot as well as the hallux. 

Additionally, within the shod group, results indicated an increase of pressure in the 

medial forefoot. A good critique of this research is that a metronome was used to 

maintain the same speed seen with the treadmill condition for the barefoot condition. 

This means that differing speeds wouldn’t have impacted the results as that variable 

was controlled. Unfortunately, the researchers only reported significant values a ‘p’ 

values and no further analysis such as effect size was provided. Additionally, despite 

the participants mass being reported in kilograms, this wasn’t converted into newtons 

and so it is unknown if the pressure analysis was calibrated to the participants 

individuals mass related to gravity as this could also influence pressure and force 

results seen. Thus, limiting the comparability this research has with other studies.  
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2.5.3 Footprint Index 

Razeghi and Batt (2002) explained that footprint index shows the ratio of non-contact 

area to the contact areas of a toeless footprint. In regard to this type of analysis the 

researchers report a reliability coefficient of 0.982. 

 
Figure 3: Image to Show Calculation of Footprint Index (Adopted from Razeghi and 

Batt, 2002). 

2.5.4 Modified Arch Index (MAI) 

Galica et al., 2013 explained a method of calculating the arch height known as the 

MAI. To calculate this the foot print must be divided into three equal sections. The area 

of Section B is then divided by the areas of Sections A + B + C 

 
Figure 4: Image to Show Calculation of the MAI (Adopted by Galica et al., 2013). 
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2.5.5 Total Contact Area 

Currently very little research is conducted looking into total contact area. Periyasamy 

and Anand (2013) investigated the effect of the arch of the foot on plantar pressure 

distribution using total contact area whilst standing. They investigated a sample of 32 

healthy volunteers and found that in participants who had a pronated foot posture, 

predominately had a higher BMI than when compared to those with supinated or 

neutral foot postures. Additionally, the researchers reported that those who possessed 

the pronated foot posture could be at a higher risk of mid-foot collapse and other foot 

related pathologies.  

2.6  Motion Capture Kinematics 

In order to conduct an assessment of movement, motion analysis systems can be 

implemented to produce quantitative data regarding kinematics (Richards, Thewlis 

and Selfe, 2008). Kinematic data uses different variables to communicate movement 

and independent forces that produce the movement, these include; linear and angular 

displacements, velocities and accelerations (Winter, 2009). In gathering displacement 

data, anatomical landmarks are used which include; the centre of mass of a body 

segment, centre of rotations of the joint, extremes of the limb segment(s) and/or other 

key anatomical prominences (Winter, 2009). Although advanced pressure plates and 

motion capture systems are available to aid clinicians with biomechanical analysis, 

their use is limited within clinical settings. Typically, this limitation is due to the financial 

implications associated with the initial outlay and maintenance of the equipment, 

meaning that many clinicians conduct biomechanical assessments using more 

conventional methods. 
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2.6.1 2D vs 3D Motion Capture 

Whilst 3D motion capture is typically considered the gold standard within research, 

investigations into the comparability of 2D and 3D. Schurr, Marshall, Resch and Saliba 

(2017) investigated the kinematic measures of the ankle, knee, hip and trunk between 

2D video analysis and 3D motion capture. Results showed that there was moderate 

to strong relationships between the two motion analysis systems (r = 0.51–.093).  

2.6.1.1 Skin Artefacts Errors 

Careful consideration should be given when placing 3D motion capture markers near 

to or on bony landmarks as the movement of these markers relative to the landmarks 

produces an error called Skin Artefacts Error (Tranberg and Kalsson, 1998). 

2.6.1.2 Parallax Error 

When an object moves away from the optical axis of the camera, this is when parallax 

errors can occur. By aligning the optical axis of the camera to the central part of the 

motion this type of error can be reduced. However, the camera has to be zoomed in 

as much as possible to only capture the motion of the object only (Kirtley, 2006).  

 

Figure 5: Diagram to Show Parallax Error (Adapted from Kirtley, 2006). 
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2.6.1.3 Perspective Error 

Kirtley (2006) explained perspective error as being the change in length of an object, 

which occurs when it moves out of the calibrated area. This type of error continues to 

increase as the distance of the out-of-plane increases. In order to minimise this type 

of error, the camera should be positioned as far away from the object it is recording 

as possible. Following this the camera should then be zoomed in, so that it can 

accommodate for a reduction in image size. Finally, cameras should be mounted 

perfectly perpendicular to the calibrated plane.  

 

Figure 6: Perspective Error Diagram (Adapted from Kirtley, 2005).  

2.7 Athletic Taping 

Currently there are a wide range of different tapes available on the market; traditional 

tapes and the more recent being kinesiology or KT Tape, all of which have varying 

reported strengths and weaknesses. Traditional tapes include Zinc Oxide and elastic 

adhesive bandage (EAB) which tends to be more rigid and restrictive in their use, 

differing greatly from kinesiology tape which can be stretched up to 140 percent of its 

original length before being applied directly onto the skin (Halseth et al. 2004).  
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2.6.1 Effects of Traditional Taping 

Research has been conducted exploring what effects various tapes and tape 

applications have on the anatomical structures of the foot and how this can influence 

plantar pressures. It has been suggested by Lange, Chipchase and Evans (2004) that 

by taping the medial longitudinal arch (MLA) it helps provide external support which, 

when weight-bearing, helps maintain the arch height and shape by preventing it from 

collapsing medially. Lange et al., (2004) also suggested that the taping of the MLA 

reduces motion seen at the talonavicular and calcaneocuboid joints thus manipulating 

how the forefoot adapts when being in contact with the ground and reducing the 

amount of plantar pressure in that region. More recently, Newell, Simon and Docherty 

(2015) supported this suggestion as they reported that when using Zinc Oxide in a 

low-dye tape application, the plantar pressure (kPa) had decreased in the forefoot both 

medially and laterally. Although this finding supports that of Lange et al., (2004), there 

were differences between the studies, one of which Newell et al. used participants with 

a navicular drop greater than 8mm which means that the participant’s foot postures 

ranged from those classed as neutral to pronated, whereas the study conducted by 

Lange et al., (2004) only investigated those with a navicular drop greater than 10mm, 

which indicated that the participant's foot position was pronated. 

Another study conducted by Kim and Park (2017) investigated short-term effects of 

taping on navicular height, drop and peak planter pressure during sitting, standing, 

walking and jogging. The researchers used 4 methods of tape application in which the 

order they were applied was randomly assigned. The tape applications included; a 

rigid taping, kinesiology taping, placebo taping and no tape. The study found that the 

rigid taping technique was the most effective in maintaining navicular height whilst 

sitting and jogging whereas no significant differences were found for the other 
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conditions. However, this only investigated the effects seen immediately post-

application and so it doesn’t highlight what effects, if any, there could be after any 

length of time post-application, especially as within a clinical setting tape is usually left 

on the individual for a few days.  

2.6.2 Effects of K-Tape 

The use of Kinesiology taping for the treatment of Plantar Fasciitis has been 

investigated. Singh et al., (2017) looked at the effect of K-tape application and 

compared this to tissue specific stretching exercises of the plantar fascia. They 

recruited 30 participants aged 30 – 60 years, both male and females included, these 

participants were then split into two groups of 15 participants each. One group 

received the K-tape application whilst the other received the stretching exercise with 

results being obtained through a numeric pain rating scale and foot functional index. 

Results showed a significant (p=<0.05) reduction in pain intensity following application 

of K-tape compared to the other group. However, whilst providing valuable information, 

the use of a pain scale isn’t a particularly reliable measure as this is subjective and 

can vary from one individual to another.  

2.6.3 Reliability of Tape Application 

The reliability of tape application has been investigated by Cornwall, Lebec, DeGeyter 

and McPoil (2013) who explored the reliability between two physical therapists 

applying a modified reverse-6 tape application using elastic tape to alter the height 

and width of the MLA. One physical therapist was a graduate in physical therapy and 

had no training in the tape application or use prior to the study whilst the other was a 

licensed physical therapist with 14 years’ experience in treating a wide range of 

orthopaedic conditions. The researchers used 15 participants (ten female and five 

male) and evaluated the clinician’s within-day, between-day measurements as well as 
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comparing the measurements between the two clinicians. The clinicians had been 

given a one-hour training session with verbal instruction and demonstration, as well 

as a video of the taping procedure which they could review as often as they wanted. 

To ensure the correct tape application was being used, one week after the initial 

training session, the clinicians returned and were observed applying the tape to an 

individual. The participants, whilst standing, had the height and width of the midfoot 

measured using a digital gauge and calliper, both pre- and post-tape application, using 

50 percent of each participants' foot length as a landmark. These measurements were 

taken twice on the same day, on two different days and by both clinicians. The results 

showed that the within-day reliability had an ICC range of 0.865 – 0.991, the between-

day reliability had an ICC range of 0.874 – 0.985 and the between-clinician reliability 

had an ICC range of 0.918 – 0.993. Therefore Cornwall et al., (2013) concluded that 

the modified reverse-6 tape application can be applied with excellent reliability by more 

than one therapist for the same person as well as from one treatment session to the 

next.  

However, as stated in the methodology for the within-day, testing reported that after 

measurements had been taken once post-tape application, a period of 15 minutes was 

allowed before tape was reapplied and assessed again. This could be a possible 

limitation due to previous research which has suggested that when investigating tape 

against no tape and the use of foot orthoses, the changes seen when tape is applied 

may influence the response of the following intervention being tested during the 

research. A plausible reason for this is that tape could amplify the sensory input and 

in turn, temporarily enhance the individual’s proprioceptive ability if they have poor 

proprioception already (Long et al., 2017). Additionally, when an individual possesses 

good proprioceptive skills already, then this amplified sensory input temporarily 
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impairs the individual’s proprioception ability (Long et al., 2017). This suggestion has 

been supported by Bishop, Arnold and May (2016) who investigated the effects of 

taping and orthoses on foot biomechanics and found that taping reduced the 

deformation of the MLA. The researchers studied adults who had pronated foot 

postures and found that the biomechanical response seen with taping significantly 

related to the subsequent change seen when using the foot orthoses. This study was 

conducted with all participants wearing footwear and researchers didn’t stipulate what 

footwear was being worn and if it was the same for all participants. It could therefore 

raise questions in relation to how much influence footwear impacted this result. It has 

been previously evidenced that when looking at plantar pressure of 19 different models 

of running shoe, there were substantial differences found between all types of shoes 

(Ewald, M., Hennig, T. and Milani, L., 1995). 

2.6.4 Validation of K-Tape Equipment & Methods 

A concern noted within various protocols throughout multiple articles is the extreme 

variability of the amount of stretch that K-tape can provide. Doggart and Catlow (2015) 

investigated the tensile force and elasticity of kinesiology tape. In order to assess this, 

20cm length strips of kinesiology tape was stretched until the maximum point of the 

tape's elastic limit was reached. The researchers found that in the 20cm length strips, 

they only had a stretch length of 45-55 percent which varied significantly along with 

the tensile strength. In another piece of research, again conducted by Doggart and 

Catlow (2015) they found that when stretching 28cm length strips of K-tape, the 

percentage of tape stretch ranged between 40-65 percent with tape integrity being 

maintained throughout. These findings could suggest that there may be implications 

in relation to the application of the tape as well as there being a limitation in the 

reliability of even skilled practitioner’s application of K-tape. 
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2.7 Summary of Literature Review 

Literature surrounding older adults is very limited within foot posture and requires 

further investigation in a lot of aspects of how posture can change and develop after 

the teen age years to roughly 65 years and how the changes can differ between 

gender. Based on literature currently available, the methodology for this study shall 

use adults of all genders, aged 18 years and over due to the amount of variability 

seen within foot postures in children. Regarding an upper age limit, if the participant 

doesn’t have any pathologies, foot deformities or had surgery they would still be able 

to participate as these have been the set criteria throughout most of the research. 

Furthermore, based on current research participants who are of a larger body mass, 

suspect that they are pregnant, are currently pregnant or have recently had a baby 

shall be excluded from the study due to postural and pressure changes seen in the 

feet as well as the changes to lower limb biomechanics which come with additional 

body mass. Finally, due to the changes within foot posture seen across various 

ethnicities, only those of a Caucasian background shall be tested. These conditions 

have been set to avoid anomalous results and ensure that the results found are true 

to the test conditions.  

Currently literature surrounding injury is very broad, covering a wide range of injuries 

under an umbrella term of ‘overuse injuries’ instead of separating them down into 

individual injuries. Plantar Fasciitis has the least amount of research conducted on it 

and how best to treat it. Highlighting within research that over time, tape applications 

have changed and adapted. Therefore, for this study, the windlass taping application 

seen by Jamali et al., (2004) shall be adapted to also incorporate some aspects of 

the taping application as seen by Bartold (2003). This is to better suit more recent 

tape applications which clinicians now use especially as the previous studies were 
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dated back in 2003/4. This modernised tape application has been described verbally 

by clinicians when asked about tape applications and to demonstrate it. These 

clinicians acknowledged that they utilise a combination of the two tape applications 

to form part of the treatment for plantar fasciitis despite there being a lack of 

research to evidence this taping method. However, due to the pattern this produces 

on the foot, throughout this research it shall be identified as a ‘teardrop’ application 

using 5 cm tape in order to avoid confusion with other techniques 

Finally, due to conflicting information available surrounding limb dominance and based 

upon how other researchers have conducted their own studies, only the right side of 

the body shall be measured in all conditions for this research. The position changes 

relates to a loading condition in which a percentage of body mass bares down on the 

limb. It is suggested that when in a seated position, 10 % body mass is going through 

the feet; when in a bipedal stance, 50 % body mass is going through the feet and when 

in a unipedal stance, 100 % body mass is going through the feet (McPoil et al., 2014). 

There is currently very little research which has been conducted using static stances 

but under loaded conditions focusing on foot posture. Since some positions will not 

possess a full footprint, the use of total contact area shall be used across all conditions 

in order to make the results comparable.  

2.8 Research Aims and Hypothesis 

2.8.1 Medial Longitudinal Arch Angle 

This study is going to be investigating whether tape applications (sham, EAB, Zinc 

Oxide and K-Tape) influence the Medial Longitudinal Arch Angle in a healthy 

population with no lower limb pathologies when compared to no tape being applied, in 

various positions (seated, bipedal and unipedal stances). Therefore, the hypothesis 

set is that there will be a statically significant difference found between the medial 
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longitudinal arch angle when no tape is applied and when tape is applied in a seated, 

bipedal and unipedal stance. 

2.8.2 Tibiocalcaneal Angle 

This study is going to be investigating whether tape applications (sham, EAB, Zinc 

Oxide and K-Tape) influence the Tibiocalcaneal Angle in a healthy population with no 

lower limb pathologies when compared to no tape being applied, in various positions 

(seated, bipedal and unipedal stances). Therefore, the hypothesis set is that there will 

be a statically significant difference found between the medial longitudinal arch angle 

when no tape is applied and when tape is applied in a seated, bipedal and unipedal 

stance. 

2.8.3 Navicular Drop 

This study is going to be investigating whether tape applications (sham, EAB, Zinc 

Oxide and K-Tape) influence the Navicular Drop in a healthy population with no lower 

limb pathologies when compared to no tape being applied. Therefore, the hypothesis 

set is that there will be a statically significant difference found between the navicular 

drop when no tape is applied compared to other taping conditions. 

2.8.4 Pressure Plate Analysis 

This study is going to be investigating whether tape applications (sham, EAB, Zinc 

Oxide and K-Tape) influence the plantar total contact area in a healthy population with 

no lower limb pathologies when compared to no tape being applied, in various 

positions (seated, bipedal and unipedal stances). Therefore, the hypothesis set is that 

there will be a statically significant difference found between the plantar total contact 

area when no tape is applied and when tape is applied in a seated, bipedal and 

unipedal stance. 
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Chapter 3: Methods 

3.1  Participants and Sampling Methods 

Fifteen participants under the age of 65 years were recruited for this study (Male n= 9, 

30.00 ± 11.50 years, 1.78 ± 0.06 m, 85.00 ± 18.00 kg.  Female n= 6, 26.00 ± 10.00 

years, 1.60 ± 0.04 m, 72.00 ± 16.00 kg), all of whom were conveniently sampled and 

volunteered to participate from the public, University of Bedfordshire staff and 

students. Those identified within the target population were approached and asked if 

they would volunteer to participate. All persons approached had an equal opportunity 

to participant within the study. 

3.1.1 Inclusion and Exclusion Criteria 

In order to be included in the study, participants had to be over the age of 18 and be 

of a Caucasian ethnicity. There was no stipulation on participants of physical activity 

type, intensity or frequency. However, participants had to be free from any lower limb 

musculoskeletal injuries, conditions and/or deformities. Participants who declared any 

lower limb musculoskeletal injuries, which they had sustained within 18 months prior 

to data collection, were excluded from the study. Furthermore, participants had to be 

free from general illnesses such as the common cold, dizziness, light headedness and 

inner ear infections as these could influence the participant's balance. 

Participants were also excluded if they had any cardiovascular, respiratory or 

neurological conditions. This was to prevent anomalous results and further reduce the 

risk of harm to the participants. Surprisingly, previous research has indicated that a 

person’s overall gait can be altered by various medical conditions. Eiser, Willsher and 

Doré (2003) found that patients with Chronic Obstructive Pulmonary Disease (COPD) 

produced results that were much less reproducible the more repetitions they did, 

during self-paced walking tests. Additionally, Yentes et al. (2015) found changes in 
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gait patterns, primarily affecting the ankle, when comparing those with Chronic 

Obstructive Pulmonary Disease (COPD) to healthy populations.  

To further ensure that results were not influenced by additional factors, participants 

were required to abstain from caffeine for at least 12 hours prior to testing to reduce 

its psychostimulant effect including quickened reaction time, enhanced performance 

and increased alertness (Rodgers and Dernoncourt, 1998). In addition to this, 

participants were also required to abstain from consuming alcohol for at least 12 hours 

prior to testing to prevent its suppressive effect on neurological functions which include 

memory, visual perceptions, speech and motor coordination (Katch, McArdle and 

Katch, 2011). 

3.2  Ethical Considerations 

Ethical approval was sought and approved by the Institute for Sport and Physical 

Activity Research (ISPAR) (Appendix 1). Prior to commencing data collection, 

participants were given various forms to read and sign, these included; information 

sheets (Appendix 2), informed consent forms (Appendix 3), risk assessments 

(Appendix 4) and medical screening form (Appendix 5) and PAR-Q (Appendix 6). 

All participants’ personal data (name, age, height, mass and medical details, etc.) was 

stored in accordance with the Data Protection Act, meaning that all personal data was 

stored on a password-protected computer which could only accessed by the 

researcher. Furthermore, all paper copies were stored in a locked filing cabinet and 

after the research was completed, all personal data including both electronic and hard 

copies were destroyed. Additionally, in order to maintain anonymity throughout the 

research, all participants were given a number which they used instead of their name. 
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3.3  Randomisation Methods 

For this study, a randomised controlled crossover trial was utilised. This meant that 

the order in which participants had tape applied was counterbalanced using an 

adapted Latin Square methodology (Appendix 7), this was to eliminate the possibility 

of order effect influencing the behaviour of the participants and in turn influencing the 

given results. However, all participants began the study with no tape application due 

to previous research indicating that any form of tape application, whether that be 

placebo or correct applications, influence the muscular activity of the participant 

(Araújo et al. 2016) and this therefore may influence the control results. Unfortunately, 

due to the number of test conditions (5) used in this study which didn’t include the 

control which everyone had to start with, a Latin Square could only be produced for 5 

participants. This conflicted with the number of participants utilised in this study, 

therefore the Latin Square was repeated a further two times.  

3.4  Pilot Testing Methodology 

Pilot testing was implemented to assess whether the equipment worked correctly, to 

identify an order to the protocols in order to effectively use the time available for data 

collection and to explore possible further investigations for the main data collection. 

Therefore, the pilot testing utilised only explored one type of tape application, pressure 

plate analysis and motion capture. Unfortunately, due to camera faults it transpired 

that 3D motion capture wouldn’t be suitable for the main data collection as it could 

impact the results or provide no results. Therefore, 2D motion capture was utilised for 

the main data collection. Additionally, during the pilot testing 2.5 cm tape was used 

instead of 5 cm tape due to the availability whereas for the main data collection 5 cm 

tape was used in order to effectively follow taping procedures replicated within a 

clinical setting. 
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3.4.1 Participants 

In order to complete the pilot test, eight healthy University of Bedfordshire Students 

were given the opportunity to participate in the pilot data collection. This included 

participants of both genders and any age over 18. Additionally, participants could be 

of any physical activity/fitness level. Participants had to be free from Verrucas and 

other skin conditions due to them being barefoot on the pressure plate.  

Participants were excluded from the pilot test if they had sustained any lower body 

injury within the past 18 months, as well as those suffering with a current systemic 

illness such as the common cold, ear infections and influenza. 

3.4.2 Procedures 

The data collection procedure was completed within two hours for all eight participants 

and only the right side was investigated. Participants were required to wear shorts and 

be barefooted throughout the pilot test. Initially, each participant's mass and height 

were measured using a Seca 813 Robusta Electronic Scale (Seca, Birmingham, UK) 

and Seca 213 Stadiometer Height Measure (Seca, Birmingham, UK) respectively. The 

total contact area of the footprint was collected using the Tekscan Walkway (Tekscan, 

Boston, USA) and Footmat software (Tekscan, Boston, USA). Total contact area was 

used to highlight any possible changes in the foot posture. Along with total contact 

area, a 3D kinematic model was used in which reflective markers were placed on first 

metatarsal head, fifth metatarsal head, navicular, calcaneus, medial and lateral 

malleolus, a cluster plate on mid lateral shank, medial and lateral femoral condyles 

and the greater trochanter. Cortex Version 6 (v.6.0.0.1645 64-bit, 2015, Motion 

Analysis Camera, USA) was used to collect data. To measure the 3D kinematic model, 

four Hawk cameras and three-five Kestrel cameras (Motion Analysis Corporation, 

Santa Rosa, USA) were used. To analyse the data produced from testing, mean 
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averages were calculated using a Microsoft Excel Spreadsheet. Prior to tape being 

applied each participant was asked to sit comfortably on a wooden chair and place 

their feet on the pressure plate. A recording was taken for 10 seconds. Following this, 

they were asked to stand in a comfortable position on the pressure plate and again 

this was recorded for 10 seconds. The participant was then given a rest period of 30 

seconds. This protocol was repeated for a final time in which the participants 

maintained a single leg stance, balancing on the right foot. After participants had this 

data taken, they then received a ‘teardrop’ tape application using 2.5 cm Zinc Oxide 

tape and the above protocol was repeated.  

After completing each set, the data recorded in the pressure plate software was then 

exported as a ‘JPEG’ file and saved using the participant number, type of tape used 

or no tape application and the stance they were in as the file title. 3D Motion Capture 

was used for one participant, using the same protocol for the pressure plate to explore 

the possibility of utilising that equipment for the actual data collection.  

3.4.2.1 Pilot Testing Tape Application 

The teardrop application consisted of an anchor of 2.5 cm Zinc Oxide tape being 

applied across the lateral aspect of the fifth metatarsal, then going underneath the foot 

across all metatarsophalangeal joints and finishing on the medial aspect of the first 

metatarsophalangeal joint. Following this, a stirrup was applied to the lateral aspect of 

the fifth metatarsal, starting at the metatarsophalangeal joint, around the calcaneus 

and along the medial aspect of the first metatarsal, ending at the metatarsophalangeal 

joint. After this a teardrop pattern was started on the lateral aspect of the fifth 

metatarsophalangeal joint then taped diagonally across the plantar fascia, around the 

calcaneus and back up laterally to join the start of the tape at the 5th 

metatarsophalangeal joint. This ‘teardrop’ pattern was then repeated for the medial 
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aspect of the foot starting and finishing at the first metatarsophalangeal joint. This 

application was applied a further two times both laterally and medially, ensuring that 

each new strip of tape overlapped the previous by at least half. To complete the tape 

application, another strip of tape was applied using the same method of the anchor to 

secure the tape. 

Figure 7: Images to show ‘teardrop’ taping. 

3.4.3 Initial Results 

Data collected from the pressure plate was analysed using ImageJ software. This 

allowed for the total contact area (cm2) to be calculated. Results were then analysed 

using SPSS. In all graphs presented, error bars indicate standard error of the mean 

(SE).   
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Figure 8: Comparison of mean values of total contact area (cm2) of the right foot in 
seated, standing and single leg stances with and without tape being applied.  

When comparing mean (m) values for all conditions, the tape applications appeared 

to have an influence on the total contact area seen. There was a 25.95 % decrease in 

the total contact area seen when tape was applied in the static, seated condition. There 

was also a 11.96 % decrease in the total contact area seen in the static, bipedal 

stance. Finally, there was a 5.04 % decrease in total contact area seen when in a 

static, unipedal stance. The coefficient of variance (CV%) for this group was calculated 

at; Seated No Tape, 71.78 % and tape application, 68.66 %; Bipedal No Tape, 25.43 

% and tape application, 24.7 %; Unipedal No Tape 22.06 % and Unipedal tape 

application, 17.43 %. 

After conducting a Kruskal-Wallis statistical analysis it showed that despite these 

mean results indicating a change in contact area, it was found that there was no 

statistically significant difference when comparing tape application and total contact 

area [H (1) = 0.078, p=0.7781]. However, there was a statistically significant difference 

found between total contact area and participants positions [H (2) = 34.000, p=<.001]. 
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After conducting a Dunn’s post hoc comparison, it was found that the significant results 

were; a significant increase in total contact area when Bipedal was compared to 

Seated [p=<.001, 95% CI [-0.571, 6.133], ε2 = 3.717 and a significant decrease in total 

contact area when Seated was compared to Unipedal [p=<.001, 95% CI [-8.408, -

3.425], ε2 = -5.024. 

3.4.4 Progression for Data Collection 

Regarding the actual data collection, a further tape application was utilised in addition 

to the teardrop methodology and instead of 2.5cm tape, the size of the tape used was 

5cm for all tape applications in order to replicate clinical applications. Additionally, after 

completing pilot testing, it was also established that the use of 3D motion capture was 

too unpredictable due to the system not working correctly and causing multiple errors. 

Therefore, an Apple iPad Air 2 was used to capture data in relation to Tibiocalcaneal 

angle and medial longitudinal arch. Furthermore, when completing the initial data 

analysis, it was found that the ImageJ software was hard to use with just a touchpad 

on a laptop and so when further data analysis was completed, this was done so using 

a desktop computer and a mouse. Additionally, unlike originally planned, the use of 

footprint index and modified arch index was unsuccessful due to the seated position 

and occasionally the standing posture not producing a full footprint image. Therefore, 

the use of total contact area was implemented. 

3.4.4.1 Tape Application Methodology – Sham 

The additional tape application included a ‘sham’ application in which one piece of 

5cm tape Zinc Oxide tape was applied without stretch going across the dorsal aspect 

of foot from the lateral aspect of the fifth metatarsal to the navicular tuberosity.  
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Figure 9: Shows the sham taping application. 

3.4.4.2 Tape Application Methodology – ‘Tear Drop’ Application 

The teardrop application was used for the EAB and Zinc Oxide conditions. This 

application consisted of an anchor of 5 cm Zinc Oxide or EAB tape being applied 

across the lateral aspect of the fifth metatarsal, then going underneath the foot across 

all metatarsophalangeal joints and finishing on the medial aspect of the first 

metatarsophalangeal joint. Following this, a stirrup was applied using the same tape 

used for the anchor, this was from the lateral aspect of the fifth metatarsal, starting at 

the metatarsophalangeal joint, around the calcaneus and along the medial aspect of 

the first metatarsal, ending at the metatarsophalangeal joint.  

After this, a teardrop pattern was started on the lateral aspect of the fifth 

metatarsophalangeal joint then taped diagonally across the plantar fascia, around the 

calcaneus and back up laterally to join the start of the tape at the 5th 

metatarsophalangeal joint. This ‘teardrop’ pattern was then repeated for the medial 

aspect of the foot starting and finishing at the first metatarsophalangeal joint. This 
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application was applied a further two times both laterally and medially, ensuring that 

each new strip of tape overlapped the previous by at least half. To complete the tape 

application, another strip of tape was applied using the same method of the anchor to 

secure the tape.  

Figure 10: shows the ‘tear drop’ taping application. 

3.4.4.3 Tape Application Methodology – K-tape  

K-Tape was investigated using two methods of application, due to these applications 

being prominent in clinical use. All conditions were applied initially with one edge of 

the tape being placed on the skin without any stretch, once firmly in place, the tape 

was then stretched to 100% and placed on the skin leaving space for the other end to 

be applied without stretch.  

The procedure for the K-tape 1 condition consisted of a strip being placed from the 

insertion of the Achilles Tendon on the calcaneus and finishing on the plantar aspect 

of the second, third and fourth metatarsophalangeal joints. This was then secured with 

a stirrup being placed from the lateral aspect of the fifth metatarsal, under the plantar 

fascia and then finishing on the navicular tuberosity/distally from the medial malleolus.  
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Figure 11: Shows the K-tape 1 application. 

Furthermore, another similar application was applied for the K-Tape 2 condition, 

however the strip going from the insertion of the Achilles Tendon on the calcaneus 

was split into five smaller strips and finished on the plantar aspect of the 

metatarsophalangeal joints.  

 

Figure 12: Shows the K-tape 2 application. 
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In order to standardise the amount of stretch the K-tape had, the foot was measured 

using 2.5cm Zinc Oxide tape and a ruler, from the insertion of the Achilles tendon on 

the calcaneus to the plantar aspect of the third metatarsophalangeal joint. The 

measurement given was used to cut one strip of K-tape. The measurement was then 

divided by three so that one third of the full length could be established to be used for 

the stirrup. This also meant that if the tape was then stretched to 100% it would fulfil 

the foot measurement and ensure consistency throughout.  

3.4.5 Calculating Sample Size 

A sample size of 12 was calculated to achieve a power of 0.95 using a computer 

programme called g*power. This sample size was calculated with an effect size of 0.98 

which used a Partial eta2 [ηp
2 = 0.49] value using the conditions set within pilot testing. 

This value was calculated using the following formula outlined by Levene & Hullett 

(2002): ηp
2 = SSeffect / (SSeffect + SSerror) where SS indicates sums of squares. In 

g*power the test family was selected as F tests with a statistical test of ANOVA: 

Repeated measures, with in-between interaction and type of power analysis set as: A 

priori: compute required sample size. The number of measurements was set to 15 to 

represent all conditions being measured in the full data collection and the number of 

groups was set to 6 to represent all taping conditions. In order to allow for participants 

withdrawing or not turning up to data collection, a total of 15 participants shall be 

recruited.   
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Figure 13: Shows conditions set within g*power to calculate sample size of 12 
participants.  

3.4.6 Reliability Testing 

After pilot testing was completed, the coefficient of reliability was calculated using 

SPSS data analysis software, looking at the Cronbach’s Alpha (α) for the pressure 

plate analysis and K-tape stretch application. Results for the total contact area 

indicated an unreliable test [α = 0.49] however this could have been due to the issues 

faced with using a laptop touchpad mouse over a standard desktop mouse when 

measuring the footprints. The test was repeated after changing the mouse and a 

greater reliability score was given [α = 0.76]. In order to assess reliability of K-tape 

application, a piece of zinc oxide tape was measured to 10 cm and placed on a wooden 

table. K-tape was then cut into 10 strips of 10 cm length and a third (3.3 cm) taken off 

this length. The aim of this test was to stretch the tape to 10 cm repeatedly whilst being 
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blindfolded and not able to see the length of tape. A reliability score was calculated 

using the results and showed a good level of reliability [α = 0.83]. 

When initially starting the full data collection, reliability was also assessed for the static 

measurements and results showed; MLA [α = 0.99], TCA [α = 0.98] and Navicular 

Drop [α = 0.98]. In addition to this, the reliability was assessed for all tape applications 

whilst measuring total contact area from the pressure plate and results found were; 

No tape [α = 0.99], Sham [α = 1.00], EAB [α = 0.99], Zinc Oxide [α = 1.00], K-tape 1 

[α = 0.60] and K-tape 2 [α = 0.99]. 

3.5  Data Collection Methodology 

3.5.1 Protocols 

In order to be included in the study, participants had to be over the age of 18 and be 

of a Caucasian ethnicity. Participants had three clinical analyses conducted; whilst in 

a static position, seated on a wooden seat, in a bipedal or unipedal stance in which 

only the right side was measured for all conditions. This measurement came from an 

assumption of limb dominance that when participants were asked to calibrate the 

pressure plate by stepping forward onto it, they all stepped forwards with the right foot 

first. Clinical assessments used were; the Navicular Drop, the Medial Longitudinal 

Arch Angle and the Tibiocalcaneal Angle. All tests involved the researcher being 

hands-on, manually assessing the various regions of the foot. All tests were conducted 

prior to and post each tape application; no tape, sham, Zinc Oxide, EAB and two K-

Tape applications. Tests were conducted within a comfortable range of motion for the 

participant, with minimal manipulation to ensure that they were at no risk of injury 

throughout the procedure or that results could have been influenced. Participants had 

motion capture markers applied to identify key anatomical landmarks (head of the first 

metatarsal, navicular tuberosity, medial malleolus, calcaneus, medial and lateral 
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femoral condyle) that were required to gather the necessary data. The static tests were 

measured using a pen and piece of card, a ruler, two Apple iPad Air 2s and ImageJ 

software. All results were measured three times and recorded into a Microsoft Office 

Excel 2016 (Microsoft, USA) spreadsheet. 

3.5.1.1 Static Assessments – Medial Longitudinal Arch Angle 

Medial Longitudinal Arch (MLA) procedures adapted from Langley, Cramp & Morrison 

(2015); In order to assess the MLA, the feiss line assessment was utilised. The feiss 

line is used in order to assess the flattening of the MLA and the general pronation of 

the foot. This was measured in all positions (seated, bipedal and unipedal) and the 

participant placed their feet approximately one shoulder width apart. The first 

metatarsal, navicular tuberosity (NT) and medial malleolus was palpated and identified 

using a motion capture marker on each landmark. An image was then captured using 

an Apple iPad Air 2. This image was input into a computer and ImageJ used to 

measure the angle between the marks on the medial malleolus, NT and the first 

metatarsal. The measurement was conducted three times and all angles given were 

then recorded onto a spreadsheet.  

 

Figure 14: Shows bony landmarks used to measure the MLA (Langley et al., 2015).  

3.5.1.2 Static Assessments – Tibiocalcaneal Angle 

Tibiocalcaneal Angle procedures were adapted from Stockley, Betts, Rowley, Getty 

and Duckworth (1990); whilst participants were seated, stood in bipedal and a unipedal 
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stance for all conditions, an iPad Air 2 was used to take a photograph of the posterior 

aspect of the shank ensuring that the posterior of the knee and calcaneus was visible. 

Reflective markers were placed on the medial and lateral femoral condyles, medial 

and lateral malleolus and the calcaneus in order to be clearly identifiable on the images 

taken. The image was then transferred onto a computer and ImageJ software was 

used to measure the angle seen where the posterior aspect of the tibia meets the 

midline of the calcaneus. Measurements were taken three times, and all recorded into 

a Microsoft Office Excel Spreadsheet.  

 

 

 

 

 

 

 

 

 

 

Figure 15: Shows How to Measure the Tibiocalcaneal Angle (Adapted from Stockley 
et al., 1990).  

3.5.1.3 Static Assessments – Navicular Drop 

Navicular Drop procedures adapted from Cote et al (2005); Participants were seated 

with their feet placed on the floor with only relaxed weight of the limbs transferring 

through them. The Navicular Tuberosity (NT) was located on the medial aspect of the 

foot and a motion capture marker was used to highlight its position, a mark was then 

made on a vertically positioned piece of card using a washable pen. The participant 

Tibial Line

Midline of Calcaneus

Reflective Marker
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then stood into a full weight-bearing stance and the new position of the NT was then 

marked again on the card. The distance between the two marks was measured with a 

ruler and recorded in millimetres onto a spreadsheet. Results gained from this 

measurement were then categorised into the following three groups (Cote et al., 2005); 

neutral foot [5-9 mm], supinated foot posture [<4 mm] and a pronated foot posture 

[>10 mm].  

3.5.1.4 Static Assessments – Pressure Plate Analysis 

To obtain footprint measurements, the pressure plate was calibrated to the 

participants’ body mass which was converted into newtons (n).  Following this, the 

Footmat software was used in order to complete a step calibration in which participants 

would step on and off the pressure plate at set intervals, set by the pressure plate 

software.  

For all conditions, participants were asked to sit comfortably on a wooden chair and 

place their feet, comfortably on the pressure plate. A recording was taken for 10 

seconds. Following this they were asked to stand in a comfortable position, on the 

pressure plate and again this was recorded for 10 seconds. The participant was then 

given a rest period of 30 seconds. After completing each set, the data recorded in the 

pressure plate software was then exported as a ‘JPEG’ file and saved using the 

participant number, type of tape application and the stance they were in as the file title. 

This protocol was then repeated for all tape applications which were applied in no set 

order. The footprints gained were then analysed in ImageJ to measure the contact 

area. The footprint shown in the images were then measured three times each in order 

to provide a contact area and results were put into a spreadsheet.  
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3.5.2 Statistical Analysis 

After the data collection was completed, the three measurements for all 

conditions were averaged to provide a mean result for each participant and all 

conditions tested. The standard deviation was calculated using these mean 

results and not the raw data itself. These participant's mean results were then 

averaged to provide one mean result per condition. Additionally, the coefficient 

of variance (%) was calculated using the standard deviation/mean of the mean 

results*100. 

In order to establish the appropriate statistical test to use for the data collected, 

the four parametric assumptions were tested for all conditions. For all 

assumptions to be met, the data had to be randomly sampled with 

homogeneity of variance [p=>0.05], there also had to be a normal distribution 

of data and the data must be of interval or ratio level data.  

Regarding this study, randomly sampled data was met, as out of the available 

study population all participants had an equal and independent chance of 

being used within the study. As well as this, the homogeneity of variance was 

accepted in only the MLA condition as p=0.156 in the Levenes test of variance. 

As all other conditions had a score of less than 0.05 this assumption wasn’t 

met. Furthermore, normal distribution was accepted for the MLA only. This was 

tested for all conditions using Shapiro-Wilk as the sample population size was 

less than fifty. In order to be accepted, the ‘p’ value was required to be below 

0.05 for all test conditions. Finally, because the values seen within the data 

had an absolute zero value (as seen when there is no contact) and 

measurements went up in degrees (MLA, TCA), ratio and interval level data 

was used. 
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Following these results regarding the four parametric assumptions. It was evidenced 

that the parametric assumptions were not violated for the MLA condition, a repeated 

measures Anova was conducted with a post hoc comparison using Bonferroni 

correction. Furthermore, as all other conditions didn’t meet all the parametric 

assumptions, a non-parametric test, equivalent to a one-way Anova was used. 

Therefore, in all the other conditions a non-parametric test was used to analyse the 

data, a Kruskal-Wallis with a Dunn’s post hoc test using Bonferroni corrections.  
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Chapter 4: Results 

All data recorded from the participants was used for the data analysis, meaning that 

no data was excluded. In all graphs presented, error bars indicate standard error of 

the mean (SE).   

4.1 Medial Longitudinal Arch Angle 

 

Figure 16: Average (mean) results for the MLA (degree) based upon tape application 
whilst in a static seated position. *+ indicates significant increase, *- indicates 
significant decrease. Values represent means and Error Bars represent Standard 
Error. 

When comparing mean (m) values, EAB appeared to have a greater influence on the 

angle seen when testing the MLA in a static, seated stance compared to other taping 

conditions. When comparing the control condition to that of the EAB, mean results 

indicated a decrease of 2.33 % between the angles found. It is also worth noting that 

other conditions also influenced the movement of the MLA when applied, but the 

percentage (%) of changes found were much smaller than that of EAB.  
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When comparing the mean values of the control condition and sham conditions there 

was an increase of 0.21 % found between the angles. Additionally, when the control 

condition's mean value was compared to that of the Zinc Oxide condition, there was 

an increase of 0.83 % on the angles reported. Furthermore, there was a decrease in 

the angles reported of 1.69 % when comparing the control condition to both of the K-

tape conditions. The coefficient of variance (CV%) for this group was calculated at; No 

Tape, 2.93 %; Sham, 2.87 %; Zinc Oxide, 4.70 %; EAB, 2.93 %; K-tape 1, 3.68 % and 

K-tape 2, 3.05 %. 

 

Figure 17: Average (mean) results for the MLA (degree) based upon tape application 
whilst in a static bipedal position. *+ indicates significant increase, *- indicates 
significant decrease. Values represent means and Error Bars represent Standard 
Error. 

When comparing mean (m) values, Zinc Oxide appeared to have a greater influence 

on the angle seen when testing the MLA in a static, bipedal stance compared to other 
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taping conditions. When comparing the control condition to the Zinc Oxide condition, 

mean results indicated a 2.85 % increase between the angles found. 

Other conditions also influenced the movement of the MLA when applied but the 

percentage (%) of changes found were much smaller than that of the Zinc Oxide 

conditions. When comparing the mean values of the control condition and sham 

conditions there was an increase in the angles reported by 0.99 %. Additionally, when 

the control condition was compared to the EAB condition there was a decrease of 1.56 

% in the MLA angle. A decrease in angle of 2.21 % was found when comparing the 

control condition's mean values to that of both the K-tape conditions. The coefficient 

of variance (CV%) for this group was calculated at; No Tape, 4.74 %; Sham, 4.80 %; 

Zinc Oxide, 4.34 %; EAB, 5.44 %; K-tape 1, 4.75 % and K-tape 2, 3.46 %. 

 

Figure 18: Average (mean) results for the MLA (degree) based upon tape application 
whilst in a static unipedal position. *+ indicates significant increase, *- indicates 
significant decrease. Values represent means and Error Bars represent Standard 
Error. 
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When comparing mean (m) values, Zinc Oxide appeared to have a greater influence 

on the angle seen when testing the MLA in a static, unipedal stance compared to other 

taping conditions. When comparing the control with Zinc Oxide, mean results indicated 

a 1.94 % angle increase. Other conditions also influenced the movement of the MLA 

when applied but the percentage (%) of changes found were much smaller than that 

of the Zinc Oxide condition. When comparing the mean values of the control condition 

and sham conditions there was an angle increase of 1.30 % found. Additionally, when 

the control condition mean value was compared to that of the EAB condition there was 

a decrease in the angle reported by 1.24 %. Furthermore, a decrease in angle by 1.88 

% when comparing the control condition to both the K-tape conditions. The coefficient 

of variance (CV%) for this group was calculated at; No Tape, 4.52 %; Sham, 3.87 %; 

Zinc Oxide, 2.80 %; EAB, 4.25 %; K-tape 1, 3.62 % and K-tape 2, 2.98 %. 

4.1.1 Statistical Analysis 

There was a statistically significant difference between MLA and tape application [F 

(5,10) = 282.90, p=<.001, ηp
2 = 0.122]. Following a post hoc comparison using Tukey’s 

correction, significance was found between the following results; there was an 

increase in MLA when Zinc Oxide was compared to K-tape 1 [p=<0.001, 95% CI 

[0.663, 9.250], d=0.947], a significant increase in MLA when Zinc Oxide was compared 

to K-tape 2 [p=<.001, 95% CI 1.114, 9.924, d=1.125], a significant decrease in MLA 

when EAB was compared to Zinc Oxide [p=<.001,95% CI [-6.57, 1.32], d=-0.957], a 

significant decrease in MLA when EAB was compared to Sham [p=0.025, 95% CI [-

7.901, -0.324], d=-0.957] and a significant increase in MLA when Sham was compared 

to K-tape 2 [p=0.022, 95% CI [-0.456, 8.043], d=0.731]. There were no statistically 

significant results found between MLA and change in body position [F (2,10) = 90.65, 

p=0.101, ηp
2 = 0.016].  
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4.2 Tibiocalcaneal Angle 

 

Figure 19: Average (mean) results for the TCA (degree) based upon tape application 
whilst in a static seated position. *+ indicates significant increase, *- indicates 
significant decrease. Values represent means and Error Bars represent Standard 
Error. 

When comparing mean (m) values, both the EAB and K-tape 1 conditions appeared 

to have a greater influence on the angle seen when testing the TCA in a static, seated 

stance compared to other taping conditions. When comparing the control condition to 

both EAB and K-tape 1 conditions, mean results indicated a 19.55 % angle decrease. 

Other taping conditions also influenced the TCA but the percentage (%) of changes 

found were much smaller than that of the EAB and K-tape 1 conditions. When 

comparing the mean values of the control condition and sham conditions, there was 

an angle increase of 3.23 % found. Additionally, when the control condition mean value 

was compared in both the Zinc Oxide and K-tape 2 conditions, there was an increase 

in the angle reported by 9.15 %. The coefficient of variance (CV%) for this group was 
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calculated at; No Tape, 27.51 %; Sham, 22.70 %; Zinc Oxide, 39.32 %; EAB, 27.79 

%; K-tape 1, 18.36 % and K-tape 2, 39.89 %. 

 

Figure 20: Average (mean) results for the TCA (degree) based upon tape application 
whilst in a static bipedal position. *+ indicates significant increase, *- indicates 
significant decrease. Values represent means and Error Bars represent Standard 
Error. 

When comparing mean (m) values, both the EAB and K-tape 1 conditions appeared 

to have a greater influence on the angle seen when testing the TCA in a static, bipedal 

stance compared to other taping conditions. When comparing the control condition to 

both EAB and K-tape 1 conditions, mean results indicated a 39.36 % angle decrease. 

Other taping conditions also influenced the TCA but the percentage (%) of changes 

found were much smaller than that of the EAB and K-tape 1 conditions. When 

comparing the mean values of the control condition and sham conditions there was an 

angle increase of 7.12 % found. Additionally, when the control condition mean value 

was compared in both the Zinc Oxide and K-tape 2 conditions, there was an increase 

in the angle reported by 0.67 %. The coefficient of variance (CV%) for this group was 
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calculated at; No Tape, 50.39 %; Sham, 55.53 %; Zinc Oxide, 47.36 %; EAB, 27.22 

%; K-tape 1, 38.79 % and K-tape 2, 46.03 %. 

 

Figure 21: Average (mean) results for the TCA (degree) based upon tape application 
whilst in a static unipedal position. *+ indicates significant increase, *- indicates 
significant decrease. Values represent means and Error Bars represent Standard 
Error. 

When comparing mean (m) values, the Zinc Oxide condition appeared to have a 

greater influence on the angle seen when testing the TCA in a static, unipedal stance 

compared to other taping conditions. When comparing the control condition to the Zinc 

Oxide condition, mean results indicated a 28.57 % angle increase. 

Other taping conditions also influenced the TCA but the percentage (%) of changes 

found were much smaller than that of the Zinc Oxide condition or no change at all was 

seen. When comparing the mean values of the control condition and sham condition 

there was an angle increase of 15.95 % found. Additionally, no changes were seen in 

the TCA mean value when comparing the control condition to the EAB and both of the 
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K-tape conditions. The coefficient of variance (CV%) for this group was calculated at; 

No Tape, 28.86 %; Sham, 29.18 %; Zinc Oxide, 47.79 %; EAB, 33.88 %; K-tape 1, 

39.22 % and K-tape 2, 55.58 %. 

4.2.1 Statistical Analysis 

There was a statistically significant difference between TCA and position [H (2) = 

37.21, p=<.001] as well as there being a statistically significant difference between 

TCA and tape application [H (5) = 27.79, p=<.001]. Following a Dunn’s post hoc 

comparison using a Bonferroni correction, significance was found between the 

following results; a significant decrease in TCA when Bipedal was compared to 

Unipedal [p=<.045, 95% CI [-0.891, -0.008], ε2 = -0.337], a significant decrease in TCA 

when Bipedal was compared to Seated [p=<.001, 95% CI [-1.264, -0.381], ε2 = -0.649], 

a significant decrease in TCA when EAB was compared to No Tape [p=<.035, 95% CI 

[-1.556, -0.035], ε2 = -0.786], a significant decrease in TCA when EAB was compared 

to Sham [p=<.001, 95% CI [-1.870, -0.349], ε2 = -1.023], a significant decrease in TCA 

when EAB was compared to Zinc Oxide [p=<.001, 95% CI [-1.852, -0.331], ε2 = -

0.833], a significant increase in TCA when Sham was compared to K-tape 1 [p=<.026, 

95% CI [0.060, 1.581], ε2 = 0.727] and a significant increase in TCA when Zinc Oxide 

was compared to K-tape 1 [p=0.032, 95% CI [0.042, 1.563], ε2 = 0.595]. 
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4.3 Navicular Drop 

 

Figure 22: Average (mean) results for the Navicular Drop (mm) based upon tape 
application. Values represent means and Error Bars represent Standard Error. 

When comparing mean (m) values, the K-tape 2 condition appeared to have a greater 

influence on the movement (mm) seen when testing the Navicular Drop in a static, 

seated stance compared to other taping conditions. When comparing the control 

condition to the K-tape 2 condition, mean results indicated an angle decrease by 4.69 

%. 

Other taping conditions also influenced the Navicular Drop but the percentage (%) of 

changes found were either much smaller than that of the K-tape 2 condition or there 

wasn’t any change in results. When comparing the mean values of the control 

condition and sham conditions there was an angle increase of 0.68 % found. 

Additionally, when the control condition mean value was compared in both the Zinc 

Oxide and EAB conditions, there was an increase in the angle reported by 1.85 %. 
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Furthermore, when the control condition value was compared to that of the K-tape 1 

condition an angle increase of 1.51 % was found.  

The coefficient of variance (CV%) for this group was calculated at; No Tape, 39.58 %; 

Sham, 58.17 %; Zinc Oxide, 36.53 %; EAB, 48.45 %; K-tape 1, 34.94 % and K-tape 

2, 40.78 %. 

Despite these initial descriptive statistic results, there was no statistically significant 

result found between any taping applications when compared to navicular drop (mm) 

[H (5) = 1.408, p=0.923] 
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4.4 Pressure Plate Analysis  

 

Figure 23: Average (mean) results for the Total Contact Area (cm2) based upon tape 
application in a static seated position. Values represent means and Error Bars 
represent Standard Error. 

When comparing mean (m) values, the K-tape 1 condition appeared to have a greater 

influence on the total contact area found in a static, seated stance compared to other 

taping conditions. When comparing the control condition to the K-tape 1 condition, 

mean results indicated a 14.57 % contact area increase. 

Other taping conditions also influenced the total contact area values but the 

percentage (%) of changes found were much smaller than that of the K-tape 1 

condition. When comparing the mean values of the control condition and sham 

conditions there was a contact area decrease of 3.36 %. Additionally, when the control 

condition mean value was compared to the Zinc Oxide condition an increase in contact 

area of 7.50 % was found. When the control condition was compared to the EAB 

condition an increase in contact area of 1.60 % was found. Furthermore, when the 

control condition was compared to the K-tape 2 condition there was an increase in the 

contact area by 6.92 %.  



66 
 

The coefficient of variance (CV%) for this group was calculated at; No Tape, 37.28 %; 

Sham, 39.92 %; Zinc Oxide, 28.08 %; EAB, 31.81 %; K-tape 1, 34.74 % and K-tape 

2, 34.31 %. 

 

Figure 24: Average (mean) results for the Total Contact Area (cm2) based upon tape 
application in a static bipedal position. Values represent means and Error Bars 
represent Standard Error. 

When comparing mean (m) values, the EAB condition appeared to have a greater 

influence on the total contact area found in a static, bipedal stance compared to other 

taping conditions. When comparing the control condition to the EAB condition, mean 

results indicated a 4.28 % contact area increase. 

All of the other taping conditions also increased the total contact area values but the 

percentage (%) of changes found were much smaller than that of the EAB condition. 

When comparing the mean values of the control condition and sham conditions there 

was a contact area decrease of 1.08 %. Additionally, when the control condition mean 

value was compared to the Zinc Oxide condition an increase in contact area of 3.37 

% was found. When the control condition was compared to the K-tape 1 condition an 
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increase in contact area of 1.74 % was found. Furthermore, when the control condition 

was compared to the K-tape 2 condition there was an increase in the contact area by 

2.88 %.  

The coefficient of variance (CV%) for this group was calculated at; No Tape, 15.37 %; 

Sham, 15.70 %; Zinc Oxide, 14.18 %; EAB, 12.99 %; K-tape 1, 13.00 % and K-tape 

2, 15.47 %. 

 

Figure 25: Average (mean) results for the Total Contact Area (cm2) based upon tape 
application in a static unipedal position. Values represent means and Error Bars 
represent Standard Error. 

When comparing mean (m) values, the EAB condition appeared to have a greater 

influence on the total contact area found in a static, unipedal stance compared to other 

taping conditions. When comparing the control condition to the EAB condition, mean 

results indicated a 120.32 % contact area increase. 

All of the other taping conditions also increased the total contact area values but the 

percentage (%) of increases found were much smaller than that of the EAB condition. 

When comparing the mean values of the control condition and sham conditions there 

was a contact area decrease of 1.33 %. Additionally, when the control condition mean 
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value was compared to the Zinc Oxide condition an increase in contact area of 1.58 

% was found. When the control condition was compared to the K-tape 1 condition an 

increase in contact area of 1.53 % was found. Furthermore, when the control condition 

was compared to the K-tape 2 condition there was an increase in the contact area by 

3.79 %. 

The coefficient of variance (CV%) for this group was calculated at; No Tape, 13.88 %; 

Sham, 12.08 %; Zinc Oxide, 15.78 %; EAB, 11.75 %; K-tape 1, 13.18 % and K-tape 

2, 13.46 %. 

4.4.1 Statistical Analysis 

There was a statistically significant difference between total contact area and position 

[H (2) = 207.269, p=<.001]. However there no statistically significant difference 

between total contact area and tape application [H (5) = 0.605, p=0.988]. Following a 

Dunn’s post hoc comparison using a Bonferroni correction, significance was found 

between the following results; a significant decrease in total contact area when Seated 

than when in an Unipedal stance [p=<.001, 95% CI [-8.13, -2.29], ε2 = -3.525], a 

significant increase in total contact area when in a Bipedal stance than when 

compared to a Seated position [p=<.001, 95% CI [-4.95, 5.78], ε2 = 5.188] and a 

significant reduction in total contact area when in a Bipedal stance than when in a 

Unipedal stance [p=<.001, 95% CI [-3.26, 1.43], ε2 = -1.000]. 
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Chapter 5: Discussion 

Whilst there is a wide range of research investigating foot posture, there is very little 

research conducted currently which investigates tape types, body position and multiple 

static assessments of foot posture. Additionally, literature is very focused on gait and 

locomotion as well as individuals with pathologies e.g. diabetes, rather than that of 

healthy, non-athletic individuals. Despite this, results shown from this research 

primarily agrees with that found by other researchers.  

5.1 Review of Study Aims 

The aim of this study was to investigate whether tape applications (sham, EAB, Zinc 

Oxide & K-Tape) influence the MLA, TCA, Navicular Drop & the Plantar Total 

Contact area in a healthy population with no lower limb pathologies when compared 

to no tape being applied, in various static positions (seated, bipedal and unipedal 

stances).  

Results from this study found that there was a significant increase in the MLA when 

tape was applied but there was no significant difference in MLA when changing body 

position. Greater increases in MLA was found when Zinc Oxide was applied when 

compared to both K-tape applications as well as when sham taping was compared to 

K-tape 2 application. Additionally, there was a significant decrease in MLA when 

EAB was compared to Zinc Oxide and Sham. These results mean that the null 

hypothesis can be accepted in the sense that there was no statistically significant 

difference between MLA and positions however, the null hypothesis also has to be 

rejected in the aspect that statistically significant increases were found in MLA and 

taping conditions. 



70 
 

Regarding TCA, results from this study found that there was a significant increase in 

the TCA when tape was applied as well as when body positions were changed. 

Greater increases in TCA was found when sham and Zinc Oxide was compared to 

the K-tape 1 condition. Additionally, there was a significant decrease in overall TCA 

results when the bipedal condition was compared to the unipedal stance and seated 

position. A decrease in TCA was also found when EAB was compared to no tape, 

sham and zinc oxide. These results mean that the null hypothesis can be rejected as 

there was statistically significant increases found between TCA and taping 

applications as well as significant decreases in TCA and taping conditions and static 

positions. 

Additionally, results from this study found no significant difference in the navicular 

drop when compared to any of the taping conditions. These results mean that the 

null hypothesis can be accepted as there was no statistically significant difference 

between navicular drop and tape application. 

Finally results from this study found that there was a significant increase in the total 

contact area when compared to body position, however there was no significance 

when compared to the taping conditions. A greater increase in total contact area was 

found when in a bipedal stance than when in a seated position. Whilst there was a 

greater reduction in total contact area when in a seated and bipedal position 

compared to a unipedal stance. These results mean that the null hypothesis can be 

accepted in the sense that there was no statistically significant difference between 

total contact area and tape application. However, the null hypothesis must also be 

rejected in the aspect that a statistically significant increase was found in total 

contact area and body position. 
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5.2 Analysis of Results 

The MLA results reported in this study partially agree with that found by Lange et al., 

(2004) who found that taping the MLA provides support to the arch height due to the 

increase in the MLA found when zinc oxide tape was applied. However, Lange et al., 

(2004) only reported this external support being found when statically weight baring, 

this finding can conflict with results found in this research as it was evidenced that 

there was no difference in MLA when compared with different static positions. 

Despite this, Lange et al. (2004) suggested a biomechanical explanation surrounding 

how tape interacts with the talonavicular and calcaneocuboid in the sense of 

reducing motion at those joints and therefore manipulating how the foot can adapt 

when placed in a load-bearing position. This suggestion along with the findings of 

Kim and Park (2017) who reported that rigid tape application was the most effective 

in maintaining navicular height whilst sitting, can explain the increase of MLA seen 

throughout this study. However, Kim & Park’s (2017) reports conflict with no 

statistically significant difference seen in Navicular movement throughout all 

conditions set within this study. Unfortunately, throughout these pieces of research 

no effect sizes were reported, and it is therefore uncertain as to how comparable 

previous research is to this study. Additionally, most of the research conducted only 

investigates rigid taping (namely Zinc Oxide) or only focuses on one tape type. 

Research available tends not to report the size of tape used throughout the 

investigation and/or primarily focuses on how the tape functions when tested through 

a dynamic movement, typically gait. 

Research has supported the deformation of the arch height when weight baring and 

has explained the biomechanics behind this pronation and supination of the foot. In a 

balanced standing condition without tape application, Cheung, Zhan & An (2006) 
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reported that by increasing a load on the Achilles tendon, it created an anterior and 

lateral shift in the centre of pressure. This shift in centre of pressure is then believed 

to have translated into the pronation of the arch height in order to accommodate the 

additional load. This research can begin to explain the angle changes found in the 

TCA when being examined under differing static positions. As results indicated that 

there was a reduction in the TCA when comparing Bipedal stance to that of the 

seated stance this supports the findings found by Cheung et al. (2006). However, 

this argument doesn’t explain the reduction in TCA seen when comparing a bipedal 

stance to a unipedal stance despite the load increasing. Another critique is that the 

effect size wasn’t reported within Cheung et al. (2006) research and is therefore 

harder to compare like-for-like with this study. However, these findings may provide 

an explanation as to the increase in Total Contact Area seen in this study, when 

under increasing loads. It’s not surprising that a change in total contact area is seen 

when there is a change in body mass going through the feet. Through foot 

deformation it manipulates structures within the foot to accommodate a greater base 

of support required for balance. 

Surprisingly results showed that TCA significantly increased when Sham tape 

application was compared to the of K-Tape. However, Simoneau et al., (1997) 

reported that the increased cutaneous mechanoreceptor, sensory feedback which 

was provided by strips of tape being applied across the skin of an ankle joint in a 

healthy participant, helped improve ankle joint position perception. This suggests 

that it doesn’t matter what tape is applied or how it is applied, but if it is on the skin it 

can influence proprioception. This suggestion is supported more recently by 

Delahunt et al., (2010) who investigated placebo taping effects on dynamic ankle 

mechanical stability and mechanoreceptive or perceived stability in persons with 
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chronic ankle instability. The researcher reported that both genuine tape application 

and placebo tape application had an influence on perceived ankle stability and the 

corresponding performance when compared to the control condition of no tape. 

Similarly effect sizes were not reported throughout these pieces of research and so 

these further limits the comparability to this study. 

5.3 Potential Application for Clinicians 

Following on from this research, it could be assumed that based upon a client’s 

individual needs the most beneficial tape to use in order to restrict excessive 

pronation and aggravation when treating plantar fasciitis would be the Zinc Oxide. 

This finding is shared across multiple studies which have been examined over quite 

a substantial time period. Whereas, if a client is presenting with more psychological 

needs as in reassurance and worry about re-injury then K-Tape appears to be more 

beneficial as it doesn’t particularly limit range of motion but can assist with 

biofeedback and joint position proprioception. This research however only 

investigated static positions, which means that these results would benefit those of a 

sedentary lifestyle but the majority of the population walk throughout the day and 

therefore it cannot be said that those benefits would be applicable when faced with 

dynamic movement and so further research would be required. 

5.4 Areas for Future Research 

Regarding data analysis, some research has indicated foot posture variances 

between genders and body mass, this could be another route that this research 

could have taken in exploring the idea that males, females and those of varying 

body mass could have responded differently to the testing conditions. Additionally, 

the pressure plate system has a Sway Analysis Module (SAM) setting which when 

enabled can provide data in relation to balance. In future research this could also 
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be investigated in order to explore how tape application interactions with a 

person’s balance and proprioception. Additionally, in further research participants 

who have been diagnosed with plantar fasciitis or other foot pathologies could 

also be recruited in order to provide results which could influence decisions made 

by clinicians regarding possible treatments. Another investigation which could be 

explored is how taping may influence the gait of an individual, in both healthy 

participants and those with pathologies as even with the most sedentary of 

persons there is still an aspect of gait throughout day-to-day life. Furthermore, 

with taping there is a general awareness that the effects of the tape reduce over 

time, therefore future research could investigate the significant results further by 

exploring how long the tape application influences the MLA and TCA before 

results appear like that of the control condition.  

Finally, more research into the half-life of tape could be conducted which could 

focus on the varying types of tape and doing a comparison. This would help 

understand what tapes provide benefits for longer as well as what the wash-out 

period of tapes are post-application removal. 

5.5 Limitations 

Whilst this study has been successful in demonstrating the interaction of tape 

applications, body position and static assessments of foot posture, there has been 

some limitations. Firstly, it was noticed that some participants struggled to 

maintain their balance for the 10 seconds whilst in the unipedal stance, this in turn 

may have influenced some of the results. Therefore, if this study was to be 

conducted again, a methodology adaptation which could be implemented is the 

use of a balance bar, this has been seen previously in research investigating 

matters relating to the lower limb as seen by Flanagan et al. (2005) who 
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throughout the study allowed their participants to use a balance bar to provide 

additional support. Additionally, participants skin integrity could have been 

questioned as some participants were reporting slight discomfort the more tape 

applications which had been applied and it was noted that not all of the adhesive 

could have been removed after each application.  

Additionally, despite sample size calculator (G*Power) stating that only 12 

participants would be required to have an effect size of 0.98 and power of 0.95, 

post-study power calculation was conducted using G*Power which showed that 

from the data collected, in order to have had an effect size of 0.98 with a Partial 

Eta2 value of 0.49 to produce a power of 0.95 then the study should have had a 

total of 36 participants. As this study only looked at 15 participants then it could 

be argued that the power of the study has been reduced. This power reduction 

would occur from increases in the margin of error, typically seen with small sample 

sizes, this could then lead onto the results being skewed by Type II error. 

Figure 26: Shows conditions set within g*power to calculate how many 
participants should have been recruited for the study retrospectively to generate 
a 0.98 effect size.                                                                                                                    

Regarding the data collection itself, the 5cm tape was hard to apply accurately, 

especially the more rigid tape; Zinc Oxide. It may be suggested that in future 
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studies which investigate the feet, smaller width tape is used as this too may 

influence overall results and could provide valuable scientific reasoning for 

clinicians in the future. Furthermore, during this study, it was also found that using 

an iPad, made collecting data a lot quicker and easier however it cannot be said 

for sure that parallax errors and lens distortion didn’t influence the results. 

However, to limit this type of error the use of a set square and spirit level was 

implemented whilst maintaining a set distance away from the participant to ensure 

the camera maintained a correct position and these types of errors were minimal. 
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Chapter 6: Conclusion 

In conclusion, results from this study have provided some valuable insights into tape 

applications and the effects these have particularly on the MLA and TCA. Results 

found greater increases in MLA when Zinc Oxide was applied when compared to 

both K-tape applications as well as when sham taping was compared to K-tape 2 

application. Additionally, there was a significant decrease in MLA when EAB was 

compared to Zinc Oxide and Sham. However, no significant difference in MLA when 

changing body position. In clinical application, these results could influence 

clinicians’ decisions when looking to manipulate the MLA, meaning that clinicians 

could justify the use Zinc Oxide tape applications over other taping conditions due to 

the results showing that application typically increased the angle which possibly 

indicates a better postural support being given and therefore could assist individuals 

with a pronated foot posture. In contrast, EAB and K-tape applications were seen to 

reduce the angle of the MLA which could justify a clinician in using these tape 

applications for an individual with supinated foot posture over other applications, in 

order to reduce the MLA.  

Regarding the TCA, greater increases were found when sham and Zinc Oxide was 

compared to the K-tape 1 condition. Additionally, results showed a decrease in 

overall TCA results when the bipedal condition was compared to the unipedal stance 

and seated position. A decrease in TCA was also found when EAB was compared to 

no tape, sham and zinc oxide. Whilst across all conditions, the TCA seen provided 

values which indicated a hindfoot valgus/pronated position, it could be suggested 

that EAB tape application reduces the TCA result and therefore brings the hindfoot 

angle more towards a neutral position.  
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Furthermore, regarding total contact area increase in total contact area was found 

when in a bipedal stance than when in a seated position. Additionally, there was a 

greater reduction in total contact area when in a seated and bipedal position 

compared to a unipedal stance. These results provide clinicians with a greater 

understanding as to how the foot posture changes when under different loading 

conditions based on body position which hasn’t previously been reported.  

Whilst majority of results found have offered supportive findings when compared to 

studies conducted by different researchers. The navicular drop results conflicted with 

those published in other research as no significant difference was found when 

compared to any of the taping conditions. However, this could have been due to the 

tape applications used and how they interrupted the palpation of the navicular 

tuberosity. 
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Appendix 2: Information Sheet 

Information Sheet                 

                

Investigating the Influence of Tape Application on Static Assessments of Foot Posture 

(Clinical Biomechanics) 

Dear Participant, 

Thank you for showing an interest in participating in this research. Please read this information 

sheet carefully before deciding to participate. If you decide not to participate, there will be no 

disadvantage to you of any kind. 

What is the aim of the project? 

The aim of this research is to investigate; 

 Whether static foot analyses can predict changes in the function of the regions of the foot 

during gait?  

 Is there a relationship between the path of the centre of pressure of the foot and the 

kinematic changes during the stance phase of gait? 

 Can traditional methods of taping influence foot kinematics? 

What type of participant is needed? 

Participants needed for this research are adults aged 18-60 years old of any physical activity 

level. Participants excluded from the study are due to the following reasons: any previous lower 

limb injury in the past 18 month, anyone allergic to adhesive products such as plasters or 

ultrasound medium. Participants who consume alcohol or caffeine 24 hours prior to testing will 

also be excluded from participating in this research. 

What will participants be asked to do? 

Should you agree to participate in this study, you will be asked to attend a familiarisation 

session at the Sports Therapy Laboratory at the University of Bedfordshire, Luton Campus. This 

session shall last approximately an hour and a half. Your height and mass will be measured and 

recorded along with your date of birth. Following this, you will only be required to attend 1 

testing session which shall take approximately an hour. Testing will involve the following: 

 Static analysis assessments will be measured and recorded. In which small marks, may 

be required to be put onto the skin using washable pens. 

 Participants shall sit, stand in a bipedal stance and a unipedal stance on the pressure 

plate as well as having imaging ultrasound used in which images shall be focused on the 

navicular tuberosity whilst in the various positions. 

 When required Zinc Oxide tape shall be applied to the feet using 3 different methods of 

tape application.  

 The process shall then be repeated 3 times per position with either no tape or 3 other 

tape applications being applied. 
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What are the possible risks of taking part in the study? 

You will be asked prior to beginning any data collecting, if you have any adhesive allergies or 

allergies to ultrasound medium. If you have any allergies that prevent adhesive pads or 

ultrasound medium being applied to the skin, then you will be excluded from this research. 

Additionally, if you have any respiratory, cardiovascular, neurological and/or musculoskeletal 

conditions or had any lower limb injury within the past 18 months then you shall also not be 

permitted to participate.  

What if you decide you want to withdraw from the project? 

You are entitled to withdraw from the study, at any stage, if you wish to do so. There is no 

disadvantage or penalisation if you withdraw from this research. 

What will happen to the data and information collected? 

All participants that take part in this research will, if they wish to do so, receive the results of the 

research once available. All information and results collected will be held securely at the 

University of Bedfordshire and will only be accessible to University researchers and supervisors 

directly involved in this research. Results of this research may be published, but any data 

included will all remain anonymous and not be linked to specific participants. All data will be 

destroyed (shredded) or permanently deleted after 5 years’ post publication.  

What if I have any questions? 

Questions are welcome and should be directed towards Dr. Daniel Robbins (Research 

Supervisor) or Sarah Stewart (Masters of Science by Research Student). See contact details 

below: 

Dr. Daniel Robbins 

School of Sports Therapy and Rehabilitation 

University of Bedfordshire 

Luton Campus 

Email: Daniel.robbins@beds.ac.uk 

Tel: 01582 749162 

 

Sarah Stewart 

Email: Sarah.Stewart1@study.beds.ac.uk  

Mobile: 07341 861987 

 

Many Thanks, 

Dr. Daniel Robbins & Sarah Stewart 

 

mailto:Daniel.robbins@beds.ac.uk
mailto:Sarah.Stewart1@study.beds.ac.uk
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Appendix 3: Informed Consent 

Informed Consent Form               

Investigating the Influence of Tape Application on Static Assessments of Foot Posture 

(Clinical Biomechanics) 

 

Name of Researcher: Sarah Stewart 

Name of Supervisors: Dr. Daniel Robbins, Richard Moss & Dr. John McCarthy 

 

Healthy Volunteer’s Consent Form 

 

Please read this form and sign it once the above named have explained fully the aims and 

procedures of this research to you. 

 I voluntarily agree to take part in this research. 

 I confirm that I have been given a full explanation by the above named and that I have 

read and understood the information sheet given to me. 

 I have been given the opportunity to ask questions and discuss the study with the above 

researcher or supervisors on all aspects of the study and have understood the advice 

and information given thus; 

1. I agree to comply with the reasonable instructions of the supervising researcher 

and will notify him/her immediately of any unexpected unusual symptoms or 

deterioration of health. 

2. I authorise the researcher to disclose the results of my participation in the 

research by not my name. 

3. I understand that information about me recorded during the study will be kept in a 

secured database. If data is transferred to others it will remain anonymous. 

4. I understand that I can ask for further instructions or explanations at any time. 

5. I understand that I am free to withdraw from this research at any time, without 

having to give a reason for withdrawing. 

6. I confirm that I have disclosed relevant medical information before this research 

commences. 

Participants Name: 

Participants Signature:     Date: 
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Appendix 4: Risk Assessments 

Appendix 4.1: Risk Assessment for Room A001 
 

 

 

 



91 
 

Appendix 4.2: Risk Assessment for Pressure Plate 
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Appendix 4.3: Risk Assessment for Physical Activity 
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Appendix 5: Medical Screening Form 

Medical Screening Form                 

Investigating the Influence of Tape Application on Static Assessments of Foot Posture 

(Clinical Biomechanics) 

Name of Researcher: Sarah Stewart 

Name of Supervisors: Dr. Daniel Robbins, Richard Moss & Dr. John McCarthy 

 

It is important when having volunteered to participate for this research that you have answered 

the following questions: 

Name: 

Age:       Gender: M / F 

 YES NO 

Are you/could be pregnant or given birth in the past 6 months?   

Are you recovering from an illness? Such as; common cold, influenza etc.   

Have you had surgery within the past 6 months?   

Have you ever been diagnosed with a heart/circulatory condition? Such as; 
Angina, High Blood Pressure, Cardiac Arrhythmia, Aneurysm etc. 

  

Are you currently fitted with a pacemaker?   

Have you ever been diagnosed with a breathing/respiratory condition? Such 
as; Asthma, COPD etc.  

  

Have you ever been diagnosed with a brain injury or neurological condition? 
Such as; Parkinson’s Disease, Epilepsy, Stroke 

  

Do you suffer from blackouts, fainting or dizziness?   

Do you have a bone or joint problem that could be made worse by a change 
in your physical activity level? 

  

Have you had any lower limb musculoskeletal injuries in the past 18 months?   

Do you have any allergies towards adhesive products such as plasters?   

Do you have any allergies towards ultrasound medium/gel?   

Is your Doctor currently prescribing you any regular medication?   

Is there any other reason(s) why you should not participate in physical 
activity? 

  

 

If you have answered YES to any of the questions, please provide more details: 

………………………………………………………………………………………

……………………………………………………………………………………… 

All questions have been answered to the best of my knowledge and I have read, understood 

and completed this questionnaire. 

Participants Signature:     Date: 

Researchers Signature:      Date: 
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Appendix 6: Par-Q Form 
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Appendix 7: Latin Square Randomisation – Tape Application Method Example 

 

 

 

  

A EAB Teardrop 

B Zinc Oxide Teardrop 

C K-tape 1 

D K-tape 2 

E Sham 

Participant Number Application Order 

1 No Tape A C D E B 

2 No Tape C D E B A 

3 No Tape E B C A D 

4 No Tape D A B C E 

5 No Tape B E A D C 
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Appendix 8: Equipment List for Pilot Testing 

Seca 813 Robusta Electronic Scale (Seca, Birmingham, UK),  

Seca 213 Stadiometer Height Measure (Seca, Birmingham, UK),  

Goniometer (Patterson Medical, UK),  

Washable Pen,  

A6 Piece of Card,  

Wooden Chair,  

Microsoft Office Excel 2016 (Microsoft, USA),  

Tekscan Walkway (Tekscan, Boston, USA),  

Footmat Software (Tekscan, Boston, USA),  

3D Motion Capture Markers,  

Four Hawk and five Kestrel cameras (Motion Analysis Corporation, Santa Rosa, USA),  

Cortex Version 6 (v.6.0.0.1645 64-bit, 2015, Motion Analysis Camera, USA),  

2.5cm x 5m Zinc Oxide Tape. 

IBM SPSS Statistics 22 (SPSS v.22.0.0.1, 2013, IMB, USA) 
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Appendix 9: Equipment List for Data Collection 

Seca 813 Robusta Electronic Scale (Seca, Birmingham, UK),  

Seca 213 Stadiometer Height Measure (Seca, Birmingham, UK),  

Goniometer (Patterson Medical, UK), two x Apple iPad Air 2 (Apple, USA),  

Washable Pen,  

A6 Pieces of Card,  

Wooden Chair,  

Microsoft Office Excel 2016 (Microsoft, USA),  

Tekscan Walkway (Tekscan, Boston, USA), 

Footmat Software (Tekscan, Boston, USA),  

3D Motion Capture Markers,  

5cm x 5m Zinc Oxide Tape,  

5cm x 5m Elastic Adhesive Bandage Tape,  

5cm x 32m K-Tape,  

Apple iPad Air 2 (Apple, USA), 

ImageJ (Image Processing and Analysis in Java) Software, 

IBM SPSS Statistics 22 (SPSS v.22.0.0.1, 2013, IMB, USA) 

JASP Stats (JASP c.0.9.2, 2018, Amsterdam) 
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