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Abstract 

 ..............................................................................................................................  

Background and Objective: Stability is a complex motor task and ankle 

stability is vital in maintaining the balance of our body. However, the defect of 

the foot arch, pes planus is found to compromise the ankle stability. The other 

co-existing factor alongside with pes planus, which are Achilles tendon 

contracture (ATC) and posterior tibial tendon dysfunction (PTTD) were reported 

to have a negative impact on the ankle instability as well. Therefore, the aim of 

this study is to investigate the correlation between ATC and PTTD with ankle 

instability among young adults with pes planus. 

Methods: A correlational study was conducted to investigate the correlation 

between ATC and PTTD with ankle instability among young adults with pes 

planus. Young adults from UTAR Sungai Long campus were recruited and 

screened for the presence of pes planus with Chippaux-Smirek Index (CSI) after 

obtaining their footprints. Recruited participants were screened for the presence 

of ATC with Silfverskiold test, presence of PTTD with single heel raise test 

(SHRT) and presence of ankle instability with Y balance test. 

Results: Data from 57 out of 177 participants were analyzed. Among the 57 

young adults, 31 were male and 26 were female. Pearson Chi-Square and 

Fisher’s Exact Test revealed that there was no significant relationship between 

ATC alone with ankle instability, PTTD alone with ankle instability, and both 

ATC and PTTD with ankle instability among young adults with pes planus. 

Conclusions: This study concluded that there is no significant relationship 

between ATC alone with ankle instability, PTTD alone with ankle instability, 

and both ATC and PTTD with ankle instability among young adults with pes 

planus.  

 

Keywords: pes planus, Achilles tendon contracture, posterior tibial tendon 

dysfunction, ankle instability, young adults 
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CHAPTER 1 

 

INTRODUCTION 

 

 

1.1 Background of Study 

Stability is a complex motor task which involves the integration of 

sensory information on body postures and appropriate motor response of the 

musculoskeletal system for postural control in respect to the influence of internal 

and external environment factors (Karakaya et al., 2015). It is inevitable that 

stability plays a major role in maintaining the centre of gravity of an individual 

within the base of support. However, this is unable to be achieved without a good 

stability of the ankle joint. As the first major joint that absorbs shock during the 

first contact of foot to the ground, this complex joint made stability possible 

through the anatomical advantage with stabilizing elements. Despite of this 

advantages, continuous ankle injuries occurring over the ankle will leads to 

disruption of the ankle stability, resulting in ankle instability.  

 

Ankle instability is usually characterized as sensation of “giving way”, 

where individuals often experience recurrent sprains in the ankle and is primarily 

affected by the instability of the lateral component of the ankle joint, lateral 

ligamentous instability (Santos & Liu, 2008). Through statistics, it is found that 

32% to 74% of the individuals who had history of ankle injuries tends to suffer 
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from ankle instability (Gribble et al., 2013). Followed by failure of ankle injuries 

management, these individuals are trapped in an endless cycle, whereby they are 

more prone to ankle injury due to the development of ankle instability. The 

increasing falling risk in respect to the ankle instability is negatively associated 

to the increasing occurrence of ankle injuries, where these individuals tend to 

develop habitual ankle sprains more easily than the others. Several studies had 

found that there is an association between the stability of the ankle with the 

arches of the foot, especially individuals with pes planus. Stability among these 

individuals were compromised with significant decrease found in both static 

stability and dynamic stability, and even worst with the exclusion of visual input 

(Tahmasebi et al., 2015; Sung et al., 2017; Koshino et al., 2020; Adegoke et al., 

2021; Marouvo et al., 2021). Furthermore, this has increased the risk of injury 

among these individuals where they are found to encounter ankle sprains and 

recurrent ankle sprains more frequently than the individuals with other types of 

foot arch (Mei-Dan et al., 2005). 

 

Pes planus, more commonly referred as flat foot, is a condition which is 

characterized by the decreased or absence in the height of the medial longitudinal 

arch of the foot and is usually occurred alongside with excessive pronation of 

the foot (Tahmasebi et al., 2015; Sharma & Upadhyaya, 2016).  It is evaluated 

that 20% to 37% of the populations worldwide are found with this foot deformity 

(Raj et al., 2022). By further investigating into the young adult populations, the 

prevalence shows a percentage of 11.25% to 20% (Bhoir et al., 2014; Khadanga 

& Kumar, 2022). As a result of the collapse of medial longitudinal arch of the 

foot, the healthy biomechanics of the foot structure are altered in response to the 
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compensatory mechanism of the body to neutralize the deformity. In such, study 

conducted by Sung et al. (2017) found that there is significant difference on the 

threshold level (F=369.23, p=0.001) and group interactions with threshold 

(F=6.72, p=0.01) between individual with normal feet and individual with pes 

planus during leg standing with contralateral hip and knee in flexed position. In 

addition, Sharma & Upadhyaya (2016) found that pes planus is significantly 

influencing on the running performance of these individuals, especially on short 

explosive events such as sprinting where huge amount of stress is placed on the 

foot musculature. 

 

Not only the presence of this defect in foot arch had influenced the 

stability of the ankle and normal biomechanics, but also the physical activity and 

fitness level of the individual. Truszczyńska-Baszak et al. (2017) had observed 

that there is a greater number of participants with the lowered foot arches and 

pes planus falls in the group of minimum or moderate physical activity level. 

Young adults of the age 18 to 25 years old often are engaged in physical activities 

and sport events where stability plays a major role for fall prevention. This 

physically activities avoidance may be greatly associated with ankle instability 

that persist within these individuals, resulting phobia to develop as self-

protecting mechanism. They will inhibit themselves to involve in any activities 

that will lead to reoccurrence of ankle sprains unintentionally. This phenomenon 

is observed in study conducted by Furgał & Adamczyk (2008) where the 

individuals showing greater prevalence of pes planus were the children whom 

restricted themselves from outdoor activities during their physical exercise 



4 

 

classes. The reduction of physical activity level will further lead to the increase 

of body mass index (BMI), which cause further deterioration on the foot arch. 

 

Although based on the literature review, pes planus is the major factor 

that affecting on the stability of the ankle. However, it is found that other 

associating factors may increases the risk of ankle instability to develop 

especially among these individuals as well. Factors that co-exist with pes planus 

such as Achilles tendon contracture (ATC) and posterior tibial tendon 

dysfunction (PTTD) are found to result in an increasing risk of ankle pain and 

ankle injury (Cheung et al., 2006; Endo & Sakamoto, 2014; Bubra et al., 2015; 

Wang et al., 2022). The prolong adaptation by our body in response to 

compensate this alteration will consequently causes the development of ankle 

instability.   

 

ATC is the shortening of the Achilles tendon, resulting in the reduction 

in range of motion of the ankle joint and subtalar joint. As mentioned by Hill 

(1995), 96.5% of the patients with presence of Achilles tendon contracture had 

shown restricted dorsiflexion over the ankle, causing compensation to occur 

during gait where injury over the ankle may occur as these individuals failed to 

stabilize themselves due to the restricted range of motion over the ankle. This 

poor stabilization is observed in study conducted by Endo & Sakamoto (2014), 

where these individuals exhibit significant reduction in reach distance during the 

execution of Star Excursion Balance test (SEBT).  Furthermore, this contracture 

is found to be one of the risk factors associated to the development of pes planus 
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where this shortening is present in all the teenagers with pes planus in the 

experimental group with a prevalence of 77% (Reimers et al., 1995). 

 

 Posterior tibial tendon, as a foot invertor, it is vital in maintaining the 

medial longitudinal arch of the foot and stabilizing the hindfoot preventing the 

development of valgus deformity (Lin et al., 2015). Dysfunction in this tendon 

will be referred as PTTD, or sometimes also referred as posterior tibial tendon 

insufficiency. Since the maintainer of the medial longitudinal arch is disrupted, 

this dysfunction will be further progressed and leads to the development of pes 

planus. The development of PTTD may influences the functional capacity and 

stability of an individual. According to research conducted by Kulig et al. (2015), 

it is observed that women with PTTD performed lesser maximal height during 

single-leg heel raises and difficulty in performing unipedal standing balance test 

(USBT) where most of them either failed to attain in the posture or with greater 

grade of postural sway. To add on, the swing phase of these affected individuals 

tend to exhibit more prominent medially shifted pattern for the center of pressure 

compare to the others (Wang et al., 2022). This fluctuation of the stability within 

the individuals with PTTD may be greatly associated to ankle instability that 

develops as a result of the defect in the foot arch. 

 

 Although these underlying factors may be thought as driving key factors 

which contributing to the greater risk of ankle instability to occurred in 

individuals with pes planus, considerations in managing these underlying factors 

in pes planus treatment should be taken in action as well. However, the 
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correlation between these factors in relation to ankle instability in individual with 

pes planus is poorly studied and no studies had been conducted to test and 

discussed that these factors may be a major issue to the higher prevalence of 

ankle instability among young adults with pes planus than young adults with 

healthy feet. Hence, this study is conducted to prove that ATC and PTTD are 

correlated to increasing risk of ankle instability to developed among young 

adults with pes planus, as well as to compare in between the correlation of these 

two underlying conditions in which will poses greater risk for the development 

of ankle instability to occur among young adults with pes planus. 

 

1.2 Objective of Study 

1.2.1 General Objective 

The general objective of this study was to determine the correlation of ATC and 

PTTD with ankle instability in young adults with pes planus. 

 

1.2.2 Specific Objectives 

The specific objectives of this study were as follow:  

1. To determine the correlation of ATC with ankle instability in young 

adults with pes planus. 

2. To determine the correlation of PTTD with ankle instability in young 

adults with pes planus. 

3. To compare the correlation of ATC and PTTD with ankle instability in 

young adults with pes planus. 
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1.3 Research Question 

The research questions of this study were as follow:  

1. Is there significant relationship between ATC and ankle instability in 

young adults with pes planus? 

2. Is there significant relationship between PTTD and ankle instability in 

young adults with pes planus? 

3. Is there significant relationship between both ATC and PTTD with ankle 

instability? 

 

1.4 Hypothesis 

1.4.1 Null Hypothesis, H0 

1. There is no correlation between ATC with ankle instability in young 

adults with pes planus. 

2. There is no correlation between PTTD with ankle instability in young 

adults with pes planus. 

3. There is no correlation between both ATC and PTTD with ankle 

instability in young adults with pes planus.  

 

1.4.2 Alternate Hypothesis, H1 

1. There is correlation of ATC with ankle instability in young adults with 

pes planus. 

2. There is correlation of PTTD with ankle instability in young adults with 

pes planus. 
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3. There is correlation between both ATC and PTTD with ankle instability 

in young adults with pes planus.  

 

1.5 Operational Definition 

1. Pes planus: A type of foot deformity where the curvature of medial 

longitudinal arch of the foot appears more flat than normal foot, causing 

the sole of the foot came into partial or complete contact with the 

supporting surface (Lovett & Dane, 1896) 

2. Ankle Instability: A condition in which individuals will experience 

recurrent sprains or sensation of “giving way” at the ankle during 

movement (Santos & Liu, 2008).   

3. Achilles tendon contracture (ATC): An orthopaedic condition involving 

the functional tightness of which occur on the gastrocnemius-soleus 

complex. 

4. Posterior tibial tendon dysfunction (PTTD): An orthopaedic condition 

which occur due to inflammation or rupture of posterior tibial tendon. 

 

1.6 Rationale of Study 

As one of the most common foot deformities in the population, pes 

planus had been affecting the population from several aspect. Where it had been 

restricting these group of individuals from physical activity participations due to 

fear of ankle injuries with respect to the development of ankle instability (Furgał 

& Adamczyk, 2008; Truszczyńska-Baszak et al., 2017). This phenomenon is sad 

to be seen among individuals within the age group of 18 to 25 years old as this 
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period of time is the most productive years in their life. Withdrawal from 

physical activities not only will reduces the opportunity for these individuals to 

socialize around, but also negatively impacting on their health. This is because 

physical activity is vital in health maintenance, either physically or mentally. 

Apart from pes planus, the higher prevalence of ATC and PTTD are found 

associated to the increasing risk of ankle instability. In which, ATC and PTTD 

with prevalence of 77% and 13.51% respectively had been found to have a 

positive correlation with ankle instability (Reimers et al., 1995; Kohls-Gatzoulis 

et al., 2009).  

 

Based on these findings, pes planus is important to be manage among 

young adults to prevent physical activity restriction as a result of the continuous 

progression of ankle instability. Unfortunately, no data was found in regards to 

the correlation of ankle instability among young adults with the presence of ATC 

or PTTD, neither on young adults who are having pes planus. Not to mention on 

the comparison between these two variables in which will create a greater impact 

to the functional stability of young adults with pes planus. Hence, it is important 

for this study to be conducted in order to determine the correlation between the 

coexisting conditions along with pes planus, which are ATC and PTTD with 

ankle instability among young adults who are having pes planus, as well as to 

further compare in between the two coexisting orthopaedic condition to 

determine which factors will poses greater risk of ankle instability to develop 

among pes planus individual, especially among young adults. By knowing this 

knowledge gap, effective management and treatment only can be formulate in 

order to prevent and manage this drastic effect which will further harming and 
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increased the risk of injury to occur among these individuals based on the data 

obtained. Therefore, this research aim to address this knowledge gap by focusing 

on determining and comparing the correlation of ATC and PTTD on ankle 

instability among young adults with pes planus. Thus, providing better 

understanding on how ankle instability is influenced by coexisting factors of pes 

planus, the Achilles tendon contracture and PTTD, and which factors is posing 

higher risk of ankle instability to develop among young adults with pes planus.   

 

1.7 Scope of Study 

Through reviewing published articles and literature, there is lack of 

research and understanding regarding the other associating factors in addition to 

pes planus that are causing the occurrence of ankle instability among young 

adults with pes planus, as well as comparison between which conditions will 

poses greater risk to the young adults for the development of pes planus. Hence, 

this study is to address this knowledge gap by proving that ATC and PTTD are 

correlated to ankle instability among young adults with pes planus. With the 

result obtained from this study, we will be able to revise and improve the current 

treatment protocol for patients with pes planus. As a consequence, it helps to 

encourage and regain confidence for physical activity participation which had 

been restricted within these individuals due to fear of recurrent ankle injuries as 

a result of ankle instability. This is achievable as the result obtain will provide 

physiotherapists with better ideas on the correlation of other associating factors 

that are contributing to the cause of ankle instability among pes planus young 

adults. Thus, physiotherapists can include treatments to address ATC and PTTD 

when treating ankle instability patients with pes planus, hence reducing the 
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rehabilitation period for the patient and preventing instability among these 

patients to progress further that may cause devastating effect on these 

individual’s physical activity participations.  
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CHAPTER 2 

 

LITERATURE REVIEW 

 

 

2.1 Prevalence of Pes Planus  

Pes planus is one of the most common foot deformities that are observed 

across the populations despite age, gender and race. Pes planus can be either 

congenital or acquired. Congenital pes planus or flexible pes planus are often 

seen among children as it develops secondarily to ligamentous laxity and 

insufficient neuromuscular control. While acquired pes planus primary in adults 

occurred as complication secondary to PTTD, obesity, previous history of 

trauma or fracture to the foot, ligamentous laxity or arthropathy (Raj et al., 2022).  

 

Several studies have been conducted over worldwide to investigate the 

prevalence of pes planus in the population. Through these studies, we found that 

pes planus affects partial of the populations ranging from children to adults. In 

which, it is found that children to adolescents within the age range of 3 to 15 

years old have a greater prevalence of pes planus, with the result of 5% in Nigeria, 

20.1% in Southern India, 25% in Poland, 29.5% in Saudi Arabia, 44% in Austria 

and 57.5% in Eastern India (Alakija, 1979; Pfeiffer et al., 2006; Klimczak et al., 

2014; Bhattacharjee & Goswami, 2017; Senthil Prabhu et al., 2018; Alsuhaymi 

et al., 2019). On the other hand, the prevalence of pes planus in adults that are 

aged 18 years old and above was found to have a prevalence of 11.6% in 
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Nigeria,13.6% in Western India, 26.62% in Spain, 53% in females in Malaysia 

(Aenumulapalli et al., 2017; Pita-Fernandez et al., 2017; Shariff et al., 2017; 

Okezue et al., 2019). However, particular among young adults who aged 

between 18 to 25 years old, studies have found that this group of populations 

exhibits a prevalence of 11.25% to 20% with the presence of pes planus (Bhoir 

et al., 2014; Khadanga & Kumar, 2022). Moreover, pes planus occurs more 

frequently in bilateral manner rather than unilaterally. This is shown with a 

prevalence found with 11.6% of bilateral pes planus individuals, while unilateral 

pes planus with a prevalence of only 3% among young adults (Reddy & Kishve, 

2021).  

 

In speaking of gender wise, no significant difference was found between 

girls and boys in the age range of 7 to 12 where a percentage of pes planus is 

observed as 75.2% for girls and 72.6% for boys (Kachoosangy et al., 2013). 

However, this trend seems to differ as the target population changes from 

youngsters to young adults. Studies found that males tend to portraying greater 

prevalence of the presence of pes planus compared to females with a percentage 

of 6.3% for the right foot and 4.2% for the left foot, while females have lower 

prevalence of 3.6% for the right foot and 3.1% for the left foot (Igbinedion et al., 

2022). This finding is also supported by result obtained by Khadanga & Kumar 

(2022), where males shows a prevalence of 21.55% while females only shows a 

prevalence of 17.97%. 
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Furthermore, researchers found that there is a positive correlation 

between BMI with the presence of pes planus. Although not all individuals in 

the obese and overweight category present with this deformity of the foot arch, 

however, this group of people tends to have significantly higher prevalence when 

compare with individuals who arises from other BMI categories. This theory is 

supported through studies where the overweight and obese children had a 

significantly high percentage of 26.9% and 30.8% compared to underweight and 

normal-weight children with a percentage of 13.9% and 16.1% (Pourghasem et 

al., 2016). Through the review, the prevalence of pes planus seems to obtain a 

wide range of 14% to 67% among obese children, suggesting that obese or an 

increase in weight will tend to increase the prevalence of pes planus among these 

populations (Stolzman et al., 2015). On the other hand, a study conducted by 

Shariff et al. (2017) investigating female adults in Malaysia, the fattest country 

in Asia with obesity adults prevalence as high as 18.6% in 2021, found that this 

group of the population had showed statistics of 18% and 51% for an obese and 

overweight female to develop this deformity of the foot arch (Mohd-Sidik et al., 

2021). 

 

 The higher prevalence shown among individuals with greater BMI index 

are partly due to greater prevalence of withdrawal from physical activity. 

Physical activity is vital in regulating our health. Thus, reduction of 

participations will cause the increases of weight, resulting on the increase of BMI 

index. It is found that 62.5% and 39.5% of the girls and boys, whom were found 

with defect in the foot arch, are those who refuse to participate in any of the 

outdoor activities during their PE lessons (Furgał & Adamczyk, 2008). This 
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finding is supported by Truszczyńska-Baszak et al. (2017), where they found 

that the lowering of medial longitudinal arch will cause reduction in the 

participation of physical activity and fitness level of the individuals. To further 

explained, the individuals in this study who were found with greater prevalence 

of pes planus or lowered arch are those who are physically inactive. However, 

the individuals who were physically active were found free from pes planus and 

demonstrated a normal foot arch. 

 

 To summarize, factors such as gender, BMI index and physical activity 

are contributable to the increasing risk of the development of pes planus. As 

males, overweight and obese category and low physical activity level are found 

with higher prevalence of pes planus compare to females, normal BMI category 

and high physical activity level. 

 

2.2 Pathomechanics of Pes Planus 

The foot complex is structurally made up of 28 bones, forming 25 

component joints. These joints include proximal and distal tibiofibular joints, 

ankle (talocrural) joint, subtalar (talocalcaneal) joint, transverse tarsal 

(talonavicular and calcaneocuboid) joints, five tarsometatarsal joints, 

metatarsophalangeal joints and nine interphalangeal joints. These components 

permit the foot complex in both stability and mobility depending on the factors 

acting on it (Levangie et al., n.d.). According to Reeser et al. (1983), the 

maintenance of the arch of the foot during static is supported by passive 

ligamentous and osseous support (Donatelli, 1985), in which the ligaments are 
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spring (calcaneonavicular) ligament, short plantar ligaments and long plantar 

ligaments. On the other hand, bones act as the major stabilizers of the foot 

(Donatelli, 1985). However, during dynamic movements, the arrangement of the 

foot complex that resembles a closed kinetic chain caused motion at one joint 

will affects and influences the mechanisms of other joints within the chain, 

moving as a unit (Donatelli, 1985). Hence, the biomechanics of the foot is 

important to be preserved. This is because the foot plays a vital role in sustaining 

weight-bearing stress while performing various activities, providing adequate 

base of support and act as a rigid lever during push-off phase of walking, running 

or jumping, and act as shock absorber as the foot strikes the ground (Levangie 

et al., n.d.). 

 

Attributable to the abnormal falling in the medial longitudinal arch, the 

normal biomechanics of the foot is disrupted. From the context of Kodithuwakku 

Arachchige et al. (2019), individuals with pes planus have feet that are 

structurally differ from the normal individual on the rear-foot varus, which 

eventually will lead to the excessive pronation of the foot develops during weight 

bearing position. Besides, distinctive features such as deepened navicular cup, 

widened talus articular surface, talus which faced proximally and shifts of 

navicular articular surface to a higher position are prominent alterations that can 

be observed through the naked eye. These alterations are contributing cause to 

the collapsing of the medial longitudinal arch of the foot, resulting in the absence 

of foot arch in these individuals that are identified as either rigid flatfeet, where 

the loss of foot arch is seen during both non-weight bearing position and weight 
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bearing position; or flexible flatfeet, where the loss of foot arch is only seen 

during weight bearing position and the normal arch is observed during non-

weight position. In addition, a study conducted by Ledoux et al. (n.d.) had 

discovered that individuals with pes planus were found to have a significant 

increase of lateral talometatarsal angle and length of the second metatarsal. 

 

The abovementioned biomechanical alteration will hamper the foot 

health. Where Towers et al. (2003) mentioned that this alteration will lead to 

increase the flexibility of the foot compared to the normal foot, allowing more 

significant load to be absorbed. Pes planus individual had shown a noticeable 

increase of hindfoot eversion, peak forefoot plantarflexion, forefoot abduction, 

internal rotation of tibial, rearfoot eversion excursion, rearfoot eversion velocity, 

subtalar joint eversion; while showing a reduction in peak forefoot adduction 

and forefoot abduction during toe-off phase (Levinger et al., 2010; 

Kodithuwakku Arachchige et al., 2019). In addition, it is reported that this 

altered alignment of the foot will influence the muscle strength of the intrinsic 

foot muscles, which are abductor hallucis, flexor hallucis brevis, flexor 

digitorum brevis, and interosseous muscles (Jung et al., 2011). Whereas it is also 

found that the foot pressure is more concentrated at the second and third 

metatarsal areas when compared to the normal foot during dynamic activities. 

This altered plantar pressure distribution is more prominent to be seen during 

quiet standing, creating an impact on the stability of these individuals which 

subsequently exposing these individual to greater risk of lower limb injuries 

(Periyasamy & Anand, 2013; Kim, 2015). 
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 Hence, the development of pes planus not only causes a defect on the 

medial longitudinal arch, but on the rearfoot angle as well. This causes the foot 

to appear excessively pronated. However, this deformity had an impact on the 

overall foot health as well, especially the intrinsic foot muscles. Due to the 

collapse of foot arch, the distribution of weight is significantly influenced, which 

is not in the biomechanical advantage.  

  

2.3 Complications of Pes Planus 

Although pes planus may seem to be just the malalignment of the medial 

longitudinal arch of the foot. However, as mentioned above, a small defect in the 

ankle foot will causes drastic effect which influences the other parts of the joint 

as well, where 68.3% of the affected individuals are experiencing functional 

limitation (Benedetti et al., 2011). Thus, sequelae of the pes planus will cause 

negative impact on an individual’s quality of life (QOL), functional disability 

and mental health. According to study conducted by Gonzalez-Martin et al. 

(2018), participants are found to have significant reduction in QOL and 

functionality through Foot Health Status Questionnaire (FHSQ) and Foot 

Function Index (FFI) questionnaires.  Furthermore, Dabholkar & Agarwal (2020) 

found that pes planus individuals have a total disability percentage ranged 

between 21% to 65%, in 34% is classified as pain and stiffness, 37% is classified 

as activity limitation and 37% is classified as social domains. In which, activity 

limitation was further proven by Furgał & Adamczyk (2008) where these group 

of individuals tend to restrict themselves in participating any of the physical 

activities. On the other hand, it is also studied that pes planus will compromise 

the stability of an individual, leading to mild, moderate and severe ankle injuries.  
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Ankle injuries are one of the injuries that occurs most frequently among 

the populations, despite being physically active or inactive. Based on Cooke 

(2003), ankle sprain made up 3% to 5% of the incidences in Emergency 

Department in United Kingdom, equivalent to 5600 incidences daily. According 

to (Hølmer et al., 1994), there was approximately 36000 ankle injuries happened 

annually in Denmark, where 45% occurred during sports activity, 20% during 

play and 16% during work. Among athletes, ankle is found to be the body part 

which sustained injury most frequently, with a percentage of 34.3% out of 70 

sports where 76.7% are compromised by ankle sprain and 16.3% as ankle 

fracture (Fong et al., 2007). Thus, we can conclude that ankle injury is common 

to occur, nevertheless among the pes planus individuals whom came with 

biomechanically disadvantages. The instability in these individuals as a result of 

the altered alignment in foot has exposing these individuals to develop ankle 

injuries more easily. In which, it is reported that out of 99 ankle injuries, 14.1% 

of these patients suffered from pes planus as well (Michelson et al., 2002). 

According to Mei-Dan et al. (2005), they found that soldiers with pes planus 

poses greater frequency of ankle sprains and recurrent ankle sprains with risk 

ratio (RR) of 2.9, p < 0.05 and RR of 10.3, p < 0.05 respectively, compared to 

soldiers with normal feet or pes cavus.  

 

The loss of medial longitudinal arch does not only affect the ankle joint 

of the affected individual, but also affecting the knee joint as well. With the 

presence of this defect, individuals tend to compensate this defect with excessive 

pronation. Thus, leading to the appearance of genu valgum, or more commonly 

known as “X leg”. With reference to N. AlKhouli et al. (2017), researchers found 
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out that significant increase of the Q-angle is observed from individuals with pes 

planus when compared to normal individuals. This significant increase of the Q-

angle found among the participants is problematic, as these individuals tends to 

suffer from knee injuries more easily than the others. In which, studies found 

that the increasing Q-angle had subsequently increases the risk of patella 

subluxation as well, which will further lead to the development of knee pain 

slowly among the affected individuals. This is proven by study conducted by 

Han et al. (2017), where the presence of heel valgus that is associated with pes 

planus has increases the Q-angle, which indirectly fluctuates the risk of patella 

subluxation.  

 

Moreover, it is found that pes planus is commonly associated with other 

forms of musculoskeletal disease and deformities. In which, conditions such as 

hallux valgus, plantar fasciitis and back pain are commonly occur alongside with 

pes planus. Through studies, we had found that there is an association between 

the prevalence of hallux valgus and pes planus, where a negative correlation was 

found by Atbaşı et al. (2020) in between hallux valgus angle and calcaneal pitch 

angle. Calcaneal pitch angle below the normal range of 20º to 32º had been 

indicated with the presence of pes planus. This is due to the increased in loading 

at the medial and plantar aspect of the first ray during heel off, which is the result 

of increased pronation of the first ray, thus leading to the formation of hallux 

valgus (Ray et al., 2019). Furthermore, Park et al. (2018) had found that there is 

an association between pes planus and plantar fasciitis, where plantar fascia is 

found to have significant increase in thickness as compared to the normal arch 

foot, resulting in decrease of muscle strength, poses increase risk of plantar 
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fasciitis to occur. On the other hand, low back pain had always been troubling 

15% to 45% of the adults worldwide (World Health Organization., 2013). 

However, individuals with pes planus are more like to encounter acute low back 

pain and chronic low back pain by 3.28 times and 4.5 times more (Almutairi et 

al., 2021). In which, low back pain is found to have high prevalence of 65.9% 

among pes planus participants where 51.6% of them were suffering from acute 

low back pain while 48.4% of them were suffering from chronic low back pain 

(Almutairi et al., 2021). 

 

Based on the above findings, pes planus will bring drastic effect to the 

affected individuals not only at the foot, but it will progress from the ankle until 

the lower back of the individuals. This is due to the fact that pes planus is found 

to increase the risk of ankle injuries, knee injuries and low back pain among the 

affected individuals. In addition, the disruption of foot biomechanics at the foot 

arch will lead to the development of other deformities and musculoskeletal 

conditions. For instances, genu valgum, hallux valgus and plantar fasciitis are 

found with high prevalence among individuals with pes planus. Thus, the 

presence of this complications along with pes planus had been problematic and 

disturbing to the affected individuals in their daily living, where it is found that 

QOL of these individuals had been significant reduced.  

 

2.4 Relationship between Ankle Instability and Pes Planus  

As mentioned above, the formation of this medial longitudinal arch 

deformity has negatively impacting on the individuals from several aspects. 
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However, the most important aspect that was affected by this defect within these 

individuals is stability. Stability is vital for an individual, as without stability, 

the individual will loss balance and encounter falls that will happens more 

frequently. Whereby, studies found that poor balancing had an association with 

the occurrence of ankle injuries. In which, participants who had greater scores 

for postural sway, indicating poor balancing, are found correlated to greater 

ankle injuries rate; and these subjects are found to have approximately seven 

times more with past history of ankle sprained compared to subjects which 

obtained good balancing scores (McGuine et al., 2000).  

 

In the view of individuals with pes planus, the deformity of the foot arch 

had been a problematic factor for the balancing of these individuals, where study 

shows that 43% of these individuals are found to experience instability of the 

ankle (Dabholkar & Agarwal, 2020). This compromised aspect is said to be the 

primary factor for the cause of fall, resulting in the increasing risk and high 

prevalence of injury in lower limb, especially over ankle among individuals with 

pes planus. Several studies had found that individual with pes planus are more 

prone to instability in terms of static stability or dynamic stability, especially 

with the exclusion of visual input. These individuals are found to have significant 

decrease in stability when compare to individuals with normal arch of foot 

during the research (Tahmasebi et al., 2015; Sung et al., 2017; Koshino et al., 

2020). Through studies, Sung et al. (2017) and Marouvo et al. (2021) had found 

that there is a significant decreased in dynamic stability with the exclusion of 

visual input among the pes planus individual. Whereas, static stability was found 

to be compromised among these individuals as the displacement of center of 
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pressure (COP) was significant with p < 0.05 when compare with individuals of 

normal and high arch foot as found by Koshino et al. (2020) and a mean static 

balance measures that is significantly poorer in comparison between the pes 

planus individuals and control group where right leg was 25.70 versus 27.89 and 

left leg was 26.21 versus 28.52 was found by Adegoke et al. (2021).  

 

From studies reviewed, it is observed that stability of an individual with 

pes planus had been severely affected either static stability or dynamic stability, 

this situation is even severe without the help of visual input. The reduction in 

stability will leads to the increasing risk of ankle injury sustained among the 

affected individuals.  

 

2.4.1 Associating Factors – Achilles Tendon Contracture (ATC) 

ATC is the functional tightness of gastrocnemius-soleus complex, 

causing reduction in length of the Achilles tendon. This shortening of the 

gastrocnemius-soleus complex may be the contributing factors for the formation 

of pes planus. According to Joseph et al. (2022), they described that ATC as one 

of the causal factors for the development of Type II flexible flat foot other than 

conditions that is associated with general ligamentous laxity such as Down’s 

syndrome and Marfan syndrome. This is supported by findings found by 

Reimers et al. (1995), where Achilles tendon shortening is found present among 

all participants of teenagers with pes planus with a prevalence of 77% among 

adolescences age ranging from 11 to 17 years old, whereas among children age 

ranging from 2 to 5 years old is found to have a prevalence rate of 24%.  



24 

 

This shortening occurs within the gastrocnemius-soleus complex will 

creates negative impact by restricting the range of motion available over the 

ankle joint, especially dorsiflexion where it is found in 96.5% of the cases where 

heel flat is inhibited during gait cycle without any compensatory mechanism of 

the lower limb and foot (Hill, 1995; Gourdine-Shaw et al., 2010). Consequently, 

the rotation of the ankle is hindered and terminated in a shorten period. 

Nevertheless, the inertia causes the body to continues to propel forward over the 

planted foot, increasing the leveraged forces in the foot and ankle. Naturally, the 

ground reaction forces are inescapable and give this equation its balance. The 

leveraged pressures that arise are higher and occur earlier as the tighter the 

gastrocnemius-soleus complex becomes (Amis, 2016).  

 

In addition, the tightening of this gastrocnemius-soleus complex is found 

to be positively correlated to plantar fasciitis, where the straining effect of 

Achilles tendon load acting on the plantar fascia is twice of the effect of body 

weight (Cheung et al., 2006). This, in which, indirectly compromised the 

stability of the pes planus individuals as individuals with plantar fasciitis are 

found more prone to postural sway with increasing complexity of task by p < 

0.01 compare to healthy individuals (Petrofsky et al., 2020). As a result, 

individuals who are diagnosed with gastrocnemius-soleus complex tightness are 

said to be negatively correlated to the balance of an individual as studied by Endo 

& Sakamoto (2014), where the reach distance found with SEBT were 

significantly shorten in anterior, medial and lateral direction.  
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2.4.2 Associating Factors – Posterior Tibial Tendon Dysfunction (PTTD)  

PTTD is always treated as the primary cause of adult acquired pes planus, 

as dysfunction over this tendon will impact on its support for the medial 

longitudinal arch, resulting in the collapse of arch along with excessive valgus 

deviation of the hindfoot (Abousayed et al., 2017). This happens due to the 

rupture of posterior tibial tendon that is either acute or traumatic in nature, which 

is sufficient to cause the damage on the foot arch before a complete rupture on 

the tendon had occur (Bubra et al., 2015). As the disease progresses, it will lead 

to the formation of valgus deviation, which will further progress into ATC due 

to lateral shift of the Achilles tendon from the normal axis  (Bubra et al., 2015).  

 

It is reported that PTTD had been affecting 3.3% to 10% of the 

population worldwide (Knapp & Constant, 2022). It has been a strong belief that 

PTTD is the causal factor of pes planus, whereby causal relationship seems to 

be shown in study conducted by Jahss (1991). Based on the findings, it is found 

that 100% of the patient with PTTD had pre-existing pes planus. However, study 

conducted by Kohls-Gatzoulis et al. (2009) found that among 37 participants 

with either pes planus or PTTD, five of them are encountering both the condition, 

showing prevalence of 13.51%. In which, it is contradictory to the finding from 

Jahss (1991).  

 

Out of all the complications associated with PTTD, the most significant 

reduction among these individuals with the presence of PTTD is the stability of 

their ankle. This is because the posterior tibial tendon plays an important role for 
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dynamic stabilization (Stein & Schon, 2015). Stabilization is only possible to be 

maintain with the presence of posterior tibial tendon, which is responsible for 

plantarflexion at the ankle joint, inversion at the subtalar joint, adduction and 

supination at the forefoot. During stance phase, it causes inversion over the 

hindfoot which maximizes the mechanical advantage of the Achilles tendon 

during toe off and causing adduction and plantarflexion of the navicular, thereby 

buttressing the medial longitudinal arch against disruption (Kapandji, 1970). In 

addition, part of this stabilization is achieved along with static stability 

contributed from the bony architecture and soft tissue structure. Hence, 

dysfunction occurring over the posterior tibial tendon will create an impact on 

the stability of the individual.  

 

This theory is shown through study conducted by Wang et al. (2022), 

where individuals with PTTD had exhibited pronoun medially shifted center of 

pressure patterns than the control groups during swing phase. Besides, this group 

of individuals with PTTD had exhibited more conservative and cautious postural 

strategies in respond to instability. From the result, it shows that they 

experienced significantly higher double stance ratio and anteroposterior time to 

contact percentage than the control groups. In addition, they also showed 

significant decreased in medial-lateral centre of pressure velocity, which 

indicates that center of pressure of the individuals with PTTD tends to shift 

towards to the medial boundary during swing phase. Other than stability during 

gait, the static stability of individuals with PTTD is also found to be 

compromised. This is proven with study conducted by Kulig et al. (2015), where 

participants with PTTD in the study were found to have lesser success rate in 
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performing testing USBT with prominent postural sway obtained during the test. 

Whereby, the participants with PTTD have pronoun increase of anteroposterior 

centre of pressure displacement and significant increase of medial-lateral centre 

of pressure displacement.  

 

2.5 Assessment Method  

2.5.1 Pes Planus 

Although pes planus may be symptomatic, where it causes patient to 

complain of pain over the midfoot, heel, knee, hip pain and back pain, the 

continuous progression of this deformity may eventually lead to alteration in gait 

pattern among these individuals. However, most of the cases are asymptomatic, 

where the patient may not be aware of the presence of this deformity among 

themselves (Raj et al., 2022). Thus, foot screening is vital to screen for early 

diagnosis of this deformity among the affected individuals so that management 

can be applied to prevent and slow down the development of the complications. 

 

Pes planus can be assessed either through clinical examination with the 

aid of assessment tools or through radiographic examination, which enable 

clinicians to diagnose the deformity correctly. Clinical examination that are 

available includes observation, Clarke’s Angle (CA) and Chippaux-Smirek 

Index (CSI). Pes planus often presents with typical presentations where 

examiners can easily diagnose through observing the symptoms that pes planus 

individuals exhibit. On observation, the examiner will evaluate and compare 

both sides of the foot in weight-bearing and non-weight-bearing position (Raj et 
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al., 2022). For flexible pes planus, the arch of the foot can be observed during 

non-weight-bearing positions. However, this arch of the foot will be 

unnoticeable as it disappears along with the transfer from non-weight bearing 

position into weight-bearing position on the foot (Raj et al., 2022). Moreover, 

the “too many toes” sign will be observed from the posterior view due to the 

excessive pronation that occurs as a result of the compensatory mechanism of 

the deformity (Raj et al., 2022).  

 

Additionally, footprint printing is another alternative choice for the 

diagnosis of pes planus. With the use of angles obtained from the footprint of an 

individual such as CA and CSI, more accurate interpretation and diagnosis are 

able to be achieved in clinical settings without the use of expensive diagnostic 

tools. CA is the angle formed by the tangent at the medial margin of the footprint 

and the line straight line connecting the medial border of the foot and the contact 

point of the medial tangent to the forefoot (Pauk et al., 2014). According to 

Hegazy et al. (2022), CA demonstrates a higher sensitivity of 98.4%, specificity 

of 98.8% and intra-rater reliability of intraclass correlation coefficient 

(ICC)=0.99. Hegazy et al. (2021) also added that CA show greater validity than 

foot posture index-6 (FPI-6). However, this advantage does not appear to be the 

same when comparing CA with CSI. The study conducted by Gonzalez-Martin 

et al. (2018), found that CSI is capable to detect a higher prevalence of pes planus 

than CA where the sensitivity and specificity are found to be high as 87.6% and 

88.4% (Chen et al., 2011). CSI of an individual is the product of 100% and the 

ratio of the widest part of the forefoot and the narrowest part of the midfoot 

(Tománková et al., 2015). An individual is classified as having pes planus if the 
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CSI value obtained is equal or greater than 45%. Apart from that, CSI is able to 

further classify the severity level of an individual into 3 different degrees, which 

are 1st degree, 2nd degree and 3rd degree with CSI value of 45.0% - 50.0%, 50.1% 

- 60.0% and 60.1% - 100.0% (Tománková et al., 2015).   

 

For radiographic examination, weight-bearing lateral radiographs is the 

best view diagnosis and remains as the gold standard along with findings which 

are Meary’s angle (MEa) and calcaneal inclination (CIa) (Raj et al., 2022). MEa 

is the angle formed between the 1st metatarsal and lateral talus from the lateral 

radiographs, while CIa is the angle formed between calcaneal inclination axis 

and the supporting surface. Pes planus is indicated if the values for MEa and CIa 

is greater than 4º and lesser than 18º (Al-Khudairi et al., 2019; Raj et al., 2022). 

 

2.5.2 Ankle Instability 

There are various ways to detect the ankle stability of an individual. In 

which tests that are commonly applied in the clinical settings are such as Balance 

Error Scoring System (BESS), SEBT and Y Balance test. However, out of these 

tests, Y balance test is frequently applied in most of the research due to its high 

reliability and easy accessibility to be conducted. Although BESS had been 

reported to have moderate to good reliability, even with large differences such 

as concussion and fatigue exist. However, when these differences become more 

subtle, this test will not be valid in defining the stability of an individual (Bell et 

al., 2011). Whereas, SEBT is a dynamic balancing test. With this aspect, it has 

increased the difficulties for examiners to accurately assess the measurement and 
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the criteria in determining the need to repeat the test (Plisky et al., 2009). As a 

result, a simplified and enhanced version of the SEBT was invented, called Y 

balance test with the use of an instrument. According to Plisky et al. (2009), the 

Y balance test shows great intrarater reliability ranging from 0.85 to 0.91 and 

interrater reliability ranging from 0.99 to 1.00. Whereas, the composite reach 

score obtained a reliability of 0.91 for intrarater and 0.99 for interrater reliability. 

 

2.5.3 ATC 

In clinical settings, examiners tend to use Silfverskiold test to assess and 

differentiate between the contracture of gastrocnemius-soleus complex and 

gastrocnemius alone. Although the Silfverskiold test is commonly used in the 

clinical settings, however, it shows poor interrater and intrarater reliability 

testing with ICC values of 0.230 to 0.791 (Molund et al., 2018). However, the 

addition of maximum angle measurement for dorsiflexion with knee in 90º 

flexion and compare with knee in full extension may demonstrate more accurate 

result compare to Silfverskiold test alone. Individuals with Achilles tendon 

contracture will demonstrate limited range of ankle dorsiflexion due to the 

tightness occur in gastrocnemius-soleus complex. In which, the angle of 

dorsiflexion with knee flexed that achieved less than 10º is indicated with the 

presence of soleus muscles contracture, which in turns indicate the presence of 

Achilles tendon contracture (Bouchard & Mosca, 2014).  
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2.5.4 PTTD 

Various ways can be used to assess the presence of PTTD among 

individuals with pes planus, such as using imaging tools like X-ray, ultrasound 

and magnetic resonance imaging (MRI). However, these screening tools are 

usually expensive and not accessible in the clinic settings where it is normal 

available only in hospitals. Thus, physical examination had been a more feasible 

method for examiners to access the presence of this dysfunction among the 

patient, which is known as single heel raise test (SHRT). According to Ross et 

al. (2021), SHRT test had achieved significant agreement between 

physiotherapist that it is most accurate test for PTTD with κ = 0.74; 95% CI: 

0.54, 0.93. Individuals are said to be SHRT test positive with the presence of 

PTTD with either failure to perform heel raise or experiencing pain and difficulty 

during this test (Berlet et al., 2021). 

 

2.6 Management for Pes Planus 

Although the presence of pes planus may not be problematic to the 

individuals. However, prolonged adaptation of the other body structure will 

eventually pose other health issues for the individual. Hence, it is crucial to treat 

this deformity before it affects other areas. Management for pes planus are often 

conducted either conservatively, or surgically.  

 

Conservative management is the first-line management, which includes 

ankle bracing, shoe insoles, foot orthotics and strengthening exercises 
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(Kodithuwakku Arachchige et al., 2019). These methods of management are 

reported to have a success rate of 67% to 90% (Abousayed et al., 2017). 

Although, despite modification in footwear had always been a myth to help in 

the arch of the foot. However, study conducted by Kanatlı et al. (2016) found 

that corrective shoes are ineffective to the development of foot arches among 

participants with pes planus. This finding is supported by review from 

Herchenröder et al. (2021), where different types of foot orthoses, such as 

custom-made foot orthoses, uniformly manufactured foot orthoses and semi-

rigid foot orthoses were used in the studies. The authors concluded that no firm 

conclusion can be drawn regarding the positive effectiveness of the use of foot 

orthosis in managing pes planus. This is due to the lack of consistency between 

the studies and the lack of randomised controlled trials in investigating the 

effectiveness of the foot orthosis in treating individuals with pes planus, and it 

is flabbergasting that foot orthosis prescription to these affected individuals had 

been a common practice among the practitioners.  

 

On the other hand, surgical management should be the last resort only 

when the conservation management fails to relieve the symptoms that exhibit, 

mainly pain. Surgical procedures that may be performed are such as soft tissue 

procedures, arthroereisis and osteotomies which are calcaneal lengthening 

osteotomy and calcaneo-cuboid cuneiform (Bouchard & Mosca, 2014).  
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2.7 Conclusion 

Pes planus is a common foot deformity which had been bothersome to 

the affected individuals in several aspects. From literature reviewed, stability of 

the individuals, especially on the young adults had been negatively impacting 

them. In which, the increasing frequency of falls and recurrent ankle injuries had 

restricted them to participate in physical activities. Thus, it is important to 

address this complication as the withdrawal from physical activities will causes 

the arising of other health problem, such as increase of BMI index. Despite the 

fact that pes planus is found greatly influencing on the stability of the individuals, 

literature had shown that there are other factors that contributing to this increase 

of ankle instability, which are ATC and PTTD. However, the prevalence and 

causal relationship of PTTD and pes planus from the literature reviewed were 

contradictory to each other. It is unclear regarding the definite relationship in 

between PTTD and pes planus. In addition, there is limited study that discussed 

and tested regarding the influence and relationship for the presence of ATC or 

PTTD on the ankle stability of the individuals. Among the available studies, the 

assessment method and standard vary across each other. There is no uniform 

standard and conclusion that can be establish among these studies for us to refer. 

Furthermore, there is no study discussed regarding the effect of ATC and PTTD 

on ankle instability among individuals with pes planus. Studies available only 

discussed the presence of pes planus alone with ankle instability, but excluded 

other risk factors that may also contributing to the increase risk of ankle 

instability. Therefore, it is important to know regarding the additional presence 

of ATC and PTTD, whether is a necessary or sufficient factor that will lead to 

the increasing risk of ankle instability among the individuals with pes planus, 
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especially among young adults. With the result obtained, a more targeting and 

effective treatment protocol other than just the use of corrective insoles alone 

can be established for the management of pes planus.   
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CHAPTER 3 

 

MATERIALS AND METHODS 

 

 

3.1 Chapter Overview 

In this chapter, the study design, study setting, study population, sample size, 

sampling method, inclusion criteria, exclusion criteria, instrumentation, 

procedure, statistical analysis and ethical approval will be presented. 

 

3.2 Study Design 

The study design used for this study was a correlational study. Correlation study 

has the capability to examine event exposure, prevalence of a particular 

condition and risk factors in a population (Elwood, 2007). Hence, this study 

design is most suitable to apply for this study as researchers seek to study the 

correlation of Achilles tendon contracture and PTTD on ankle instability among 

young adults with pes planus. Quantitative data were collected by obtaining the 

data of foot arch, contracture of Achilles tendon contracture, PTTD and ankle 

instability through series of testing on the participants. 

  



36 

 

3.3 Study Setting 

This study is conducted at Physiotherapy Exercise Laboratory (KA102), located 

at 1st floor of KA Block, Universiti Tunku Abdul Rahman (UTAR), Sungai Long 

campus.  

 

3.4 Study Populations 

The study populations that were selected in this study are young adults between 

the age of 18 to 25 years old with pes planus. These young adults included 

students who are pursuing their studies in foundations, bachelor degrees, and 

masters. 

 

3.5 Sample Size 

The sample size for this study was calculated by using the formula developed by 

(Krejcie & Morgan, 1970). The formula is as shown as below: 

𝑠 =
𝑋2𝑁𝑃(1 − 𝑃)

𝑑2(𝑁 − 1) + 𝑋2𝑃(1 − 𝑃)
 

Where,  

s = required samples size  

X2 = the table value of chi-square for 1 degree of freedom at the desired 

confidence level (3.841)  

N = the population size 

P = the population proportion (assumed to be .50 since this would provide the 

maximum sample size)   
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d = the degree of accuracy expressed as a proportion (.05) 

The population size of this study is 7104 which indicated the total number of 

undergraduates in UTAR Sungai Long campus. With consideration of 

participants who might drop out from the study, 10% of the attrition rate is added 

to our sample size. Through calculation, the required sample size is calculated 

as 401 participants. 

 

3.6 Sampling Method 

Convenience and purposive sampling method are used in recruiting participants 

in this study. Convenience sampling method is the recruitment of participants 

who were conveniently to be access by researchers, whilst purposive sampling 

method is where the participants recruited were with specific characteristics 

defined that is relevant to the study. This combination of sampling method is a 

non-probability sample where probability of the population selection is known 

in advance, will produce result that are generalized to the subpopulations with 

the defined specific characteristics (Andrade, 2021). 

 

3.7 Inclusion Criteria 

Participants were included if they met the following criteria: 

1. Age between 18 to 25 years old  

2. Female and male 

3. Presence of pes planus either unilaterally or bilaterally  

4. Previous history of ankle injury occurred more than a month ago 
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3.8 Exclusion Criteria 

Participants were excluded if they met the following criteria: 

1. Previous history of surgery for corrections within past one month 

2. Severe pain over the ankle  

3. Acute ankle instability 

4. Presence of oedema over the ankle joint  

5. Previous history of medial collateral ligament or lateral collateral 

ligament injuries 

 

3.9 Instrumentation 

Instruments that is used for this study are stadiometer, footprint ink, A3 paper, 

basins, measuring tape, goniometer, plinth and Y balance test kit. 

 

3.9.1 Stadiometer 

 A stadiometer is an anthropometric instrument which was used to 

measure the height and weight of the participants with accuracy up to one 

decimal point. This is to access regarding the BMI index of the participants. 

Before standing on the stadiometer, participants were instructed to remove all 

the objects that may vary the measurement such as shoes, watch, handphones 

and wallet. Then, the participants were instructed to stand on the stadiometer 

against the wall while facing forward for the measurement of height and weight. 

The measurements the reading on the stadiometer were obtained and recorded in 

the participants’ assessment form (attached as Appendix G).  
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Figure 3.1: SECA Stadiometer (Mod 220). 

 

3.9.2 Footprint ink and paper 

 Footprints were used to access the footprint of the participants with the 

aim to screen for the presence of pes planus among the participants. In order to 

obtain the footprint, participants immersed their foot into the footprint ink and 

their footprints are printed on an A3 paper (297mm x 420mm). At the same time, 

it acts as a screening tool to exclude participants who are free from pes planus. 

The footprint ink was made with mixture of poster colour inks and water while 

ensuring that the viscosity of the ink is high and not too watery throughout the 

data collection period as it will affect the footprint and CSI value. 

 

Figure 3.2: A3 Paper.  
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Figure 3.3: Poster Colors for the Footprint Ink. 

 

3.9.3 Basin 

 Two basins were used in this study. Where one of the basins was used to 

filled with the ink for the footprint printing, while the other basin was filled with 

clear water to allow the participants to wash their feet after printing their 

footprints.  

 

Figure 3.4: The Basin on the Left contains Clean Water while the Basin on 

the Right contains the Footprint Ink. 

 

3.9.4 Measuring tape 

 A measuring tape with maximum of 150 cm was used in this study. The 

measuring tape was used for 2 purposes, which are for the footprints and for the 

limb length. For the footprint, it is used to measure the length of narrowest width 
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of the foot arch (A) and the length of the widest width of the metatarsals (B). 

While taking the readings of these measurement, the measuring tape is ensured 

that the two lengths were parallel to each other for accurate data production. 

These recorded measurements were obtained by measuring from the footprints 

printed by the participants and were used in order to obtain the CSI value and 

classification of the foot arch. On the other hand, the limb length of the 

participants was obtained through measurement with the use of the measuring 

tape. The measuring tape was place on the two reference points, the ASIS and 

medial malleolus of the participants.  

 

Figure 3.5: Measuring Tape. 

 

3.9.5 Goniometer 

A goniometer with two arms, distal arm and proximal arm, and a fulcrum 

with scale that can extend from 0º to 360º on full circles mode. The goniometer 

was used in this study to obtain the angle of ankle dorsiflexion of the participants 

during knee flexed and knee extension on both right and left sides of the ankle. 

The angle of dorsiflexion was measured by placing the goniometer on the lateral 

aspect of the ankle, where the fulcrum was placed on the distal lateral malleolus, 

proximal arm place parallel to the imaginary line from lateral malleolus to fibular 
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head and distal arm was placed parallel from lateral malleolus to the central of 

the 5th metatarsal head. 

 

Figure 3.6: Goniometer. 

 

3.9.6 Plinth 

 One plinth was used during the measurement of limb length and 

dorsiflexion angle. The limb length was obtained when participants is in supine 

lying position which is used for the calculation of balancing composite score. 

Whereas, for the measurement of dorsiflexion angle to test the present of 

Achilles tendon contracture, it is used to position participants in supine lying 

throughout this measurement taking.  

 

Figure 3.7: Plinth. 
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3.9.7 Y Balance Test Kit 

A Y balance test kit was used in this study in order to conduct the Y 

balance test and to determine the stability of the participants. The Y balance test 

kit consisted of three pipes in three different direction, which are anterior, 

posteromedial and posterolateral. Both posterior pipes were positioned 135º 

away from the anterior pipe while 45º is kept in between the posterior pipes. 

 

Figure 3.8: Y Balance Test Kit. 

 

3.10 Procedure 

 After obtaining ethical approval from UTAR Scientific and Ethical 

Review Committee (SERC), the process of data collecting began and lasted for 

2 weeks. Young adults who are currently enrolled in any undergraduate 

programmes in Sungai Long campus of UTAR were approached through 

physical recruitment and online platforms with poster promotion (Figure 3.9) 

such as WhatsApp, Instagram and Microsoft Teams.  
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Figure 3.9: Poster used for Participant Recruitment. 

 

The registered participants where then added into a WhatsApp group 

where the date, venue and instructions prior attending the data collection were 

announced through. This research was carried out in Physiotherapy Exercise 

Laboratory (KA102), 1st floor, KA Block, UTAR Sungai Long Campus and 

lasted for 8 days. Before the start of the procedure, a briefing regarding the 

overall research procedure was given to the participants. Afterwards, the consent 

form and demographic data was distributed to the participants to fill in with the 

use of google form (attached as Appendix F) as to proved that they are willing 

to take part in this research and to provide necessary information that are 

required for the use of data analysis. Participants were then led to take 

measurements of their height in meters and weight in kilograms, the 

measurements were recorded down as shown in Figure 3.10. The BMI index of 

the participants were then calculated with the use of the measurement obtained 

by applying the formula, 𝐵𝑀𝐼 =
𝑚𝑎𝑠𝑠 (𝑘𝑔)

ℎ𝑒𝑖𝑔ℎ𝑡2 (𝑚)
. Afterwards, the dominant side of 

the participants was determined and identified first through a simple testing by 
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pushing the participant from the back and observed the side of the leg which 

stepped out first to stabilized themselves. The leg which stepped out first after 

the push was determined as the dominant leg. Moving on, initial assessment was 

conducted in order to filter and eliminate individuals based on the pre-set 

inclusion and exclusion criteria. 

 

Figure 3.10: Weight and Height Measurement Taking. 

 

For pes planus screening, CSI of the individual was obtained where 

footprints of the participants were printed out first with the use of footprint ink. 

After cleaning their feet, participants stepped on the ink prepared in a basin 

(shown in Figure 3.11), then the footprints were printed by stepping on a piece 

of A3 paper with full weight bearing on both legs as in Figure 3.12 (Gonzalez-

Martin et al., 2017). Afterwards, the participants were allowed to wash their feet 

by using the prepared clean water in the basin. From the footprints, 2 values were 

obtained from the footprint: (1) length A – at the narrowest point of the foot arch 

and (2) length B – the widest width at the metatarsals (shown in Figure 3.14). 
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Then, CSI is calculated using the formula, 𝐶𝑆𝐼 =  
𝐴

𝐵
 × 100% . According to 

Onodera et al. (2008), participants with CSI of 45% or above were classified as 

pes planus and will proceed to the following stations. Whereas, participants who 

obtained below 45% were notified with their findings where 0% indicates foot 

with elevated arch, 0.1% to 29.9% was indicated with normal foot arch, 30% to 

39.9% was indicated as intermediate foot and 40% to 44.9% was indicated as 

foot with a lowered arch. 

 

Figure 3.11: Participant stepped on the Basin filled with Ink. 

 

Figure 3.12: Participant printing their Footprint in Weightbearing 

Position.  
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Figure 3.13: Example of Footprint Printed Out from the Participants. 

  

Figure 3.14: Measurement for CSI value. 

 

For the participants who met the criteria to proceed, they were brought 

to the first station which is to assess for the presence of ATC. ATC was assessed 

through measuring the angle of dorsiflexion of the participants during knee 

flexed and knee extended position. Participants were positioned in supine lying, 

and they were instructed to do maximum dorsiflexion with knee in 90º flexion 

Length A 

Length B 
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and full extension. The placement of the goniometer was on the lateral aspect of 

the ankle as shown in Figure 3.15 and Figure 3.16, where the fulcrum was 

placed on the distal lateral malleolus, proximal arm place parallel to the 

imaginary line from lateral malleolus to fibular head and distal arm was placed 

parallel from lateral malleolus to the central of the 5th metatarsal head. ATC was 

identified as present when dorsiflexion angle is found to be less than 10º and 20º 

when knee is in extended and flexed position (Molund et al., 2018). 

 

Figure 3.15: Position of goniometer during Knee Extension.  

 

 

Figure 3.16: Position of goniometer during Knee Flexion.  
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The second station was to assess for the presence of posterior tibial 

tendon dysfunction among these participants. SHRT was performed among these 

participants to evaluate the presence of PTTD. This test was conducted in 

barefoot, where participants will be asked to perform single leg heel raise on one 

side first, then repeatedly perform on the alternate side as shown in Figure 3.17. 

Failure to perform heel raise or experiencing pain and difficulty by the 

participant during this test was indicated as positive (Berlet et al., 2021). 

 

Figure 3.17: Participant with Their Heel Raised on Single Leg during the 

SHRT. 

 

If participants are found to have either one or both of the tested risk 

factors, they will be guided to the last station which is the balancing test. For 

participants who were found negative from both of the tested variables, they are 

allowed to leave after being notified with their findings from the previous 

stations. The balancing kit consist of three pipes for three reach direction, which 

are anterior, posteromedial and posterolateral. Both posterior pipes are places 

135º away from the anterior pipe while 45º is kept in between the posterior pipes. 
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This test was conducted with sport shoe wore. The participants pushed the reach 

indicator to the furthest distance they can reach while maintaining their testing 

foot flat on the ground as indicated in Figure 3.18, Figure 3.19 and Figure 3.20. 

The distance in between the indicator and the center of foot plate is measured 

and recorded down. A demonstration was performed to the participants, then the 

participants will be allowed with six trials per foot prior actual testing to practice 

and familiarize with the test. For the start of the test, participants should perform 

three trials on each foot from same direction for both feet and repeating to the 

subsequent direction, this action is to enhancing the consistency of the test 

(Plisky et al., 2009). The participant was considered to fail the test if they failed 

to maintain balance during unilateral stance on the platform, failed to maintain 

reach foot contact with the reach indicator during movement, using the reach 

indicator to support during stance or failed to return the free foot to starting 

position under control; repetition or termination of the test is then required. 

 

Next, the lower limb length was measured as well in order for the 

calculation of composite score. Participants were positioned in supine lying, 

after performing pelvic squaring by raising the hip of the participants of the 

plinth and place it back down with knee extended (Figure 3.21). The true length 

of the participants’ limb was measured in centimetres with taking reference point 

of anterior superior iliac spine (ASIS) and distal tip of medial malleolus (Figure 

3.22). Once all measurements were obtained, the composite score was calculated 

by applying the formula as below.  
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𝐶𝑜𝑚𝑝𝑜𝑠𝑖𝑡𝑒 𝑠𝑐𝑜𝑟𝑒 (%)

= [𝑠𝑢𝑚 𝑜𝑓 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑟𝑒𝑎𝑐ℎ 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑖𝑛 3 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛𝑠

÷ (𝑙𝑖𝑚𝑏 𝑙𝑒𝑛𝑔𝑡ℎ 𝑖𝑛 𝑐𝑚 × 3)] × 100 

Participants who scores a composite score of 89.99% or below are consider to 

have poor stability, as it is proven to have a sensitivity of 100% (Butler et 

al.,2013).  

 

 

Figure 3.18: Participant performing Y balance test in Anterior Direction 

of Right Leg. 
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Figure 3.19: Participant performing Y balance test in Posteromedial 

Direction of Right Leg. 

 

 

Figure 3.20: Participant performing Y balance test in Posterolateral 

Direction of Right Leg. 
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Figure 3.21: Procedure of Pelvic Squaring before obtaining the 

measurement of limb length. 

 

 

Figure 3.22: Procedure of Limb Length Measurement on the Left Limb 

with ASIS and Medial Malleolus as Reference Point. 
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3.11 Statistical Analysis   

Data collected was computed and analysed using IBM Statistical Package for the 

Social Science (SPSS) version 26 software. The produced data findings were 

coded using Microsoft Excel. Demographic data such as age, gender, height and 

weight were analysed through descriptive statistics. Whereas, the correlation 

between the ATC and PTTD on ankle instability among young adults was 

analysed through Pearson’s Chi-Square and Fisher’s Exact Test. 

 

3.12 Ethical Approval 

This study was subjected to the ethical approval from UTAR Scientific and 

Ethical Review Committee (SERC). An ethical approval letter (Re: 

U/SERC/224/2022) was provided after the approval and it was attached in 

Appendix A. The informed consent form containing the introduction of the 

research was also attached in Appendix E. All of the participants were notified 

that their information and responses were kept confidential at all times and their 

participation in the study should be completely voluntary. Hence, participants 

preserved the right to withdraw from the study at any time and the researcher has 

no authority to reject their withdrawal. 
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CHAPTER 4 

 

RESULTS 

 

 

4.1 Chapter Overview 

In this chapter, the findings and statistical analysis will be presented. The 

demographic data of the participants is presented first, followed by the findings 

and correlation between ATC and PTTD on ankle instability.  

 

4.2 Demographic Data of the Participants 

The researchers had successfully recruited 177 participants for this study 

through physical recruitment and poster promotion via online platforms such as 

WhatsApp, Instagram and Microsoft Teams. However, only 80 of these 

participants met the criteria with history of ankle sprains which occurred more 

than a month ago, and another one of these participants had reported with history 

of medial collateral ligament or lateral collateral ligament injuries. After our 

screening session, 57 out of 79 participants were found with pes planus. Hence, 

data from the remaining 57 participants was analysed. 
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Table 4.1: Demographic Data of the Participants. 

 n (%) Mean ± SD 

n 57 (100.0)  

Age 

18 

19 

20 

21 

22 

23 

 

6 (10.5) 

6 (10.5) 

15 (26.3) 

19 (33.3) 

8 (14.0) 

3 (5.3) 

20.46 ± 1.310 

Gender 

Male 

Female 

 

31 (54.4) 

26 (45.6) 

 

Height (m)  1.67 ± 0.089 

Weight (kg)  65.43 ± 15.283 

BMI (kgm-2)  23.32 ± 4.641 

BMI Category 

Overweight and obese 

Normal 

 

20 (35.1) 

37 (64.9) 

 

Awareness for Presence of Pes 

Planus 

Unaware 

Aware 

 

 

41 (71.9) 

16 (28.1) 

 

Activity level 

None 

Moderate 

Active 

Very Active 

 

7 (12.3) 

28 (49.1) 

17 (29.8) 

5 (8.8) 

 

Sport(s) involved 

None 

Badminton 

Basketball 

Aerobic Exercises 

Martial Art 

Volleyball 

Swimming 

> 1 Sport 

 

8 (14.3) 

16 (28.6) 

9 (16.1) 

9 (16.1) 

3 (5.4) 

1 (1.8) 

1 (1.8) 

9 (16.1) 

 

Frequency of Sport(s) 

Participations 

None 

Once a week 

Twice a week 

 

 

7 (12.3) 

27 (47.4) 

9 (15.8) 
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Table 4.1: Demographic Data of the Participants (Cont’). 

≥ Three times a week 14 (24.6)  

Note: n = Total number of participants; BMI = Body Mass Index; SD = 

Standard Deviation 

 

 Table 4.1 above shows the frequency and percentage for the distribution 

of participants in the view of age, gender, BMI category, activity level, sports 

involvement and frequency of sport participation. Whereas, the distribution of 

participants in the view of age, height, weight and BMI score were presented 

with mean and standard deviation in the table.  

 

4.2.1 Age Distribution of Participants 

 
 

Figure 4.1: Distribution of Age of Participants. 

 

 Figure 4.1 above illustrates the age distribution of the participants 

involved in this study. According to Table 4.1, the age of the participants in this 

6; 11%

6; 11%

15; 26%
19; 33%

8; 14%

3; 5%

Age
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study has achieved a mean age of 20.46 ± 1.310 years. After exclusion, none of 

the participants were found to be in the age of 24 and 25 years. Majority of them 

were in the age of 21 years, which made up of 33.3% of the participants with a 

frequency of 19 out of 57 participants. Minority of the participants were in the 

age of 23 years, which made up of 5.3% of the total participants with a frequency 

of 3 out of 56 participants. Whereas, the distribution of the other age was 10.5% 

(6 participants) for age of 18 years, 10.5% (6 participants) for age of 19 years, 

26.3% (15 participants) for age of 20 years and 14.0% (8 participants) for age of 

22 years respectively.   

 

4.2.2 Gender Distribution of Participants 

 

Figure 4.2: Distribution of Gender of Participants. 

 

 Figure 4.2 presents the gender distribution of the participants involved 

in this study. According to Table 4.1, majority of the participants were made of 

male young adults which is 54.4% with a frequency of 31 participants. On the 

31; 54%

26; 46%

Gender
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other hand, female young adults had made up of 45.6% with a frequency of 26 

of the total participants. 

 

4.2.3 BMI Category Distribution of Participants 

 

 

Figure 4.3: Distribution of BMI Category of Participants. 

 

 Figure 4.3 presents the gender distribution of the participants involved 

in this study. Based on Table 4.1, the mean height and weight obtained were 

1.67 ± 0.089 kg and 65.43 ± 15.283 m. With this, the mean BMI score obtained 

with through calculation was 23.32 ± 4.641 kgm-2. By referring to Figure 4.3, it 

is observed that more than half of the participants were classified as normal with 

a frequency of 37 participants (64.9%). Whereas, 20 participants (35.1%) were 

categorized as overweight and obese with BMI value over 25 kgm-2. 
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4.2.4 Activity Level of Participants  

 
 

Figure 4.4: Distribution of Activity Level of Participants. 

 

 Figure 4.4 illustrates the distribution of activity level of the participants 

involved in this study. In reference to Table 4.1 and Figure 4.4, it can be 

concluded that majority of the participants had reported with moderate level of 

activity with a percentage of 49.1% (n=28). Whereas, the distribution for the 

other level of activity are 12.3% (n=7) without any activity, 29.8% (n=17) to be 

active and 8.8% (n=5) to be very active. 
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4.2.5 Sports Involvement by the Participants 

 
Figure 4.5: Distribution of Sports Involvement by the Participants. 

 

Figure 4.5 demonstrates the distribution of sports involved by the 

participants. By referring to Table 4.1 and Figure 4.5, it is found that majority 

of the participants were involved in badminton which had made up of 28.1% 

(n=16) in this study. Whereas, only one participant was involved in volleyball 

and swimming respectively, thus both these sports made up of 1.8% respectively. 

The remaining sports that were involved by the participants are such as 

basketball with 9 participants (15.8%), aerobic exercises with 10 participants 

(17.5%) and martial art with 3 participants (5.3%). It is found that 9 participants 

(15.8%) had reported to involved in more than one sport. However, 8 of the total 

participants (14.0%) had reported that they did not involve in any of the sport.    
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4.2.6 Frequency of Sport(s) Participations by the Participants 

 

 

Figure 4.6: Frequency of Sport(s) Participations Distribution of the 

Participants.  

 

 Figure 4.6 presents the frequency of sport(s) participations of the 

participants. Most of the participants were found to participate in their respective 

sport for once a week, where there are a total number of 27 (47.4%). While, 

minority of the participants were found to have none participants at all in a week 

by a total number of 7 (12.3%). Besides, the participants whom have sport 

participations for twice a week had reached a percentage of 15.8% (n=9), while 

participants with frequency of three or more times a week take up 24.6% of the 

total participants (n=14). 
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4.3 Outcome Measures among All Participants 

Table 4.2: Outcome Measures among All Participants 

 n (%) Mean ± SD 

n 57 (100.0)  

CSI (%) 

Right 

Left 

 

 

 

57.18 ± 14.552 

62.48 ± 14.953 

Degree of Severity (Right) 

None 

1st Degree 

2nd Degree 

3rd Degree 

 

7 (12.3) 

18 (31.6) 

14 (24.6) 

18 (31.6) 

 

Degree of Severity (Left) 

None 

1st Degree 

2nd Degree 

3rd Degree 

 

5 (8.8) 

12 (21.1) 

11 (19.3) 

29 (50.9) 

 

Leg Dominance 

Right 

Left 

 

34 (59.6) 

23 (40.4) 

 

Nature of Pes Planus 

Unilateral – Right 

Unilateral – Left 

Bilateral  

 

5 (8.8) 

7 (12.3) 

45 (78.9) 

 

ATC or PTTD 

None of ATC and PTTD 

ATC only  

PTTD only 

Both ATC and PTTD 

 

4 (7.0) 

19 (33.3) 

10 (17.5) 

24 (42.1) 

 

Ankle Stability 

Instability 

Normal 

 

37 (64.9) 

20 (35.1) 

 

Note: n = total number of participants; ATC = Achilles Tendon Contracture; 

PTTD = Posterior Tibial Tendon Dysfunction; SD = Standard Deviation. 

 

Table 4.2 summarized the general findings for CSI value, degree of 

severity, leg dominance, nature of pes planus, ATC, PTTD and ankle instability 

among all 57 participants. 
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4.3.1 Degree of Severity among Participants 

 

Figure 4.7: Distribution of Pes Planus Degree of Severity on the Right and 

Left Foot. 

 

Figure 4.7 shows the distribution of participants according to degree of 

severity on the right and left foot. From Table 4.2, it is reported that the CSI 

value of all the participants achieved a mean value of 57.18% ± 14.552 on the 

right foot and range of 54.80%. While for the left foot, it had achieved a mean 

value of 62.48% ± 14.953 on the left foot and range of 51.86%. Based on the 

CSI value, the participants were further categorized as 1st degree with CSI 

between 45.0% - 50.0%, 2nd degree with CSI between 50.1% - 60.0%, and 3rd 

degree with CSI between 60.1% - 100.0%. It is found that the participants who 

are categorized as 1st degree are 31.6% (n=18) for the right foot and 21.1% (n=12) 

for the left foot. While for the participants who are categorized as 2nd degree are 
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24.6% (n=14) for the right foot and 19.3% (n=11) for the left foot. Meanwhile, 

participants who are categorized as 3rd degree had the most number, where 31.6% 

(n=18) for the right foot and 50.9% (n=29) for the left foot. However, for the 

participants who are tested having pes planus unilaterally with CSI below 45% 

are 12.3% from the right foot and 8.8% for the left foot.   

 

4.3.2 Leg Dominance among Participants 

 

Figure 4.8: Distribution of Leg Dominance among Participants. 

 

 Figure 4.8 shows the distribution of leg dominance among the 

participants. According to the Table 4.2 and Figure 4.8, it is shown that majority 

of the participants are tested with the right foot as their dominant leg by 59.6% 

(n=34). Whereas, remaining 40.4% (n=23) of the participants had their dominant 

leg on the left side. 

 

34; 60%

23; 40%

Leg Dominance

Right Left



66 

 

4.3.3 Nature of Pes Planus among Participants  

 

Figure 4.9: Distribution of Nature of Pes Planus among Participants. 

 

 Figure 4.9 demonstrates the distribution of the nature of pes planus 

among all participants. From Table 4.2, it is found that most of the participants 

were diagnosed with pes planus as bilaterally by 78.9%. Whereas, the remaining 

12 participants were to have pes planus as unilaterally. In which, pes planus 

occurring on the right side consist 8.8% (n=5) and on the left side consist 12.3% 

(n=7).  
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4.3.4 Presence of ATC or PTTD among Participants 

 

Figure 4.10: Distribution of Presence of ATC or PTTD among 

Participants. 

 

 Figure 4.10 presents with the distribution of ATC or PTTD among all 

the participants. Based on Table 4.2 and Figure 4.10, it is observed that majority 

of the participants where tested with the presence of both ATC and PTTD with 

a frequency of 24 (42.1%). Whereas, only 4 of the participants where tested free 

from both ATC and PTTD (7.0%). Apart from that, participants who were tested 

with the presence of ATC alone is greater than participants who were tested with 

presence of PTTD alone with 19 participants (33.3%) compare to 10 participants 

(17.5%).  
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4.3.5 Presence of Ankle Instability among Participants 

 

Figure 4.11: Distribution of Presence of Ankle Instability among 

Participants. 

 

Figure 4.11 presents with the distribution of ankle instability among all 

the participants. Based on Table 4.2 and Figure 4.11, it is observed that majority 

of the participants fall in the category of ankle instability, with a percentage of 

64.9% (n=37). Whereas, the remaining 35.1% of the participants fall in the 

category of normal stability of the ankle.  
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4.4 Gender, Leg Dominance, Achilles Tendon Contracture, PTTD and Ankle Instability Distribution Among Participants based on Degree 

of Severity  

 

Table 4.3:  Distribution Among Participants Based on Degree of Severity. 

 Degree of Severity 

 Right Foot Left Foot 

 
1st Degree 2nd Degree 3rd Degree 1st Degree 2nd Degree 3rd Degree 

n 18 (100.0%) 14 (100.0%) 18 (100.0%) 12 (100.0%) 11 (100.0%) 29 (100.0%) 

CSI Value (%) 46.88 ± 0.948 53.71 ± 2.655 76.12 ± 9.542 47.02 ± 1.539 53.98 ± 2.212 75.41 ± 8.632 

BMI (kgm-2) 22.05 ± 2.887 23.62 ± 6.371 24.88 ± 4.896 22.67 ± 2.666 22.76 ± 3.529 23.99 ± 5.863 

Gender 

Male 

Female 

 

8 (44.4%) 

10 (55.6%) 

 

9 (64.3%) 

5 (35.7%) 

 

11 (61.1%) 

7 (38.9%) 

 

5 (41.7%) 

7 (58.3%) 

 

6 (54.5%) 

5 (45.5%) 

 

17 (58.6%) 

12 (41.1%) 
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Table 4.3:  Distribution Among Participants Based on Degree of Severity (Cont’). 

Leg Dominance 

Right 

Left 

 

13 (72.2%) 

5 (27.8%) 

 

9 (64.3%) 

5 (35.7%) 

 

9 (50.0%) 

9 (50.0%) 

 

10 (83.3%) 

2 (16.7%) 

 

4 (36.4%) 

7 (63.6%) 

 

16 (55.2%) 

13 (44.8%) 

ATC or PTTD 

None of ATC and PTTD 

ATC only 

PTTD only 

Both ATC and PTTD  

 

5 (27.8%) 

5 (27.8%) 

3 (16.7%) 

5 (27.8%) 

 

3 (21.4%) 

4 (28.6%) 

1 (7.1%) 

6 (42.9%) 

 

4 (22.2%) 

6 (33.3%) 

6 (33.3%) 

2 (11.1%) 

 

1 (8.3%) 

8 (66.7%) 

2 (16.7%) 

1 (8.3%) 

 

1 (9.1%) 

8 (72.1%) 

1 (9.1%) 

1 (9.1%) 

 

5 (17.2%) 

10 (34.5%) 

6 (20.7%) 

8 (27.6%) 

Ankle Stability 

Instability 

Normal 

 

12 (66.7%) 

6 (26.1%) 

 

9 (64.3%) 

5 (35.7%) 

 

8 (44.4%) 

10 (55.6%) 

 

9 (75.0%) 

3 (25.0%) 

 

5 (45.5%) 

6 (54.5%) 

 

18 (62.1%) 

11 (37.9%) 

Note: n = total number of participants; CSI = Chippaux-Smirak Index; BMI = Body Mass Index; ATC = Achilles Tendon Contracture; PTTD = 

Posterior Tibial Tendon Dysfunction. 
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 Table 4.3 presents with the findings and distribution of CSI value, BMI 

index, gender, leg dominance, nature of pes planus, presence of either ATC or 

PTTD or both, and presence of ankle instability based on the severity level of 

the participants. From the Table 4.3, it is shown that 62.1% (n=18) of the 

participants with 3rd degree of severity on the left foot had ankle instability. 

However, the participants with 3rd degree of severity on right foot show different 

finding where only 44.4% (n=8) of them are having ankle instability. 

Additionally, pes planus that occurring on the left foot showed slightly higher 

prevalence of ankle instability than the right side with 32 foots compare to 29 

foots. 
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4.5 Gender, Leg Dominance, Achilles Tendon Contracture, PTTD and 

Ankle Instability Distribution Among Participants based on Nature of Pes 

Planus 

 

Table 4.4:  Distribution Among Participants Based on Nature of Pes Planus. 

 Nature of Pes Planus 

 
Unilateral - 

Right 

Unilateral - 

Left 
Bilateral 

n 5 (100.0%) 7 (100.0%) 45 (100.0%) 

CSI (%) 

Right 

Left 

 

44.30 ± 3.846 

51.56 ± 13.13 

 

60.61 ± 14.440 

65.40 ± 14.151 

Gender 

Male 

Female 

 

3 (60.0%) 

2 (40.0%) 

 

3 (42.9%) 

4 (57.1%) 

 

25 (55.6%) 

20 (44.4%) 

Leg Dominance 

Right 

Left 

 

4 (80.0%) 

1 (20.0%) 

 

3 (42.9%) 

4 (57.1%) 

 

27 (60.0%) 

18 (40.0%) 

ATC or PTTD 

None of ATC 

and PTTD 

ATC only 

PTTD only 

Both ATC and 

PTTD 

 

1 (20.0%) 

 

3 (60.0%) 

0 (0.0%) 

1 (20.0%) 

 

1 (14.3%) 

 

3 (42.9%) 

1 (14.3%) 

2 (28.6%) 

 

2 (4.4%) 

 

13 (28.9%) 

9 (20.0%) 

21 (46.7%) 

Ankle Stability 

Instability 

Normal 

 

4 (80.0%) 

1 (20.0%) 

 

5 (71.4%) 

2 (28.6%) 

 

28 (62.2%) 

17 (37.8%) 

Note: n = total number of participants; ATC = Achilles Tendon Contracture; 

PTTD = Posterior Tibial Tendon Dysfunction. 

 

Table 4.4 summarized and compare the findings for gender, leg 

dominance, Achilles tendon contracture, PTTD and ankle instability among the 

different nature pes planus groups of 57 participants. 
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4.5.1 Pes Planus Distribution within Genders 

 

Figure 4.12: Distribution of Genders among Participants with Pes Planus. 

 

Figure 4.12 presents with the distribution of genders of participants 

among participants with different nature of pes planus. By comparing between 

both the genders, male young adults tend to have slightly higher prevalence of 

pes planus compare to female young adults. Whereby the total number of pes 

planus among male young adults had achieved 31 out of 57 participants, making 

up a percentage of 54.4%. While the total number of pes planus among female 

young adults are 26 out of 5 participants, making up a percentage of 45.6%. 

Within the males, it is observed that majority of the participants pes planus as 

bilaterally by 80.6% (n=25). While the males with pes planus that occur 

unilaterally only take up 9.7% each either on the right side or left side. By 

looking into the females, pes planus which occur bilaterally is comparative lesser 

than the males, with a percentage of 76.9% (n=20). Whereas, females with pes 
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planus that occur unilaterally take up 7.7% (n=2) on the right side and 15.4% 

(n=4) on the left side.  

 

4.5.2 Pes Planus Distribution on Dominant Side of Participants  

 

Figure 4.13: Distribution of Pes Planus on Dominant Side of Participants. 

  

Figure 4.13 illustrates the distribution of pes planus that occur on the 

dominant side of the participants. From Table 4.4, it is presented that 34 of the 

participants were tested with dominant side on the right, whereby 31 of them 

were having pes planus on the right side. In which, unilateral pes planus 

participants contributed 11.8% (n=4) and bilateral pes planus participants 

contributed 79.4% (n=27). On the other hand, 23 of the participants were tested 

with dominant side on the left, whereby 22 of them were having pes planus on 

the left side. In which, unilateral pes planus participants contributed 17.4% (n=4) 

and bilateral pes planus participants contributed 78.3% (n=18). 
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4.5.3 Presence of ATC or PTTD among Pes Planus Participants  

 

Figure 4.14: Distribution of Presence of ATC or PTTD among 

Participants with Pes Planus. 

 

Figure 4.14 illustrates the distribution of participants with the presence 

of ATC or PTTD among participants with different nature of pes planus. From 

the Table 4.4, it is found that participants who are free from both the ATC or 

PTTD are only 20.0% (n=1) from unilateral right side, 14.3% (n=1) from 

unilateral left side and 4.4% (n=4) from bilateral. Whereas, participants who had 

presence of both the ATC and PTTD are 20.0% from unilateral right side, 28.6% 

(n=2) from unilateral left and 46.7% (n=21) from bilateral. Apart from that, 

participants who had the presence of ATC alone are 60.0% (n=3) from unilateral 

right side, 42.9% (n=3) from unilateral left side and 28.9% (n=13) from bilateral. 

Lastly, participants who had presence of PTTD alone are 0.0% (n=0) from 

unilateral right, 14.3% (n=1) from unilateral left side and 20.0% (n=9) from 

bilateral. 
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4.5.4 Ankle Instability among Pes Planus Participants 

 

Figure 4.15: Distribution of Ankle Instability among Participants with Pes 

Planus. 

 

 Figure 4.15 presents with the distribution of ankle instability among the 

participants with different nature of pes planus. By referring to both Table 4.4 

and Figure 4.16 it is found that 28 out of 45 of the participants had ankle 

instability within participants with bilateral pes planus, consisting up to 62.2% 

of the bilateral pes planus participants. On the other hand, the participants with 

unilateral pes planus on right side were found to have 80% of the participants 

(n=4) had ankle instability. While, the participants with unilateral pes planus on 

left side were found to have 13.5% of the participants (n=5) had ankle instability.  
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4.6 Correlation between ATC and PTTD with Ankle Instability among all 

Pes Planus Participants  

 

Table 4.5: Correlation between ATC and Ankle Instability among all Pes 

Planus Participants. 

 Ankle Stability    

Presence of 

ATC 

Normal 

 

Instable χ2/FET df p-value 

 n (%) n (%)    

Yes 

No 

6 (31.6%) 

14 (36.8%) 

13 (68.4%) 

24 (63.2%) 

0.154 1 

 

.695 

Note: Chi-Square Test was performed.  n = number of participants; ATC = 

Achilles Tendon Contracture; df = degree of freedom. Level of significant at 

p > 0.05. 

 

 The correlation between ATC alone and ankle instability among all pes 

planus participants is presented in Table 4.5. Among participants who were 

tested with the presence of ATC alone, the prevalence of ankle instability was 

68.4% (n=13) while the prevalence of normal ankle stability was 31.6% (n=6). 

Among the participants who were tested without the presence of ATC alone, the 

prevalence of ankle instability was 63.2% (n=24) while the prevalence of normal 

ankle stability was 36.8% (n=14). Chi-square test was performed and the result 

was χ2 /FET = 0.154 and sig- χ2 (p-value) = 0.695. Since p-value is more than 

0.05, there is no significant correlation between ATC alone and ankle instability 

among all pes planus participants in the present study.  
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Table 4.6: Correlation between PTTD and Ankle Instability among all Pes 

Planus Participants. 

 Ankle Stability    

Presence of 

PTTD 

Normal 

 

Instable χ2/FET df p-value 

 n (%) n (%)    

Yes 

No 

1 (10.0%) 

19 (40.4%) 

9 (90.0%) 

28 (59.6%) 

- - 

 

.082 

Note: Fisher’s Exact test was performed.  n = number of participants; PTTD 

= Posterior Tibial Tendon Dysfunction; df = degree of freedom. Level of 

significant at p > 0.05. 

 

 The correlation between PTTD alone and ankle instability among all pes 

planus participants is presented in Table 4.6. Among participants who were 

tested with the presence of PTTD alone, the prevalence of ankle instability was 

90.0% (n=9) while the prevalence of normal ankle stability was 10.0% (n=1). 

Among the participants who were tested without the presence of PTTD alone, 

the prevalence of ankle instability was 59.6% (n=28) while the prevalence of 

normal ankle stability was 40.4% (n=19). Fisher’s Exact test was performed as 

25.0% of the cells had expected count less than 5. With this, there was no result 

obtained for χ2 /FET, while result for sig- χ2 (p-value) = 0.082. Since p-value is 

more than 0.05, there is no significant correlation between PTTD alone and ankle 

instability among all pes planus participants in the present study.  
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Table 4.7: Correlation between Both ATC and PTTD with Ankle Instability 

among all Pes Planus Participants. 

 Ankle Stability    

Presence of 

Both ATC 

and PTTD 

Normal 

 

Instable χ2/FET df p-value 

 n (%) n (%)    

Yes 

No 

11 (45.8%) 

9 (27.3%) 

13 (54.2%) 

24 (72.7%) 

2.102 1 

 

.147 

Note: Chi-Square test was performed.  n = number of participants; ATC = 

Achilles Tendon Contracture; PTTD = Posterior Tibial Tendon Dysfunction; 

df = degree of freedom. Level of significant at p > 0.05. 

 

The correlation between both ATC and ankle instability among all pes 

planus participants is presented in Table 4.7. Among participants who were 

tested with the presence of both ATC and PTTD, the prevalence of ankle 

instability was 54.2% (n=13) while the prevalence of normal ankle stability was 

45.8% (n=11). Among the participants who were tested without the presence of 

both ATC and PTTD, the prevalence of ankle instability was 72.7% (n=24) while 

the prevalence of normal ankle stability was 27.3% (n=9). Chi-square test was 

performed and the result was χ2 /FET = 2.102 and sig- χ2 (p-value) = 0.147. Since 

p-value is more than 0.05, there is no significant correlation between both ATC 

and PTTD with ankle instability among all pes planus participants in the present 

study. 

 

  



80 

 

4.7 Correlation between ATC and PTTD with Ankle Instability among 

Unilateral Pes Planus Participants  

 

Table 4.8: Correlation between ATC and Ankle Instability among 

Unilateral Pes Planus Participants. 

 Ankle Stability    

Presence of 

ATC 

Normal 

 

 

Instable χ2/FET df p-value 

 n (%) n (%)    

Yes 

No 

0 (0.0%) 

3 (50.0%) 

6 (100.0%) 

3 (50.0%) 

- - 

 

.182 

Note: Fisher’s Exact test was performed.  n = number of participants; ATC = 

Achilles Tendon Contracture; df = degree of freedom. Level of significant at 

p > 0.05. 

 

The correlation between ATC only and ankle instability among unilateral 

pes planus participants is illustrated in Table 4.8. Among participants who were 

tested with the presence of ATC alone, the prevalence of ankle instability was 

100.0% (n=6) while the prevalence of normal ankle stability was 0.0% (n=0). 

Among the participants who were tested without the presence of ATC alone, the 

prevalence of ankle instability and prevalence of normal ankle instability was 

both 50.0% (n=3) respectively. Fisher’s Exact test was performed as 100.0% of 

the cells had expected count less than 5. With this, there was no result obtained 

for χ2 /FET, while result for sig- χ2 (p-value) = 0.182. Since p-value is more than 

0.05, there is no significant correlation between the ATC alone and ankle 

instability among unilateral pes planus participants in the present study. 
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Table 4.9: Correlation between PTTD and Ankle Instability among 

Unilateral Pes Planus Participants. 

 Ankle Stability    

Presence of 

PTTD 

Normal 

 

Instable χ2/FET df p-value 

 n (%) n (%)    

Yes 

No 

3 (27.3%) 

0 (0.0%) 

8 (72.7%) 

1 (100.0%) 

- - 1.000 

Note: Fisher’s Exact test was performed.  n = number of participants; PTTD 

= Posterior Tibial Tendon Dysfunction; df = degree of freedom. Level of 

significant at p > 0.05. 

 

The correlation between PTTD alone and ankle instability among 

unilateral pes planus participants is illustrated in Table 4.9. Among participants 

who were tested with the presence of PTTD alone, the prevalence of ankle 

instability normal ankle stability was 100.0% (n=1) and prevalence of normal 

ankle stability was 0.0% (n=0). Among the participants who were tested without 

the presence of PTTD alone, the prevalence of prevalence of ankle instability 

was 72.7% (n=8) while the prevalence of normal ankle stability was 27.3% (n=3). 

Fisher’s Exact test was performed as 75.0% of the cells had expected count less 

than 5. With this, there was no result obtained for χ2 /FET, while result for sig- 

χ2 (p-value) = 1.000. Since p-value is more than 0.05, there is no significant 

correlation between the PTTD and ankle instability among unilateral pes planus 

participants in the present study. 
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Table 4.10: Correlation between Both ATC and PTTD with Ankle 

Instability among Unilateral Pes Planus Participants. 

 Ankle Stability    

Presence of 

Both ATC 

and PTTD 

Normal 

 

Instable χ2/FET df p-value 

 n (%) n (%)    

Yes 

No 

2 (66.7%) 

1 (11.1%) 

1 (33.3%) 

8 (88.9%) 

- - 

 

.127 

Note: Fisher’s Exact test was performed.  n = number of participants; ATC = 

Achilles Tendon Contracture; PTTD = Posterior Tibial Tendon Dysfunction; 

df = degree of freedom. Level of significant at p > 0.05. 

 

The correlation between both ATC and ankle instability among unilateral 

pes planus participants is presented in Table 4.10. Among participants who were 

tested with the presence of both ATC and PTTD, the prevalence of ankle 

instability was 33.3% (n=1) while the prevalence of normal ankle stability was 

66.7% (n=2). Among the participants who were tested without the presence of 

both ATC and PTTD, the prevalence of ankle instability was 88.9% (n=8) while 

the prevalence of normal ankle stability was 11.1% (n=1). Fisher’s Exact test 

was performed as 75.0% of the cells had expected count less than 5. With this, 

there was no result obtained for χ2 /FET, while result for sig- χ2 (p-value) = 0.127. 

Since p-value is more than 0.05, there is no significant correlation between the 

ATC and PTTD with ankle instability among unilateral pes planus participants 

in the present study. 
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4.8 Correlation between ATC and PTTD with Ankle Instability among 

Bilateral Pes Planus Participants  

 

Table 4.11: Correlation between ATC and Ankle Instability among 

Bilateral Pes Planus Participants. 

 Ankle Stability    

Presence of 

ATC 

Normal 

 

Instable χ2/FET df p-value 

 n (%) n (%)    

Yes 

No 

6 (46.2%) 

14 (34.4%) 

7 (53.8%) 

21 (65.6%) 

- - 

 

.511 

Note: Fisher’s Exact test was performed.  n = number of participants; ATC = 

Achilles Tendon Contracture; df = degree of freedom. Level of significant at 

p > 0.05. 

 

The correlation between ATC alone and ankle instability among 

unilateral pes planus participants is illustrated in Table 4.11. Among participants 

who were tested with the presence of ATC alone, the prevalence of ankle 

instability was 53.8% (n=7) while the prevalence of normal ankle stability was 

46.2% (n=6). Among the participants who were tested without the presence of 

ATC alone, the prevalence of ankle instability was 65.6% (n=21) while the 

prevalence of normal ankle stability was 34.4% (n=11). Fisher’s Exact test was 

performed as 25.0% of the cells had expected count less than 5. With this, there 

was no result obtained for χ2 /FET, while result for sig- χ2 (p-value) = 0.511. 

Since p-value is more than 0.05, there is no significant correlation between the 

ATC alone and ankle instability among bilateral pes planus participants in the 

present study. 



84 

 

Table 4.12: Correlation between PTTD and Ankle Instability among 

Bilateral Pes Planus Participants. 

 Ankle Stability    

Presence of 

PTTD 

Normal 

 

Instable χ2/FET df p-value 

 n (%) n (%)    

Yes 

No 

1 (11.1%) 

16 (44.4%) 

8 (88.9%) 

20 (55.6%) 

- - 

 

.122 

Note: Fisher’s Exact test was performed.  n = number of participants; PTTD 

= Posterior Tibial Tendon Dysfunction; df = degree of freedom. Level of 

significant at p > 0.05. 

 

The correlation between PTTD alone and ankle instability among 

bilateral pes planus participants is shown in Table 4.12. Among participants who 

were tested with the presence of PTTD alone, the prevalence of ankle instability 

was 88.9% (n=8) while the prevalence of normal ankle stability was 11.1% (n=1). 

Among the participants who were tested without the presence of PTTD alone, 

the prevalence of ankle instability was 55.6% (n=20) while the prevalence of 

normal ankle stability was 44.4% (n=16). Fisher’s Exact test was performed as 

25.0% of the cells had expected count less than 5. With this, there was no result 

obtained for χ2 /FET, while result for sig- χ2 (p-value) = 0.122. Since p-value is 

more than 0.05, there is no significant correlation between the PTTD alone and 

ankle instability among bilateral pes planus participants in the present study. 
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Table 4.13: Correlation between Both ATC and PTTD with Ankle 

Instability among Bilateral Pes Planus Participants. 

 Ankle Stability    

Presence of 

Both ATC 

and PTTD 

Normal 

 

Instable χ2/FET df p-value 

 n (%) n (%)    

Yes 

No 

9 (42.9%) 

8 (33.3%) 

12 (57.1%) 

16 (66.7%) 

0.432 1 

 

.511 

Note: Chi-Square test was performed.  n = number of participants; ATC = 

Achilles Tendon Contracture; PTTD = Posterior Tibial Tendon Dysfunction; 

df = degree of freedom. Level of significant at p > 0.05. 

 

The correlation between both ATC and ankle instability among bilateral 

pes planus participants is presented in Table 4.13. Among participants who were 

tested with the presence of both ATC and PTTD, the prevalence of ankle 

instability was 57.1% (n=12) while the prevalence of normal ankle stability was 

42.9% (n=9). Among the participants who were tested without the presence of 

both ATC and PTTD, the prevalence of ankle instability was 66.7% (n=16) while 

the prevalence of normal ankle stability was 33.3% (n=8). Chi-square test was 

performed and the result was χ2 /FET = 0.432 and sig- χ2 (p-value) = 0.511 Since 

p-value is more than 0.05, there is no significant correlation between both ATC 

and PTTD with ankle instability among bilateral pes planus participants in the 

present study. 
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4.9 Correlation between ATC and PTTD with Ankle Instability among Pes 

Planus on Dominant Leg of Participants  

 

Table 4.14: Correlation between ATC and Ankle Instability among Pes 

Planus on Dominant Leg of Participants. 

 Ankle Stability    

Presence of 

ATC 

Normal 

 

Instable χ2/FET df p-value 

 n (%) n (%)    

Yes 

No 

6 (31.6%) 

12 (35.3%) 

13 (68.4%) 

22 (64.7%) 

0.075 1 

 

.784 

Note: Chi-Square test was performed.  n = number of participants; ATC = 

Achilles Tendon Contracture; df = degree of freedom. Level of significant at 

p > 0.05. 

 

 The correlation between ATC alone and ankle instability among 

participants with pes planus that occur on dominant leg is demonstrated in Table 

4.14. Among participants who were tested with the presence of ATC alone, the 

prevalence of ankle instability was 68.4% (n=13) while the prevalence of normal 

ankle stability was 31.6% (n=6). Among the participants who were tested 

without the presence of ATC alone, the prevalence of ankle instability was 64.7% 

(n=22) while the prevalence of normal ankle stability was 35.3% (n=12). Chi-

square test was performed and the result was χ2 /FET = 0.075 and sig- χ2 (p-value) 

= 0.784. Since p-value is more than 0.05, there is no significant correlation 

between ATC alone and ankle instability among participants with pes planus that 

occur on dominant leg in the present study. 
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Table 4.15: Correlation between PTTD and Ankle Instability among Pes 

Planus on Dominant Leg of Participants. 

 Ankle Stability    

Presence of 

PTTD 

Normal 

 

Instable χ2/FET df p-value 

 n (%) n (%)    

Yes 

No 

1 (10.0%) 

17 (39.5%) 

9 (90.0%) 

26 (60.5%) 

- - 

 

.137 

Note: Fisher’s Exact test was performed.  n = number of participants; PTTD 

= Posterior Tibial Tendon Dysfunction; df = degree of freedom. Level of 

significant at p > 0.05. 

 

The correlation between PTTD alone and ankle instability among 

participants with pes planus that occur on dominant leg is demonstrated in Table 

4.15. Among participants who were tested with the presence of PTTD alone, the 

prevalence of ankle instability was 90.0% (n=9) while the prevalence of normal 

ankle stability was 10.0% (n=1). Among the participants who were tested 

without the presence of PTTD alone, the prevalence of ankle instability was 60.5% 

(n=26) while the prevalence of normal ankle stability was 39.5% (n=17). 

Fisher’s Exact test was performed as 75.0% of the cells had expected count less 

than 5. With this, there was no result obtained for χ2 /FET, while result for sig- 

χ2 (p-value) = 0.137. Since p-value is more than 0.05, there is no significant 

correlation between PTTD alone and ankle instability among participants with 

pes planus that occur on dominant leg in the present study. 
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Table 4.16: Correlation between Both ATC and PTTD with Ankle 

Instability among Pes Planus on Dominant Leg of Participants. 

 Ankle Stability    

Presence of 

Both ATC 

and PTTD 

Normal 

 

Instable χ2/FET df p-value 

 n (%) n (%)    

Yes 

No 

10 (45.5%) 

8 (25.8%) 

12 (54.5%) 

23 (74.2%) 

2.215 1 

 

.137 

Note: Chi-Square test was performed.  n = number of participants; ATC = 

Achilles Tendon Contracture; PTTD = Posterior Tibial Tendon Dysfunction; 

df = degree of freedom. Level of significant at p > 0.05. 

 

The correlation between both ATC and ankle instability among 

participants with pes planus that occur on dominant leg is presented in Table 

4.16. Among participants who were tested with the presence of both ATC and 

PTTD, the prevalence of ankle instability was 54.5% (n=12) while the 

prevalence of normal ankle stability was 45.5% (n=10). Among the participants 

who were tested without the presence of both ATC and PTTD, the prevalence of 

ankle instability was 74.2% (n=23) while the prevalence of normal ankle 

stability was 25.8% (n=8). Chi-square test was performed and the result was χ2 

/FET = 2.215 and sig- χ2 (p-value) = 0.137. Since p-value is more than 0.05, there 

is no significant correlation between both ATC and PTTD with ankle instability 

among participants with pes planus that occur on dominant leg in the present 

study. 
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4.10 Correlation between ATC and PTTD with Ankle Instability among 

Participants with 3rd Degree of Severity of Pes Planus 

 

Table 4.17: Correlation between ATC and Ankle Instability among 

Participants with 3rd Degree of Severity of Pes Planus on Right Foot. 

 Ankle Stability    

Presence of 

ATC 

Normal 

 

Instable χ2/FET df p-value 

 n (%) n (%)    

Yes 

No 

3 (50.0%) 

7 (58.3%) 

3 (50.0%) 

5 (41.7%) 

- - 

 

1.000 

Note: Fisher’s Exact test was performed.  n = number of participants; ATC = 

Achilles Tendon Contracture; df = degree of freedom. Level of significant at 

p > 0.05. 

 

The correlation between ATC alone and ankle instability among 

participants with 3rd degree of severity of pes planus on the right foot is presented 

in Table 4.17. Among participants who were tested with the presence of ATC 

alone, the prevalence of ankle instability and normal ankle stability was 50.0% 

(n=3) respectively. Among the participants who were tested without the presence 

of ATC alone, the prevalence of ankle instability was 41.7% (n=5) while the 

prevalence of normal ankle stability was 58.3% (n=7). Fisher’s Exact test was 

performed as 7.0% of the cells had expected count less than 5. With this, there 

was no result obtained for χ2 /FET, while result for sig- χ2 (p-value) = 1.000. 

Since p-value is more than 0.05, there is no significant correlation between ATC 

alone and ankle instability among participants with 3rd degree of severity of pes 

planus on the right foot in the present study. 
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Table 4.18: Correlation between ATC and Ankle Instability among 

Participants with 3rd Degree of Severity of Pes Planus on Left Foot. 

 Ankle Stability    

Presence of 

ATC 

Normal 

 

Instable χ2/FET df p-value 

 n (%) n (%)    

Yes 

No 

3 (30.0%) 

8 (42.1%) 

7 (70.0%) 

11 (57.9%) 

- - 

 

0.694 

Note: Fisher’s Exact test was performed.  n = number of participants; ATC = 

Achilles Tendon Contracture; df = degree of freedom. Level of significant at 

p > 0.05. 

 

The correlation between ATC alone and ankle instability among 

participants with 3rd degree of severity of pes planus on the left foot is 

demonstrated in Table 4.18. Among participants who were tested with the 

presence of ATC alone, the prevalence of ankle instability was 70.0% (n=7) 

while the prevalence of normal ankle stability was 30.0% (n=3). Among the 

participants who were tested without the presence of ATC alone, the prevalence 

of ankle instability was 57.9% (n=11) while the prevalence of normal ankle 

stability was 42.1% (n=8). Fisher’s Exact test was performed as 25.0% of the 

cells had expected count less than 5. With this, there was no result obtained for 

χ2 /FET, while result for sig- χ2 (p-value) = 0.694. Since p-value is more than 

0.05, there is no significant correlation between Achilles tendon contracture 

alone and ankle instability among participants with 3rd degree of severity of pes 

planus on the left foot in the present study. 
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Table 4.19: Correlation between PTTD and Ankle Instability among 

Participants with 3rd Degree of Severity of Pes Planus on Right Foot. 

 Ankle Stability    

Presence of 

PTTD 

Normal 

 

Instable χ2/FET df p-value 

 n (%) n (%)    

Yes 

No 

3 (50.0%) 

7 (58.3%) 

3 (50.0%) 

5 (41.7%) 

- - 

 

1.000 

Note: Fisher’s Exact test was performed.  n = number of participants; PTTD 

= Posterior Tibial Tendon Dysfunction; df = degree of freedom. Level of 

significant at p > 0.05. 

 

The correlation between PTTD alone and ankle instability among 

participants with 3rd degree of severity of pes planus on the right foot is presented 

in Table 4.19. Among participants who were tested with the presence of PTTD 

alone, the prevalence of ankle instability and normal ankle stability was 50.0% 

(n=3) respectively. Among the participants who were tested without the presence 

of PTTD alone, the prevalence of ankle instability was 41.7% (n=5) while the 

prevalence of normal ankle stability was 58.3% (n=7). Fisher’s Exact test was 

performed as 50.0% of the cells had expected count less than 5. With this, there 

was no result obtained for χ2 /FET, while result for sig- χ2 (p-value) = 1.000. 

Since p-value is more than 0.05, there is no significant correlation between the 

PTTD alone and ankle instability among participants with 3rd degree of severity 

of pes planus on the right foot in the present study. 
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Table 4.20: Correlation between PTTD and Ankle Instability among 

Participants with 3rd Degree of Severity of Pes Planus on Left Foot. 

 Ankle Stability    

Presence of 

PTTD 

Normal 

 

Instable χ2/FET df p-value 

 n (%) n (%)    

Yes 

No 

2 (33.3%) 

9 (39.1%) 

4 (66.7%) 

14 (60.9%) 

- - 

 

1.000 

Note: Fisher’s Exact test was performed.  n = number of participants; PTTD 

= Posterior Tibial Tendon Dysfunction; df = degree of freedom. Level of 

significant at p > 0.05. 

 

The correlation between PTTD alone and ankle instability among 

participants with 3rd degree of severity of pes planus on the left foot is 

demonstrated in Table 4.20. Among participants who were tested with the 

presence of PTTD alone, the prevalence of ankle instability was 66.7% (n=4) 

while the prevalence of normal ankle stability was 33.3% (n=2). Among the 

participants who were tested without the presence of PTTD alone, the prevalence 

of ankle instability was 60.9% (n=14) while the prevalence of normal ankle 

stability was 39.1% (n=9). Fisher’s Exact test was performed as 50.0% of the 

cells had expected count less than 5. With this, there was no result obtained for 

χ2 /FET, while result for sig- χ2 (p-value) = 1.000. Since p-value is more than 

0.05, there is no significant correlation between PTTD alone and ankle instability 

among participants with 3rd degree of severity of pes planus on the left foot in 

the present study. 
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Table 4.21: Correlation between Both ATC and PTTD with Ankle 

Instability among Participants with 3rd Degree of Severity of Pes Planus on 

Right Foot. 

 Ankle Stability    

Presence of 

Both ATC 

and PTTD 

Normal 

 

Instable χ2/FET df p-value 

 n (%) n (%)    

Yes 

No 

1 (50.0%) 

9 (56.2%) 

1 (50.0%) 

7 (43.8%) 

- - 

 

1.000 

Note: Fisher’s Exact test was performed.  n = number of participants; ATC = 

Achilles Tendon Contracture; PTTD = Posterior Tibial Tendon Dysfunction; 

df = degree of freedom. Level of significant at p > 0.05. 

 

The correlation between both ATC and ankle instability among 

participants with 3rd degree of severity of pes planus on the right foot is presented 

in Table 4.21. Among participants who were tested with the presence of both 

ATC and PTTD, the prevalence of ankle instability and prevalence of normal 

ankle stability was 50.0% (n=1) respectively. Among the participants who were 

tested without the presence of both ATC and PTTD, the prevalence of ankle 

instability was 43.8% (n=7) while the prevalence of normal ankle stability was 

56.2% (n=9). Fisher’s Exact test was performed as 50.0% of the cells had 

expected count less than 5. With this, there was no result obtained for χ2 /FET, 

while result for sig- χ2 (p-value) = 1.000. Since p-value is more than 0.05, there 

is no significant correlation between both ATC and PTTD with ankle instability 

among participants with 3rd degree of severity of pes planus on the right foot in 

the present study. 
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Table 4.22: Correlation between Both ATC and PTTD with Ankle 

Instability among Participants with 3rd Degree of Severity of Pes Planus on 

Left Foot. 

 Ankle Stability    

Presence of 

Both ATC 

and PTTD 

Normal 

 

Instable χ2/FET df p-value 

 n (%) n (%)    

Yes 

No 

4 (50.0%) 

7 (33.3%) 

4 (50.0%) 

14 (66.7%) 

- - 

 

.433 

Note: Fisher’s Exact test was performed.  n = number of participants; ATC = 

Achilles Tendon Contracture; PTTD = Posterior Tibial Tendon Dysfunction; 

df = degree of freedom. Level of significant at p > 0.05. 

 

The correlation between ATC and ankle instability among participants 

with 3rd degree of severity of pes planus on the left foot is presented in Table 

4.22. Among participants who were tested with the presence of both ATC and 

PTTD, the prevalence of ankle instability and prevalence of normal ankle 

stability was 50.0% (n=4) respectively. Among the participants who were tested 

without the presence of both ATC and PTTD, the prevalence of ankle instability 

was 66.7% (n=14) while the prevalence of normal ankle stability was 33.3% 

(n=7). Fisher’s Exact test was performed as 50.0% of the cells had expected 

count less than 5. With this, there was no result obtained for χ2 /FET, while result 

for sig- χ2 (p-value) = 1.000. Since p-value is more than 0.05, there is no 

significant correlation between both ATC and PTTD with ankle instability 

among participants with 3rd degree of severity of pes planus on the left foot in 

the present study. 
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4.11 Correlation between ATC and PTTD with Ankle Instability among 

Participants with 2nd Degree of Severity of Pes Planus 

 

Table 4.23: Correlation between ATC and Ankle Instability among 

Participants with 2nd Degree of Severity of Pes Planus on Right Foot. 

 Ankle Stability    

Presence of 

ATC 

Normal 

 

Instable χ2/FET df p-value 

 n (%) n (%)    

Yes 

No 

1 (25.0%) 

4 (40.0%) 

3 (75.0%) 

6 (60.0%) 

- - 

 

1.000 

Note: Fisher’s Exact test was performed.  n = number of participants; ATC = 

Achilles Tendon Contracture; df = degree of freedom. Level of significant at 

p > 0.05. 

 

The correlation between ATC alone and ankle instability among 

participants with 2nd degree of severity of pes planus on the right foot is 

presented in Table 4.23. Among participants who were tested with the presence 

of ATC alone, the prevalence of ankle instability was 75.0% (n=3) while the 

prevalence of normal ankle stability was 25.0% (n=1) respectively. Among the 

participants who were tested without the presence of ATC alone, the prevalence 

of ankle instability was 60.0% (n=6) while the prevalence of normal ankle 

stability was 40.0% (n=4). Fisher’s Exact test was performed as 75.0% of the 

cells had expected count less than 5. With this, there was no result obtained for 

χ2 /FET, while result for sig- χ2 (p-value) = 1.000. Since p-value is more than 

0.05, there is no significant correlation between the ATC alone and ankle 

instability among participants with 2nd degree of severity of pes planus on the 

right foot in the present study. 
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Table 4.24: Correlation between ATC and Ankle Instability among 

Participants with 2nd Degree of Severity of Pes Planus on Left Foot. 

 Ankle Stability    

Presence of 

ATC 

Normal 

 

 

Instable χ2/FET df p-value 

 n (%) n (%)    

Yes 

No 

6 (75.0%) 

0 (0.0%) 

2 (25.0%) 

3 (100.0%) 

- - 

 

.061 

Note: Fisher’s Exact test was performed.  n = number of participants; ATC = 

Achilles Tendon Contracture; df = degree of freedom. Level of significant at 

p > 0.05. 

 

The correlation between ATC alone and ankle instability among 

participants with 2nd degree of severity of pes planus on the left foot is 

demonstrated in Table 4.24. Among participants who were tested with the 

presence of ATC alone, the prevalence of ankle instability was 25.0% (n=2) 

while the prevalence of normal ankle stability was 75.0% (n=6). Among the 

participants who were tested without the presence of ATC alone, the prevalence 

of ankle instability was 100.0% (n=3) while the prevalence of normal ankle 

stability was 0.0% (n=0) as none of these participants were tested with normal 

ankle instability. Fisher’s Exact test was performed as 100.0% of the cells had 

expected count less than 5. With this, there was no result obtained for χ2 /FET, 

while result for sig- χ2 (p-value) = 0.061. Since p-value is more than 0.05, there 

is no significant correlation between the ATC alone and ankle instability among 

participants with 2nd degree of severity of pes planus on the left foot in the 

present study. 
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Table 4.25: Correlation between PTTD alone and Ankle Instability among 

Participants with 2nd Degree of Severity of Pes Planus on Right Foot. 

 Ankle Stability    

Presence of 

PTTD 

Normal 

 

Instable χ2/FET df p-value 

 n (%) n (%)    

Yes 

No 

0 (0.0%) 

5 (38.5%) 

1 (100.0%) 

8 (61.5%) 

- - 

 

1.000 

Note: Fisher’s Exact test was performed.  n = number of participants; PTTD 

= Posterior Tibial Tendon Dysfunction; df = degree of freedom. Level of 

significant at p > 0.05. 

 

The correlation between PTTD alone and ankle instability among 

participants with 2nd degree of severity of pes planus on the right foot is 

presented in Table 4.25. Among participants who were tested with the presence 

of PTTD alone, the prevalence of ankle instability was 100.0% (n=1) while the 

prevalence of normal ankle stability was 0.0% (n=0). Among the participants 

who were tested without the presence of PTTD alone, the prevalence of ankle 

instability was 61.5% (n=8) while the prevalence of normal ankle stability was 

38.5% (n=5). Fisher’s Exact test was performed as 75.0% of the cells had 

expected count less than 5. With this, there was no result obtained for χ2 /FET, 

while result for sig- χ2 (p-value) = 1.000. Since p-value is more than 0.05, there 

is no significant correlation between PTTD alone and ankle instability among 

participants with 2nd degree of severity of pes planus on the right foot in the 

present study. 

  



98 

 

Table 4.26: Correlation between PTTD and Ankle Instability among 

Participants with 2nd Degree of Severity of Pes Planus on Left Foot. 

 Ankle Stability    

Presence of 

PTTD 

Normal 

 

Instable χ2/FET df p-value 

 n (%) n (%)    

Yes 

No 

0 (0.0%) 

6 (60.0%) 

1 (100.0%) 

4 (40.0%) 

- - 

 

.455 

Note: Fisher’s Exact test was performed.  n = number of participants; PTTD 

= Posterior Tibial Tendon Dysfunction; df = degree of freedom. Level of 

significant at p > 0.05. 

 

The correlation between PTTD alone and ankle instability among 

participants with 2nd degree of severity of pes planus on the left foot is 

demonstrated in Table 4.26. Among participants who were tested with the 

presence of PTTD alone, the prevalence of ankle instability was 100.0% (n=1) 

while the prevalence of normal ankle stability was 0.0% (n=0) since there is none 

of the participants tested with normal ankle stability. Among the participants 

who were tested without the presence of PTTD alone, the prevalence of ankle 

instability was 40.0% (n=4) while the prevalence of normal ankle stability was 

60.0% (n=6). Fisher’s Exact test was performed as 75.0% of the cells had 

expected count less than 5. With this, there was no result obtained for χ2 /FET, 

while result for sig- χ2 (p-value) = 0.455. Since p-value is more than 0.05, there 

is no significant correlation between PTTD alone and ankle instability among 

participants with 2nd degree of severity of pes planus on the left foot in the 

present study. 

 



99 

 

Table 4.27: Correlation between Both ATC and PTTD with Ankle 

Instability among Participants with 3rd Degree of Severity of Pes Planus on 

Right Foot. 

 Ankle Stability    

Presence of 

Both ATC 

and PTTD 

Normal 

 

Instable χ2/FET df p-value 

 n (%) n (%)    

Yes 

No 

3 (50.0%) 

2 (25.0%) 

3 (50.0%) 

6 (75.0%) 

- - 

 

.580 

Note: Fisher’s Exact test was performed.  n = number of participants; ATC = 

Achilles Tendon Contracture; PTTD = Posterior Tibial Tendon Dysfunction; 

df = degree of freedom. Level of significant at p > 0.05. 

 

The correlation between both ATC and ankle instability among 

participants with 2nd degree of severity of pes planus on the right foot is 

presented in Table 4.27. Among participants who were tested with the presence 

of both ATC and PTTD, the prevalence of ankle instability and prevalence of 

normal ankle stability was 50.0% (n=3) respectively. Among the participants 

who were tested without the presence of both ATC and PTTD, the prevalence of 

ankle instability was 75.0% (n=6) while the prevalence of normal ankle stability 

was 25.0% (n=2). Fisher’s Exact test was performed as 75.0% of the cells had 

expected count less than 5. With this, there was no result obtained for χ2 /FET, 

while result for sig- χ2 (p-value) = 0.580. Since p-value is more than 0.05, there 

is no significant correlation between both ATC and PTTD with ankle instability 

among participants with 2nd degree of severity of pes planus on the right foot in 

the present study. 
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Table 4.28: Correlation between Both ATC and PTTD with Ankle 

Instability among Participants with 3rd Degree of Severity of Pes Planus on 

Left Foot. 

 Ankle Stability    

Presence of 

Both ATC 

and PTTD 

Normal 

 

Instable χ2/FET df p-value 

 n (%) n (%)    

Yes 

No 

0 (0.0%) 

6 (60.0%) 

1 (100.0%) 

4 (40.0%) 

- - 

 

.455 

Note: Fisher’s Exact test was performed.  n = number of participants; ATC = 

Achilles Tendon Contracture; PTTD = Posterior Tibial Tendon Dysfunction; 

df = degree of freedom. Level of significant at p > 0.05. 

 

The correlation between both ATC and ankle instability among 

participants with 2nd degree of severity of pes planus on the left foot is presented 

in Table 4.28. Among participants who were tested with the presence of both 

ATC and PTTD, the prevalence of ankle instability was 100.0% (n=1) while the 

prevalence of normal ankle stability was 0.0% (n=0). Among the participants 

who were tested without the presence of both ATC and PTTD, the prevalence of 

ankle instability was 40.0% (n=4) while the prevalence of normal ankle stability 

was 60.0% (n=6). Fisher’s Exact test was performed as 75.0% of the cells had 

expected count less than 5. With this, there was no result obtained for χ2 /FET, 

while result for sig- χ2 (p-value) = 0.455. Since p-value is more than 0.05, there 

is no significant correlation between both ATC and PTTD with ankle instability 

among participants with 2nd degree of severity of pes planus on the left foot in 

the present study. 
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4.12 Correlation between ATC and PTTD with Ankle Instability among 

Participants with 1st Degree of Severity of Pes Planus 

 

Table 4.29: Correlation between ATC and Ankle Instability among 

Participants with 1st Degree of Severity of Pes Planus on Right Foot. 

 Ankle Stability    

Presence of 

ATC 

Normal 

 

Instable χ2/FET df p-value 

 n (%) n (%)    

Yes 

No 

1 (20.0%) 

5 (38.5%) 

4 (80.0%) 

8 (61.5%) 

- - 

 

.615 

Note: Fisher’s Exact test was performed.  n = number of participants; ATC = 

Achilles Tendon Contracture; df = degree of freedom. Level of significant at 

p > 0.05. 

 

The correlation between ATC alone and ankle instability among 

participants with 1st degree of severity of pes planus on the right foot is illustrated 

in Table 4.29. Among participants who were tested with the presence of ATC, 

the prevalence of ankle instability was 80.0% (n=4) while the prevalence of 

normal ankle stability was 20.0% (n=1) respectively. Among the participants 

who were tested without the presence of ATC alone, the prevalence of ankle 

instability was 61.5% (n=8) while the prevalence of normal ankle stability was 

38.5% (n=5). Fisher’s Exact test was performed as 75.0% of the cells had 

expected count less than 5. With this, there was no result obtained for χ2 /FET, 

while result for sig- χ2 (p-value) = 0.615. Since p-value is more than 0.05, there 

is no significant correlation between ATC alone and ankle instability among 

participants with 1st degree of severity of pes planus on the right foot in the 

present study. 
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Table 4.30: Correlation between Achilles Tendon Contracture and Ankle 

Instability among Participants with 1st Degree of Severity of Pes Planus on 

Left Foot. 

 Ankle Stability    

Presence of 

ATC 

Normal 

 

 

Instable χ2/FET df p-value 

 n (%) n (%)    

Yes 

No 

3 (37.5%) 

0 (0.0%) 

5 (62.5%) 

4 (100.0%) 

- - 

 

.491 

Note: Fisher’s Exact test was performed.  n = number of participants; ATC = 

Achilles Tendon Contracture; df = degree of freedom. Level of significant at 

p > 0.05. 

 

The correlation between ATC alone and ankle instability among 

participants with 1st degree of severity of pes planus on the left foot is 

demonstrated in Table 4.30. Among participants who were tested with the 

presence of ATC alone, the prevalence of ankle instability was 62.5% (n=5) 

while the prevalence of normal ankle stability was 3% (n=37.5). Among the 

participants who were tested without the presence of ATC alone, the prevalence 

of ankle instability was 100.0% (n=4) while the prevalence of normal ankle 

stability was 0.0% (n=0) as none of these participants were tested with normal 

ankle instability. Fisher’s Exact test was performed as 75.0% of the cells had 

expected count less than 5. With this, there was no result obtained for χ2 /FET, 

while result for sig- χ2 (p-value) = 0.491. Since p-value is more than 0.05, there 

is no significant correlation between ATC alone and ankle instability among 

participants with 1st degree of severity of pes planus on the left foot in the present 

study. 
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Table 4.31: Correlation between PTTD and Ankle Instability among 

Participants with 1st Degree of Severity of Pes Planus on Right Foot. 

 Ankle Stability    

Presence of 

PTTD 

Normal 

 

Instable χ2/FET df p-value 

 n (%) n (%)    

Yes 

No 

1 (33.3%) 

5 (33.3%) 

2 (66.7%) 

10 (66.7%) 

- - 

 

1.000 

Note: Fisher’s Exact test was performed.  n = number of participants; PTTD 

= Posterior Tibial Tendon Dysfunction; df = degree of freedom. Level of 

significant at p > 0.05. 

 

The correlation between PTTD alone and ankle instability among 

participants with 1st degree of severity of pes planus on the right foot is presented 

in Table 4.31. Among participants who were tested with the presence of PTTD 

alone, the prevalence of ankle instability was 66.7% (n=2) while the prevalence 

of normal ankle stability was 33.3% (n=1) respectively. Among the participants 

who were tested without the presence of PTTD alone, the prevalence of ankle 

instability was 66.7% (n=10) while the prevalence of normal ankle stability was 

33.3% (n=5). Fisher’s Exact test was performed as 50.0% of the cells had 

expected count less than 5. With this, there was no result obtained for χ2 /FET, 

while result for sig- χ2 (p-value) = 1.000. Since p-value is more than 0.05, there 

is no significant correlation between PTTD alone and ankle instability among 

participants with 1st degree of severity of pes planus on the right foot in the 

present study. 
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Table 4.32: Correlation between PTTD and Ankle Instability among 

Participants with 1st Degree of Severity of Pes Planus on Left Foot. 

 Ankle Stability    

Presence of 

PTTD 

Normal 

 

Instable χ2/FET df p-value 

 n (%) n (%)    

Yes 

No 

0 (0.0%) 

3 (30.7%) 

2 (100.0%) 

3 (70.0%) 

- - 

 

1.000 

Note: Fisher’s Exact test was performed.  n = number of participants; PTTD 

= Posterior Tibial Tendon Dysfunction; df = degree of freedom. Level of 

significant at p > 0.05. 

 

The correlation between PTTD alone and ankle instability among 

participants with 1st degree of severity of pes planus on the left foot is 

demonstrated in Table 4.32. Among participants who were tested with the 

presence of PTTD alone, the prevalence of ankle instability was 100.0% (n=2) 

while the prevalence of normal ankle stability was 0.0% (n=0) since there is none 

of the participants tested with normal ankle stability. Among the participants 

who were tested without the presence of PTTD alone, the prevalence of ankle 

instability was 70.0% (n=7) while the prevalence of normal ankle stability was 

30.0% (n=3). Fisher’s Exact test was performed as 75.0% of the cells had 

expected count less than 5. With this, there was no result obtained for χ2 /FET, 

while result for sig- χ2 (p-value) = 1.000. Since p-value is more than 0.05, there 

is no significant correlation between PTTD alone and ankle instability among 

participants with 1st degree of severity of pes planus on the left foot in the present 

study. 
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Table 4.33: Correlation between Both ATC and PTTD with Ankle 

Instability among Participants with 1st Degree of Severity of Pes Planus on 

Right Foot. 

 Ankle Stability    

Presence of 

Both ATC 

and PTTD 

Normal 

 

Instable χ2/FET df p-value 

 n (%) n (%)    

Yes 

No 

2 (40.0%) 

4 (30.8%) 

3 (60.0%) 

9 (69.2%) 

- - 

 

1.000 

Note: Fisher’s Exact test was performed.  n = number of participants; ATC = 

Achilles Tendon Contracture; PTTD = Posterior Tibial Tendon Dysfunction; 

df = degree of freedom. Level of significant at p > 0.05. 

 

The correlation between both ATC and ankle instability among 

participants with 1st degree of severity of pes planus on the right foot is presented 

in Table 4.33. Among participants who were tested with the presence of both 

ATC and PTTD, the prevalence of ankle instability was 60.0% (n=3) while the 

prevalence of normal ankle stability was 40.0% (n=2). Among the participants 

who were tested without the presence of both ATC and PTTD, the prevalence of 

ankle instability was 69.2% (n=9) while the prevalence of normal ankle stability 

was 30.8% (n=4). Fisher’s Exact test was performed as 75.0% of the cells had 

expected count less than 5. With this, there was no result obtained for χ2 /FET, 

while result for sig- χ2 (p-value) = 1.000. Since p-value is more than 0.05, there 

is no significant correlation between both ATC and PTTD with ankle instability 

among participants with 1st degree of severity of pes planus on the right foot in 

the present study. 
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Table 4.34: Correlation between Both ATC and PTTD with Ankle 

Instability among Participants with 1st Degree of Severity of Pes Planus on 

Left Foot. 

 Ankle Stability    

Presence of 

Both ATC 

and PTTD 

Normal 

 

Instable χ2/FET df p-value 

 n (%) n (%)    

Yes 

No 

0 (0.0%) 

3 (27.3%) 

1 (100.0%) 

8 (72.7%) 

- - 

 

1.000 

Note: Fisher’s Exact test was performed.  n = number of participants; ATC = 

Achilles Tendon Contracture; PTTD = Posterior Tibial Tendon Dysfunction; 

df = degree of freedom. Level of significant at p > 0.05. 

 

The correlation between both ATC and ankle instability among 

participants with 1st degree of severity of pes planus on the left foot is presented 

in Table 4.34. Among participants who were tested with the presence of both 

ATC and PTTD, the prevalence of ankle instability was 100.0% (n=1) while the 

prevalence of normal ankle stability was 0.0% (n=0). Among the participants 

who were tested without the presence of both ATC and PTTD, the prevalence of 

ankle instability was 72.7% (n=8) while the prevalence of normal ankle stability 

was 27.3% (n=3). Fisher’s Exact test was performed as 75.0% of the cells had 

expected count less than 5. With this, there was no result obtained for χ2 /FET, 

while result for sig- χ2 (p-value) = 1.000. Since p-value is more than 0.05, there 

is no significant correlation between both ATC and PTTD with ankle instability 

among participants with 1st degree of severity of pes planus on the left foot in 

the present study. 
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CHAPTER 5 

 

DISCUSSION 

 

5.1 Chapter Overview 

In this section, the findings of ATC and PTTD on ankle instability among young 

adults with pes planus will be discussed. In additions, the significance, 

limitations and recommendations for the present study will be discussed in this 

section as well.  

  

5.2 Demographic Findings 

 In the present study, the data of a total of 57 young adults were analysed. 

Demographic data regarding distribution of participants in terms of BMI 

category, awareness for the presence of pes planus, activity level, sports 

involvement, frequency of sport participation, nature of pes planus, leg 

dominance, degree of severity, prevalence of ATC or PTTD and ankle instability 

as presented in Chapter 4 will be further discussed in this chapter.   

 

 By comparing within the gender, it is found that majority of the young 

adults with pes planus are male with a prevalence of 54.4% compare to female 

with a prevalence of 45.6%. Similar findings were showed by Igbinedion et al. 

(2022) and Khadanga & Kumar (2022) that were conducted among young adults 

as well. This may due to the one-year delayed development of the rearfoot valgus 
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in males compare to the females (Pfeiffer et al., 2006). As a result, larger rearfoot 

valgus angle are exhibited by the males, which resulted in the increasing risk of 

pes planus development. Therefore, these two factors may be the main causal for 

the greater prevalence of pes planus in male young adults than in female young 

adults.  

 

5.2.1 BMI Category Distribution 

Other than gender, the young adults with pes planus in this present study 

is further grouped according to their BMI category. Comparing between young 

adults with normal BMI category and overweight and obese category, it was 

found that normal BMI category shows greater percentage compare to young 

adults categorized in overweight and obese by 64.9% to 35.1%. This result is 

contradictory to the findings by Stolzman et al. (2015), Pourghasem et al. (2016) 

and Shariff et al. (2017), where their result shown greater prevalence of pes 

planus among individuals categorized as overweight and obese. Participants 

recruited in this study were mostly categorized in normal BMI, thus causing 

unequal distribution of participants according to BMI category. This may be due 

to the target population in this study were young adults, who are within the most 

productive years of their life, tends to have greater participation in physical 

activity. From results of Suryadinata et al. (2020) shows that age is associated 

with physical activity level of the adults. This is explained by the result of this 

study, which shows that 85.7% of the young adults had sports involvement. This 

is due to the fact that physical activity participation is negatively associated with 

BMI index (Cárdenas Fuentes et al., 2018). Therefore, the increase of physical 
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activity participation is a main factor for majority of the young adults found 

categorized as normal BMI rather than overweight and obese.  

     

5.2.2 Physical Activity Distribution  

 By comparing the result of the activity level of the young adults, it is 

found that only 12.3% of the young adults had reported with none physical 

activity in a week. On the flip side, 87.6% of the young adults reported to have 

frequency of sport participation of at least once in a week. From our research, 

this higher physical activity level showed by the young adults did not support 

the findings from Furgał & Adamczyk (2008) and Truszczyńska-Baszak et al. 

(2017). Based on the study from Furgał & Adamczyk (2008), it is observed that 

individuals with pes planus tend to restrict themselves from physical activity. In 

which 62.9% and 39.5% of the girls and boys with pes planus are those who 

refuse to take part in any of the physical activities. This phenomenon may be 

associated with the presence of ankle instability among these individual, 

resulting in the development of fear of falls. This theory is supported with 

findings from Jefferis et al. (2014) where fear of fall is found negatively 

associated with step count and physical activity level. However, this 

phenomenon does not seem to be the same in our study. In our study, young 

adults were observed to have higher prevalence of physical activity. This might 

be associated to the low awareness among these young adults. As reported, 71.9% 

of the young adults are unaware for this defect of the foot arch among them. This 

may be due to the asymptomatic nature of this deformity (Raj et al., 2022). Thus, 

they may not notice that the ankle instability is the result of the pes planus, 
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instead, they might treat it as a sign indicating that their muscles are not strong 

enough. Hence, they engaged in more sports and physical activity in order to 

strengthen themselves from the poor stability that they experienced.    

 

5.2.3 Nature of Pes Planus Distribution  

  In this present study, it is shown that young adults with pes planus exist 

as bilaterally with higher prevalence than unilaterally, with a percentage of 78.9% 

to 21.1%. This result is in line with the findings from Reddy & Kishve (2021), 

where bilateral pes planus was found with a higher prevalence of 11.6%, while 

the unilateral pes planus was found with a prevalence of 3% among young adults.  

 

5.2.4 Leg Dominance Distribution  

 From the result obtained in this present study, it is found that 53 out of 

57 of all young adults had pes planus that occurred over the dominant leg. 

Further looking into this, 11.8% of the unilateral pes planus young adults and 

79.4% of the bilateral pes planus young adults had pes planus occurring over 

their right dominant leg. While 17.4% of the unilateral pes planus young adults 

and 78.3% of the bilateral pes planus young adults are found with pes planus 

occurring over their left dominant leg. In other words, only 4 young adults are 

not tested with pes planus developed on their dominant leg. This finding is found 

similar to the result produced by Talati et al. (2018), where they found that there 

is significant correlation between pes planus and leg dominance among young 

adults. This is due the fact that there is an increased risk of dystrophy on the 
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dominant side, the preference side on performing motor tasks (Talati et al., 2018). 

The increasing usage in performing motor task on the dominant leg will increase 

pressure loading on the foot structure. Therefore, the increasing stress on the foot 

structure leads to dysfunction occurring over the stabilizer of the foot arch, 

causing the defect in this arch to occur.   

 

5.2.5 Degree of Severity Distribution  

 In this present study, it is found that there is higher prevalence of 3rd 

degree of severity on the left foot compare to other degree of severity with 

percentage of 50.9%. While on the right foot, the 3rd degree of severity shared 

the same percentage as 1st degree of severity, which both the severity level 

obtained a percentage of 31.6%. This finding is similar to the finding of Zhang 

et al. (2022), where 45 out of 75 participants demonstrated with higher 

prevalence of pes planus in 3rd degree of severity. The greater prevalence in 3rd 

degree of severity shown in this study may be resulting from the BMI index of 

this group of young adults. In such, results show that the young adults from 3rd 

degree of severity has greatest mean value of BMI index compare to the other 2 

groups, which are 24.88 ± 4.896 kgm-2 found for right foot and 23.99 ± 5.863 

kgm-2 for left foot. Additionally, the left foot, the non-dominant side of majority 

of the young adults in this study were found to have greater severity level than 

the right foot. This phenomenon may be the result of more frequent occurrence 

of ankle injury over the dominant of the leg. In which, study by Ekstrand & 

Gillquist (1983) found that the male soccer player had more significant ankle 

injuries occurring over the dominant side, with 92% injuries reported on the 
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dominant side. Thus, with the increasing incidence of ankle injury on the 

dominant side, the individual will tend to shift their weight more towards the 

non-dominant side during standing. Thus, more pressure put on the non-

dominant side, the left foot. The increasing weight pressure shifted towards the 

left foot further worsening on the medial longitudinal arch that is already flatten, 

causes progressive flattening on the arch. Therefore, the left foot of young adults 

will have higher severity level than the right foot.  

 

5.2.6 Prevalence of ATC and PTTD among Young Adults 

 Majority of the participants were found with presence of both ATC and 

PTTD instead of the two musculoskeletal conditions alone. By comparing the 

presence of ATC and PTTD, it shows that 42.1% of the young adults were tested 

positive for both ATC and PTTD. Moreover, 33.3% of the prevalence for ATC 

only and 17.5% of the prevalence for PTTD only were observed among the 

young adults. Up to date, there is lack of study which discussed the prevalence 

of ATC and PTTD occurring simultaneously among young adults with pes 

planus. 

 

This findings for the total prevalence of ATC of 75.4% is in line with the 

findings from Reimers et al. (1995). In such, Reimers et al. (1995) stated that 

more than half of the adolescences were screened for the presence of ATC, 

showing prevalence of 77%. This may be largely associated to the poor 

stretching technique practiced by the participants after their sport session. The 

above theory is supported with findings from D. Y. Park et al., (2011), where 
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they suggested that prolong and more intensive stretching and warm-up routine 

should be introduced to the recreational athlete in order to cause any changes of 

biomechanical properties. This is due to the findings from D. Y. Park et al. 

(2011), where either stretching or warm-up implemented in the study did not 

showed statistically difference in the biomechanical properties of Achilles 

tendon prior and after the study.  

 

 Moreover, the total prevalence for PTTD was 59.6% and PTTD alone 

was 17.5%. This finding was similar to the findings of Kohls-Gatzoulis et al. 

(2009) and Knapp & Constant (2022) but opposed to Jahss (1991). The 

prevalence found in the present study shown similar findings to Kohls-Gatzoulis 

et al. (2009) and Knapp & Constant (2022) where this study found the prevalence 

of PTTD among the populations and specifically on pes planus population was 

approximately 10% and 13.51%. However, findings from the Jahss (1991) does 

not tally with the findings in the present study where they stated that the 

prevalence of PTTD for pes planus individuals were 100.0%. This may be 

associated to nearly more than half of the young adults in this study were having 

physical activity for at least once per week. To support this statement, reviewed 

conducted by Ross et al. (2018) concluded that strengthening exercises, 

especially eccentric exercises practiced by the participants with PTTD shown 

improvements in several aspects, such in pain management and functional 

activities. Therefore, physical activity may be the cause for the low prevalence 

of PTTD among young adults with pes planus.   
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5.2.7 Prevalence of Ankle Instability among Young Adults 

 From the findings, 64.9% of the young adults demonstrated a positive 

test during the Y Balance test, indicating the presence of ankle instability. The 

high prevalence of ankle instability was found on 3rd degree of severity on the 

left foot as well, with percentage of 62.1%. This finding is similar to those of 

Tahmasebi et al. (2015), Sung et al. (2017), Dabholkar & Agarwal (2020), 

Koshino et al. (2020), Adegoke et al. (2021) and Marouvo et al. (2021). From 

study of Dabholkar & Agarwal (2020), it is reported that 43% of the participants 

with pes planus experienced problem on stability, which is almost similar with 

our findings. The high prevalence of ankle instability may be due to several 

causes, however, in this study we suggested that it is greatly associated to the 

complication of pes planus, along with the additional existence of ATC and 

PTTD. This is mainly because the defect in the foot arch had cause the instability 

over the ankle. Findings from Tahmasebi et al. (2015), Sung et al. (2017), 

Koshino et al. (2020) and Marouvo et al. (2021) seems to rectify with this 

statement. From their studies, it is found that there is a significant association 

between pes planus with the poor stability of the affected individuals. These 

individuals tend to exhibit poorer stability than the others during the study. In 

which, Koshino et al. (2020) found that pes planus individuals tend to have 

significant displacement of the center of pressure, causing the poor static 

stability persist within these individuals.   
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5.3 Correlation between ATC Alone with Ankle Instability 

 In the present study, there is no significant correlation found between 

ATC along with ankle instability among young adults with pes planus. In 

specific, the division of young adults based on unilateral pes planus, bilateral pes 

planus, leg dominance and all 3 degrees of severity (1st, 2nd and 3rd) showed no 

significant correlation between ATC alone with ankle instability. This finding is 

contradictory to the results from Endo & Sakamoto (2014), where they found 

that their participants showed significant reduction of reaching distance during 

SEBT in anterior, medial and lateral direction. This may be due to the fact that 

the participants recruited in Endo & Sakamot (2014) are elite baseball player 

who represent the high school, while the participants from our study were mostly 

recreational athlete from various sports.  

 

Due to the profession, the elite baseball players have greater risk of 

frequent injury occurrence. This is shown through study conducted by Okoroha 

et al. (2019) and Lucasti et al. (2020), where the professional elite baseball 

players exhibit a recurrent hamstring injury rate of up to 16.3% and a total of 

4756 ankle injuries occurred in between 2011 to 2016, which some of them 

requires surgical management. Thus, the increase frequency of severe injuries, 

especially over the ankle will cause further compromise of the ankle instability 

of the elite baseball players. This is supported with results from McGuine et al. 

(2000), where individuals with poor stability were found to have previous history 

of ankle injury by seven times more. To further add on, study by Lucasti et al., 

2020) had address that 32% to 74% of the individuals with past history of ankle 
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injuries are more likely to suffer from ankle instability. Therefore, this explained 

that the study on baseball players with ATC will show more significant result on 

ankle instability than the young adults from our study.  

 

In addition, from the result it is shown that 87.7% of the young adults 

reported with sport participations of at least once a week. This sport participation 

by the young adults may be the cause for the result between the ATC and ankle 

instability to be not significant. The increasing physical activity level will induce 

working of the other stability muscles, such as core stability. This will eventually 

overcome the shortness of ankle instability of these individuals to maintain their 

balance. This statement is based on findings from Kapdule et al. (2019), where 

participants in the study demonstrates significant association between core 

stability and physical activity, where participants with higher level of physical 

activity demonstrates greater stability of the core. Furthermore, study by 

Dastmanesh et al. (n.d.) founds that participants with ankle instability after core 

stabilization training will have a positive effect on their postural control. 

Therefore, it can be said that the increase of core stability through increase in 

physical activity level will cause a positive effect in stabilization even though 

the person had ankle instability.  

 

5.4 Correlation between PTTD Alone with Ankle Instability 

 Despite analysing the data based on unilateral pes planus, bilateral pes 

planus, leg dominance and all 3 degrees of severity (1st, 2nd and 3rd), it is found 

that there is no significant correlation in between PTTD alone on ankle 
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instability among young adults with pes planus. The findings that were not 

significant for PTTD with ankle instability among young adults with pes planus 

does not correlated to the findings from Kulig et al. (2015) and Wang et al. 

(2022). The study from Kulig et al. (2015) finds that participants in their research 

had significant lower success rate in performing unipedal standing balance test. 

The results differ may be due to the difference in target participants. In the 

present study, both genders of young adults were recruited, whereas study in 

Kulig et al. (2015) only recruited female participants from the age group of 40 

to 66 years.  

 

 The age difference across the two studies may resulting in the difference 

of significant level on the association between PTTD and ankle instability. This 

statement is supported through finding from Svoboda et al. (2019) showed that 

aging caused a significant effect on the ankle muscle strength and postural 

control.  The poorer stability in ankle in the older age group is highly associated 

to degeneration of the neuromuscular system. It is shown that there is a 

declination of the peak torque in the older adults, following by a reduction of 

approximately 30% in muscle strength of the older adults (Spink et al., 2010; 

Svoboda et al., 2019). Therefore, significantly poorer ankle instability in study 

from Kulig et al. (2015) may be due to aging factors as well. As the participants 

in our study are mainly young adults that more than half of them had weekly 

sport participation. The frequent sports participant is beneficial in improving the 

stability of the young adults. This is due to the fact that the physical activity 

recruit other muscles of stability as well, continuous recruitment of these 
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muscles will help to overcome the shortness in ankle stability in maintaining the 

balance of the young adults (Dastmanesh et al., n.d.).  

 

Despite that the result shows no significant correlation between PTTD 

on ankle instability among young adults with pes planus. However, the result 

shows that the PTTD on young adults with 3rd degree of severity on the left foot 

have a prevalence of 66.7% for ankle instability. This high level of prevalence 

ankle instability may be due to the severity of the pes planus. The increasing 

severity of the pes planus is associated to the increasing symptoms and 

complications to the individuals. This is found with study from (Zhang et al., 

2022) presents that the increasing severity of pes planus is associated with 

increasing severity of knee degeneration, such as knee stiffness and knee pain, 

increasing risk of knee osteoarthritis (OA). The increasing knee pathology will 

indirectly cause an increases risk of stability as well. The participants with knee 

OA had exhibit significant decrease in articular movement in the subtalar and 

ankle joint. The alteration in these joints lead to biomechanical disadvantage 

which influenced on the ankle stability secondary to structural changes in the 

knee joint (Hubbard et al., 2010).  

 

5.5 Correlation between Both ATC and PTTD with Ankle Instability 

 In the present study, the data collected showed no significant correlation 

in between both ATC and PTTD on ankle instability among young adults. The 

significance of the correlation is not influenced by unilateral pes planus, bilateral 

pes planus, leg dominance and all 3 degrees of severity (1st, 2nd and 3rd). Up to 
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date, there is no research conducted regarding the effect of both ATC and PTTD 

on the stability of the ankle. Apart from the significance, the prevalence of ankle 

instability among pes planus young adults with both ATC and PTTD were 

comparative lesser than the prevalence of ankle instability among pes planus 

young adults with either ATC or PTTD alone, where 54.2% compare to 68.4% 

and 90.0%. The result for no significance and low prevalence between both ATC 

and PTTD with ankle instability might be associated to the physical activity level, 

which 87.7% of the young adults had weekly sport participation for at least once. 

The participation in sport activity is beneficial in strengthening the stability and 

overcome the effect brought by ATC and PTTD. This is supported with findings 

from Kapdule et al. (2019), where significant association between core stability 

and physical activity were found on the participants, where participants with 

higher level of physical activity demonstrates greater stability of the core. The 

increase strength in core stability muscle will helps in overcoming the deficit in 

ankle stability, thus, maintaining the stability of the individuals. 

 

 Although in this study, it is found that 64.9% of the young adults 

experienced ankle instability. However, the results show that there is no 

significant correlation between both ATC and PTTD on ankle instability among 

the young adults with pes planus. The high prevalence of ankle instability may 

be due to other risk factors that is not investigated in this study, such as ligament 

laxity. Since all young adults in this study experienced ankle sprains previously, 

joint and ligament laxity should be suspected persist within these young adults. 

Hertel et al. (1999) examined 20 participants and found that participants who 

sustained injury previously show significant greater talar tilt angle and anterior 
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talofibular laxity compare to participants without history of injury. Apart from 

the muscles, the ligaments play a vital role in maintaining the stability of the 

ankle. Following by the rupture over the ligaments resulted from the ankle injury, 

the ligaments is no longer intact and loses its ability to hold on the ankle joint. 

Therefore, causes an increase of anterior displacement occurring over the ankle 

joint. This is supported with findings from Hubbard (2008), where it is examined 

that participants with chronic ankle instability present significantly greater 

anterior displacement and inversion rotation compared to the participants 

without chronic ankle instability, which were in controlled by the talofibular 

ligament and calcaneofibular ligament. This shows that recurrent ankle sprain 

that causes damage on the ligament structures over the ankle joint will increases 

the risk of ankle instability.  

 

 Apart from that, the age of the young adults included in this study might 

be one of the risk factors contributing to the higher prevalence of ankle instability. 

Based on study from Pourkazemi et al. (2018), it is observed that participants at 

the age 24 years old and below are at higher risk for encountering recurrent ankle 

sprains. In which, the participants of age 24 years old and below are found to 

have 8 times greater risk in encountering recurrent sprain than the older 

participants. The young adults included in our study are all below the age of 24 

years, with a mean age of 20.46 ± 1.310 years. Hence, it is suspected that the 

higher prevalence of ankle instability may be due to the age factor as well. The 

greater risk of these young adults may be the result of their negligence towards 

proper injury management. Young adults often treat ankle sprains as a small 

injury and neglect to receive proper management and rehabilitation for the 
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sprained ankle. With proper management of the ankle sprain, such as 

strengthening exercises and balancing exercises with the use of wobble board is 

effective in preventing the incidence of recurrent sprains (van der Wees et al., 

2006). Therefore, participants who did not received an appropriate treatment and 

management following to an ankle sprain will resulting in greater risk of 

recurrent ankle sprains to occur, resulting in the development of ankle instability.  

 

5.6 Limitations of Study 

 Despite the interesting findings from the research, several limitations 

were observed in the current study. First of all, the study was only conducted 

among young adults from UTAR, thus the findings might not be able to 

generalized to all young adults. Furthermore, the sample size for this study is too 

small. Despite that the researcher had successfully recruited a total number of 

177 participants and screened the prevalence of pes planus among young adults 

are 58.76% (n=104). However, only findings from 57 participants were included 

for the analysis, which is far from the expected sample size of 401. This is due 

to the pre-set inclusion and exclusion criteria that filtered out the participants 

that were not eligible to be included as part of this study. Thus, only 57 

participants were included from the 104 participants screened with pes planus. 

Another limitation in this study was the duration of research conduction. Due to 

time constraint, it had also limited the number of participants that the researchers 

can approach and recruit for this study. This small sample size may create an 

impact on the validity of the result, causing the result of this study to be not 

significant. Apart from that, the accuracy of pes planus screening with the use of 

footprints and CSI value is questionable. Although it is reported that CSI had a 
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sensitivity and specificity that are found to be high as 87.6% and 88.4%, some 

minor alteration may not be suitable with the use of this standard (Chen et al., 

2011). Researchers had encounter problems where the participants foot arch 

seems disappear upon observation. However, from the footprint and CSI shows 

that the participants had normal foot arch instead of pes planus. Apart from that, 

it is observed that some of the footprint consist of a “hole” in between the medial 

border of the foot and the arch, which appears an empty space in between the 

foot. Footprints in such are unable to be measured with the use of the CSI, thus 

all these footprints are excluded from this study and is classified as invalid data.  

 

5.7 Recommendations for Future Study 

To recruit and generalize the findings to a larger population, future 

research is suggested to increase the target population by including young adults 

from other universities in Malaysia as well. By doing so, there will be a more 

comprehensive view on the correlation between Achilles tendon contracture and 

PTTD on ankle instability among the young adults with pes planus in Malaysia. 

Additionally, it is advised for future study to recruit pes planus young adults with 

or without previous history of ankle sprains. As observed from our research, only 

54.8% of these young adults had history of ankle sprains or injuries of more than 

a month. Thus, it is believed that by including pes planus participants without 

previous history of ankle sprain will increases the number of participants, 

producing a more reliable results that can be generalized to the public. 

Furthermore, it is recommended to increase the duration for commencement of 

research. This short period of time allocated is insufficient and had caused a lot 

of restriction for participants recruitment where the period for data collection is 
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only two to three weeks. It is believed that the quality of the research will be 

improved if a longer duration is provided to the students. Lastly, future research 

should consider implementations of other method for pes planus screening. This 

is to eliminate the error as mentioned above while ensuring the accuracy of the 

data can be enhanced. Therefore, it is recommended to use more reliable and 

feasible screening tools such as foot pressure scanner for pes planus screening.   
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CHAPTER 6 

 

CONCLUSION 

 

 In conclusion, young adults in UTAR showed a prevalence for pes planus 

with a percentage of 72.15% (n=57) out of 79 young adults recruited in this study. 

It is found that the left pes planus foots are having higher severity, where 50.9% 

of the left foot were classified as 3rd degree of severity. Apart from that, it is 

shown that prevalence of ATC alone was 33.3%, PTTD alone was 17.5%, both 

ATC and PTTD was 42.1% and ankle instability was 64.9%. This showed that 

young adults with pes planus are having greater tendency to develop both ATC 

and PTTD. Although there is high prevalence shown on the prevalence of ankle 

instability among the young adults with pes planus. However, there is no 

significant correlation found in between ATC alone with ankle instability, PTTD 

alone with ankle instability and both ATC and PTTD with ankle instability from 

this present study. The no significant findings of the correlations did not vary 

among young adults with pes planus in respect to unilateral pes planus, bilateral 

pes planus, leg dominance and all 3 degrees of severity (1st, 2nd and 3rd). 

 

Apart from the findings mentioned above, some interesting findings were 

noticed as well from this study. Among all 177 participants, it is noticed that 

only 1.7% of the right and left foot of the participants were classified as normal 

foot arch respectively. The low percentage of normal foot arch participants found 

within this study is worrisome and a new arising problem that we need to further 

look into in the future. In addition, among young adults with pes planus, only 
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28.1% of the young adults reported that they are aware regarding the presence 

of pes planus, while the remaining 71.9% of the participants are unaware for the 

presence of pes planus among them. It is important to educate and spread the 

general awareness and knowledge of pes planus among the public regarding their 

foot health, as early diagnosis can prevent the further progression of this 

deformity, correcting this foot arch back to near normal as soon as possible 

before other complications that are devastating to the health of the individual 

had occur.  
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APPENDIX D 

PERSONAL DATA PROTECTION STATEMENT 

 

Please be informed that in accordance with Personal Data Protection Act 2010 

(“PDPA”) which came into force on 15 November 2013, Universiti Tunku 

Abdul Rahman (“UTAR”) is hereby bound to make notice and require consent 

in relation to collection, recording, storage, usage and retention of personal 

information.  

 

1. Personal data refers to any information which may directly or indirectly 

identify a person which could include sensitive personal data and expression of 

opinion. Among others it includes:  

a) Name  

b) Identity card  

c) Place of Birth  

d) Address  

e) Education History  

f) Employment History  

g) Medical History  

h) Blood type  

i) Race  

j) Religion  

k) Photo  

l) Personal Information and Associated Research Data  

 

2. The purposes for which your personal data may be used are inclusive but not 

limited to:  

a) For assessment of any application to UTAR 

b) For processing any benefits and services  

c) For communication purposes  

d) For advertorial and news  

e) For general administration and record purposes  

f) For enhancing the value of education  

g) For educational and related purposes consequential to UTAR  

h) For replying any responds to complaints and enquiries  

i) For the purpose of our corporate governance 

j) For the purposes of conducting research/ collaboration  

 

3. Your personal data may be transferred and/or disclosed to third party and/or 

UTAR collaborative partners including but not limited to the respective and 

appointed outsourcing agents for purpose of fulfilling our obligations to you in 

respect of the purposes and all such other purposes that are related to the 

purposes and also in providing integrated services, maintaining and storing 

records. Your data may be shared when required by laws and when disclosure is 

necessary to comply with applicable laws.  
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4. Any personal information retained by UTAR shall be destroyed and/or deleted 

in accordance with our retention policy applicable for us in the event such 

information is no longer required.  

 

5. UTAR is committed in ensuring the confidentiality, protection, security and 

accuracy of your personal information made available to us and it has been our 

ongoing strict policy to ensure that your personal information is accurate, 

complete, not misleading and updated. UTAR would also ensure that your 

personal data shall not be used for political and commercial purposes.  

 

6. By submitting or providing your personal data to UTAR, you had consented 

and agreed for your personal data to be used in accordance to the terms and 

conditions in the Notice and our relevant policy.  

 

7. If you do not consent or subsequently withdraw your consent to the processing 

and disclosure of your personal data, UTAR will not be able to fulfill our 

obligations or to contact you or to assist you in respect of the purposes and/or 

for any other purposes related to the purpose.  

 

8. You may access and update your personal data by writing to us at 

wannisee@1utar.my 

 

Acknowledgment of Notice  

[ ] I have been notified and that I hereby understood, consented and agreed per 

UTAR above notice.  

[ ] I disagree, my personal data will not be processed.  

 

 

 

…………………………  

Name:  

Date: 
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APPENDIX E 

INFORMATION SHEET AND CONSENT FORM 

 

Research Participant Information Sheet 

 

Universiti Tunku Abdul Rahman 

M. Kandiah Faculty of Medicine and Health Sciences 

Department of Physiotherapy 

Bachelor of Physiotherapy (Honours) 

 

Information Sheet to Participate in the Study 

A Correlation Study between Achilles Tendon Contracture and Posterior Tibial 

Tendon Dysfunction on Ankle Instability Among Young Adults with Pes 

Planus 

 

Student Investigator: See Wan Ni 

Department: Physiotherapy 

Course Name and Course Code: UMFD3026 Research Project 

Year and Semester: Year 3 Semester 2 

Supervisor: Dr. Deepak Thazhakkattu Vasu 

 

You are being asked to volunteer for this research study that is being conducted 

as part of the requirement to complete the above mentioned course.  

 

Please read this information sheet and contact me to ask any questions that you 

may have before agreeing to take part in this study.  

 

Purpose of the Research Study 

The purpose of this study is to determine and compare the correlation of Achilles 

tendon contracture and posterior tibial tendon dysfunction on ankle instability 

among young adults with pes planus. 

 

Approximately 401 students will participate in this study.   

 

Procedures 

If you agree to be in this study, you will be going through a total of 3 stations 

once you are found to be eligible through screening conducted by our examiner.  

 

Screening for pes planus (flat foot):  

You will be asked to print your footprints on a piece of paper after stepping on 

the footprint ink mat. 

 

Proceed to station 1 if found to have CSI of ≥ 45%. 

 

Station 1 – Presence of Achilles tendon contracture:  

In this station, you will be asked to take off your shoes. You will be positioned 

in lying. To test the tightness of your calf muscles, you will be asked to point 
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your toes towards the ceiling while your knee is kept in bend and in straighten 

position. The angle of your ankle moved will be measured and recorded down. 

 

Station 2 – Presence of posterior tibial tendon dysfunction:  

In this station, you will be asked to take off your shoes. In standing, you will be 

instructed to lift your heel up as high as possible from the floor by one leg. Then, 

repeat on the other side of the leg.  

 

Station 3 – Y balance test: 

This station is to measure your balance. Shoe wearing is allowed, sport shoes are 

recommended in this station. You will be standing on the platform of the balance 

kit in the middle, by standing on 1 leg, you will need to push the reach indicator 

in 3 different direction by your free leg while maintaining the heel of standing 

leg in contact. A demonstration will be performed first by the examiner and you 

will be given 6 trials to familiarize with the test. On the start of the test, you are 

given with 3 chance to push the reach indicator as far as possible, the average 

value will be taken from the 3 trials attempted. Afterwards, the length of your 

leg will be measured in lying by the examiner.  

 

Upon completing all stations, you will be notified with your result of the tests. 

 

Length of Participation 

This study will be conducted for approximately 30 minutes.  

 

Risks and Benefits 

There are no risks from being in this study. 

 

By participating in this study, participants may be benefited with diagnosis on 

pes planus that was previously unaware, along with series of screening to rule 

out other associating factors. The produced results of this study will help to help 

physiotherapist in formulating effective program to prevent and managing ankle 

instability among individuals with pes planus. Hence, preventing increasing risk 

of injury to occur as a result of ankle instability. 

 

Confidentiality 

No information that will make it possible to identify you, will be included in any 

reports to the University or in any publications.  

Research records will be stored securely and only approved researchers will have 

access to the records. 

 

Voluntary Nature of the Study 

Participation in this study is voluntary. If you withdraw or decline participation, 

you will not be penalized or lose benefits or services unrelated to the study. If 

you decide to participate, you may decline to answer any question and may 

choose to withdraw at any time. 

 

Contacts and Questions 
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If you have any questions, clarifications, concerns or complaints, about the 

research, the researcher conducting this study can be contacted at 017-2075409 

and wannisee@1utar.my 

Our supervisor can be contacted at Dr. Deepak Thazhakkattu Vasu, 

deepak@utar.edu.my, concerns, or complaints about the research and wish to 

talk to someone other than individuals on the research team.  

 

Please keep this information sheet for your records.  

 

----------------------------------------------------------------------------------------------- 

Research Participant Consent Form 

 

Universiti Tunku Abdul Rahman 

M. Kandiah Faculty of Medicine and Health Sciences 

Department of Physiotherapy 

Bachelor of Physiotherapy (Honours) 

 

Consent Form to Participate in the Study 

A Correlation Study between Achilles Tendon Contracture and Posterior Tibial 

Tendon Dysfunction on Ankle Instability Among Young Adults with Pes 

Planus 

 

Student Investigator: See Wan Ni 

Department: Physiotherapy 

Course Name and Course Code: UMFD3026 Research Project 

Year and Semester: Year 3 Semester 2 

Supervisor: Dr. Deepak Thazhakkattu Vasu  

 

I have read the provided information, or it has been read to me. I have had the 

opportunity to ask questions about it and any questions I have, has been 

answered to my satisfaction. I understand that I will be given a copy of this form, 

and the researcher will keep another copy on file. I consent voluntarily to be a 

participant in this study. 

 

  

 

Name of Participant: _________________________________ 

 

IC No:  ______________________ Date: ________________ 
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APPENDIX F 

DEMOGRAPHIC DATA COLLECTION FORM 
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APPENDIX G 

ASSESSMENT FORM 

 

Name:  

Student ID:  

 

  

Height (cm):  Weight (kg):  BMI: 

 RIGHT LEFT 

Dominant side   

a (cm) 

b (cm) 

CSI (%) 

  

Dorsiflexion (º): 

(1) Knee Flexed: 

(2) Knee Extended: 

  

SHRT (+/-)   

Y Balance (3 trials): 

(1) Maximum reach distance (cm): 

Antero: 

Posteromedial: 

Posterolateral: 

Sum of all 3 direction: 

1 2 3 1 2 3 

(2) Limb length (cm):   

(3) Composite score (%):   
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APPENDIX H 

TURNITIN REPORT 
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