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Abstract 

PROBLEM: Prophylactic ankle taping (PAT) has been used in the sporting domain as a 

protective modality on healthy individuals. Despite increases in joint stability afforded to the 

ankle, the potential for reductions in movement execution and detrimental compensatory 

mechanisms at more proximal joints remain ambiguous. It is important to understand the overall 

effects of PAT to ensure healthcare professionals make evidence-informed decisions. 

PURPOSE: The present work sought to clarify potential injury and movement performance 

implications of PAT in a healthy population. Specifically, we sought to understand whether 

mechanical restriction at the ankle joint influenced the potential for injurious joint range of 

motion and force generation at the ankle and knee joint, by examining joint intersegmental 

angles and moments of force. Further, we aimed to analyze whole-body dynamic stability during 

sport-specific movements to determine the effects of PAT on movement execution. Together, 

these analyses provided context to understand potential transactions between whole-body 

stability to protect musculoskeletal injury risk.  

METHODS: Whole body kinematic and kinetic data were collected from 46 participants during 

five movements - ranging from uniplanar to multiplanar - which aimed to increase the challenge 

to stability and evoke changes in joint kinematics and kinetics deemed to be associated with knee 

joint injury risk. Three-dimensional ankle and knee joint angles along with intersegmental 

moments of force were calculated, accompanied by the margin of stability and angle of 

divergence of the net ground rection force. To provide context to primary outcome variables, 

active ankle range of motion trials were collected before and after the experimental trials; the 

whole-body centre of mass velocity was also calculated. Repeated measures ANOVAs were used 

to assess the effects of PAT and movement complexity on whole-body dynamic stability and 



ii 

 

joint-level variables, along with the potential for differential effects of PAT with movement 

complexity. 

RESULTS: PAT restricted the sagittal plane ankle kinematics and kinetics but led to no frontal 

plane differences. Investigation at the knee joint revealed no differences associated with PAT in 

either frontal or sagittal planes, except for a reduced knee abduction moment of force. Frontal 

and sagittal plane whole-body dynamic stability measures showed no difference between taping 

conditions, apart from time to peak instability in the sagittal plane. Secondary analyses revealed 

no change in centre of mass velocity with PAT. Active range of motion was significantly 

reduced for sagittal (plantarflexion and dorsiflexion) and frontal (inversion and eversion) plane 

kinematics. 

CONTEXT: This research suggests that PAT may be a useful application for non-injured 

populations as it provides sagittal plane restriction at the ankle with no injury inducing 

instabilities or compensations at the knee or in whole-body dynamic stability.  
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Chapter 1 – SCIENTIFIC FRAMEWORK 

1.1 General Overview  

 Lower extremity sports injuries are a serious epidemic among all populations and an 

increasing health concern in Canada over the last few decades (Belton, Pike, Heatley, Cloutier, & 

Skinner, 2015). From 2007-2010, 56,691 sports related injuries were reported across Canada, 

resulting in a high financial burden to the healthcare system. Sports related injuries increase the 

likelihood of potential income loss due to the subsequent inability to perform activities of daily 

living (Fridman, Fraser-thomas, Mcfaull, & Macpherson, 2013). Additionally, reduced activity 

due to injury can cause muscle atrophy, reduced proprioception, and a decreased quality of life 

(Niu et al., 2016; Prentice, 2014). Ankle sprains are reported to be the second most common 

sport related injury accounting for 10-28% of all sporting injuries (Niu et al., 2016; Raymond, 

Nicholson, Hiller, & Refshauge, 2012; Williams, Ng, Stephens, Klem, & Wild, 2018). In 

addition, ankle sprains account for the largest reason for athletic activity absences due to the 

relatively weak collateral ligaments of the ankle (Niu et al., 2016). Ankle sprains can cause many 

detriments throughout the ankle complex (muscles, ligaments, tendons, and bones surrounding 

the talocrural and sub-talor joints) and ultimately lead to chronic ankle instability (Gribble et al., 

2016). The three main lateral ligaments of the ankle complex, consisting of the anterior 

talofibular, posterior talofibular and calcaneofibular ligaments, are the most commonly injured 

ligaments during sport participation (Niu et al., 2016; Prentice, 2014). Strength, stability, reactive 

control, and quality of life are just a few factors that can be adversely impacted due to damage at 

the ankle (Doherty et al., 2014; Gribble et al., 2016; Kristianslund, Bahr, & Krosshaug, 2011).  

As damage to the ankle occurs, common rehabilitation approaches aim to improve 

restorative function to the ankle prior to injury. There are two types of rehabilitation techniques: 
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internal and external. Internal rehabilitation aims to restore damaged or altered musculoskeletal 

function to a pre-injured level. These include techniques targeted to improve proprioception, 

muscular strength, and reactive control performed in techniques, such as strength training, 

athletic therapy, and physical therapy (Doherty et al., 2014; Kristianslund et al., 2011). External 

techniques are used to protect and restrict excessive ankle range of motion (ROM) to assist in 

participation of sport amongst an injured population (Klem, Wild, Williams, & Ng, 2017; Niu et 

al., 2016; Raymond et al., 2012; Williams et al., 2018). Ankle taping and ankle bracing are two 

of the most common external techniques used on athletes due to their ability to mechanically 

protect and limit excess ROM about an injured ankle complex. These ankle supports reduce 

approximately 70% of re-injury incidences in previously injured athletes (Niu et al., 2016). 

Reaggravation of an injured tissue inhibits the body’s natural healing abilities and can prolong 

the original rehabilitation timeline. Therefore, many healthcare professionals opt for an external 

stabilizer to prevent elongation of injured lateral ankle ligaments (Prentice, 2014). The use of 

ankle taping and bracing have increased amongst injured populations due to higher rates of 

participation and decreased re-injury rates (Niu et al., 2016; Prentice, 2014; Stoffel et al., 2010). 

Given the success and benefits of ankle taping and bracing, it has been proposed that these 

benefits can be translated to a non-injured population to prevent ankle injuries.  

The anterior talofibular, calcaneofibular, and posterior talofibular ligaments are the most 

commonly injured ligaments of the lateral ankle, with the anterior talofibular ligament being the 

weakest of the three ligaments (Niu et al., 2016; Prentice, 2014; Figure 1). The main movement 

that causes injury to the ankle is in the frontal plane (inversion), although it has been documented 

that sagittal plane movement, specifically plantarflexion, can negatively influence the severity of 

injury (Kristianslund et al., 2011). Excessive ROM of these sagittal and frontal plane excursions, 
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along with externally applied forces, can cause damage to the lateral structures of the ankle 

(Williams et al., 2018). Figure 1. highlights damage to the three main ligaments of the ankle. 

Figure 1: Inversion ankle sprain.  

 

Prophylactic ankle taping (PAT) is a commonly used technique to protect the ankle joint 

from injury. This pertains more specifically to lateral ankle sprains, which are among the most 

frequent injuries in sports involving running, jumping, and agility activities (Mickel et al., 2006; 

Tamura et al., 2017). PAT provides restriction at the ankle by applying external, mechanical 

restraint to limit the amount of ankle inversion and plantarflexion, preventing excess ROM. It 

can be proposed that PAT reduces the likelihood of the ankle’s ability to exceed these harmful 

ROM parameters, lowering the risk of sustaining an injury throughout movement (Williams et 

al., 2018).  

Using PAT as an external technique has documented benefits on an injured population. 

Although the method is commonly used technique on a non-injured population, it has yet to be 

clarified whether using PAT on a non-injured population provides benefits without any potential 

repercussions (Distefano, Ma, Padua, Brown, & Guskiewicz, 2008; Stoffel et al., 2010). Failure 
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to understand if an application is beneficial or detrimental to a non-injured population can be 

catastrophic if the application proves to more harmful than helpful. Healthcare professionals 

have an obligation to provide the best care for those who lack specific knowledge in the injury 

prevention process. Therefore, there is a need to further understand the benefits and 

consequences PAT may elicit on a non-injured population. Although PAT can restrict injurious 

ankle ROM, it is unclear if this prophylactic technique induces potential harm across the lower 

extremity including the ankle, knee, and hip joint. Current literature places an emphasis at the 

knee joint due to the knee joint’s potential for debilitating sport injury being higher than that of 

the hip joint (Prentice, 2014). In addition, due to more frequent and debilitating injury 

incidences, many studies delimit investigations to specific ankle and knee observations (Stoffel 

et al., 2010; West, Ng, & Campbell, 2014). PAT has been observed to decrease excessive, and at 

times normal, ROM of the ankle (Klem et al., 2017). Structures, such as the hip and the knee, 

may be executing altered and potentially injury-inducing movement patterns to compensate for 

the lost degrees of freedom at the ankle (Klem et al., 2017; Stoffel et al., 2010). In addition, PAT 

may alter mechanical loading and energy distribution across the lower extremity. This can occur 

due to intercompensation of joint angles and joint moments across the lower extremity, such as 

knee flexion angle and moment or knee internal rotation angle and moment. Increase in joint-

level kinetic and kinematic intercompensation can place the anterior cruciate ligament (ACL) in 

a taut position causing tension across the ACL. This results in heightened risk of injury (Dai, 

Mao, Garrett, & Yu, 2014; Meyers et al., 2015; Quatman, Quatman-Yates, & Hewett, 2010). 

Functional alterations caused by PAT can have substantial implications for prescribed usage on a 

non-injured population if they affect normal movement patterns of the lower extremity. If 

reduced ankle ROM can create a redistribution of forces amongst more proximal musculoskeletal 
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tissues, such as the knee, these tissues may be incapable of withstanding high levels of force. In 

addition, creating increased peak excursions at the knee may pose dangerous ramifications, 

including strains and sprains. Niu et al (2016) found that the use of prophylactic ankle supports 

elevated vertical ground reaction force (VGRF) peaks during the heel strike phase. In addition, 

they observed decreased time of contact to forefoot strike and time of contact to heel strike. They 

proposed that prophylactic ankle supports may have deteriorating factors in the ankle joint’s 

ability to accommodate force distribution across the lower extremity relative to an ankle with no 

support. This is evident by the amount of time taken to reach specific locations of the foot and 

the increase in VGRF on heel strike. It was also highlighted that the inability to control force 

distribution may pose a risk to more proximal joints of the lower extremity. For example, the 

ACL is one of the most common injures seen by orthopaedic surgeons (Erickson, Pham, & Haro, 

2016). The ACL is estimated to have 200,000-250,000 yearly injuries in the US alone, with 

around half requiring surgical reconstruction (Erickson et al., 2016; Quatman et al., 2010). If 

PAT has any effects that may place an individual in a heightened risk an ACL injury, prescribing 

PAT as a protective tool may be counterproductive. Further research bridging the gaps of PAT 

on ACL risk can provide healthcare professionals with a more definitive rationale, when utilizing 

an application that is known to be predominately assistive on a non-injured population. 

Mechanically restricting ROM in the form of PAT has been shown to limit passive ankle 

inversion/eversion, a movement predominantly performed by the subtalar joint, by up to 41% 

(Williams et al., 2018). PAT can also reduce the ROM in ankle plantarflexion/dorsiflexion, a 

movement predominately performed by the talocrural joint. During execution of a single leg 

drop-jump landing from a 30 cm box, plantarflexion/dorsiflexion was shown to reduce ROM by 

24% (Williams et al., 2018). It has been determined that when the ankle is placed in an over-
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pronated position (pes planus), the tibia internally rotates, causing a higher knee valgus angle, 

which is a common cause of ACL tears (Prentice, 2014). In addition, knee valgus can also be 

interpreted as knee abduction in which the total amount the shank (tibia and fibula combined 

segment) deviates from the midline in reference to the thigh segment. PAT places an emphasis 

on creating an optimal ankle position by mechanically everting the ankle to prevent excessive 

ankle inversion (Prentice, 2014). In congruence, the meta-analysis completed by Lima, Ferreira, 

de Paula Lima, Bezerra, de Oliveira, Almeida, et al., (2018) found that reduced ankle 

dorsiflexion had an increase on dynamic knee valgus. Dynamic knee valgus is a composition of 

excessive femoral adduction, internal rotation, tibial internal rotation, and knee valgus (medial 

displacement of the knee). The author’s determined that when ankle dorsiflexion is restricted, 

participants may perform compensatory movements in the frontal or transverse plane throughout 

the kinetic chain to alleviate the lack of ROM in the sagittal plane. This connection between 

ankle dorsiflexion and dynamic knee valgus may have negative implications at the knee, as this 

dynamic knee valgus has been purported to be one of the mechanisms of non-contact ACL tear 

(Lima et al., 2018; Quatman et al., 2010).  Furthermore, the use of PAT has the potential to place 

individuals in a dynamic knee valgus position by physically over-pronating the ankle and 

reducing ankle dorsiflexion, which may increase the likelihood of an ACL tear.  

There is ambiguity in the current research regarding the effects of PAT at joints proximal 

to the ankle. Contrasting findings in the literature may be attributed to the movement tasks 

chosen for investigation, measurement tools used, and variables analyzed. To begin, movement 

tasks may attribute to the efficacy of PAT. Breaking down the complexity of a sporting 

movement by understanding if the movement is either unidirectional/uniplanar or 

multidirectional/multiplanar may be beneficial. Unidirectional movement is predominantly in a 
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linear trajectory, such as a straight-line sprinting task. Similarly, uniplanar tasks consist of 

movement execution that is predominately in one body plane (frontal, sagittal or transverse). In 

contrast, multidirectional movements change linear trajectories once or more before the 

movement is complete, such as in a cutting task. Similarly, multiplanar movements involve 

multiple body planes changing concurrently to complete the movement task. By analyzing these 

movements from a unidirectional (planar) and multidirectional (planar) standpoint, we can 

investigate the efficacies of PAT across a range of movement complexity. While observing a 

unidirectional rebounding task, Williams and colleagues (2017) found PAT decreased ankle 

inversion and knee internal rotation moment and medial sheer forces. The authors believed this 

to be beneficial as PAT reduces ankle inversion ROM while reducing potential injurious 

moments of force at the knee joint. However, this may have arisen due to the movement itself 

being unidirectional/uniplanar, thereby facilitating the restriction afforded by PAT. In a 

multidirectional cutting task, Williams et al. (2017) observed that PAT did not restrict ankle 

inversion and found there was an increase in knee internal moment. Therefore, the type of 

movement (i.e., uni- vs. multi-directional) may hinder the ability of PAT to reduce ankle 

inversion and, therefore, its ability to reduce potential injurious forces across the knee joint. 

Incorporating the analysis of whole-body dynamic stability, in addition to analyzing different 

types of movements, provides broader, more holistic observation of PAT compensations, which 

can provide context to specific joint-level compensations when PAT is applied. For example, it 

may be possible that PAT induces changes at the joint level, but whole-body stability is 

maintained; conversely, joint-level variables may remain consistent with PAT, but whole-body 

stability becomes compromised. As such, we sought to answer the question: does PAT influence 
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performance of a task (i.e., whole-body stability) or lead to kinetic/kinematic alterations that may 

compromise the individual joints? 

Measurement outcomes of PAT effects in previous studies often lack whole-body 

dynamic stability components which may provide explanations for segmental kinetic and 

kinematic outcomes presented in the literature. Assessments of whole-body dynamic stability 

aims to quantify the whole-body movement parameters of an individual to understand an 

individual’s performance in remaining stable through a dynamic task/movement. These could 

include outcome measures, such as the orientation of the ground reaction force (GRF), 

locations/displacements of the centre of pressure (COP) and centre of mass (COM), along with 

compound variables derived from these whole-body movement outcomes. Further investigations 

may clarify the interrelations between whole-body dynamic stability and intersegmental 

properties when PAT is applied.   

The ankle has an important role in both static and dynamic stability. The ankle/foot 

provides proprioceptive information to the brain as a result of the foot’s connection with the 

ground to maintain postural stability in static and dynamic balance (Winter, Patla, Prince, Ishac, 

& Gielo-perczak, 1998). In addition, a non-injured ankle joint generates restabilizing moments 

and contributes to reactive stability control to prevent falls (Maurer, Mergner, & Peterka, 2006; 

Niu et al., 2016; Singer, McIlroy, & Prentice, 2014). Given the importance of the ankle’s role in 

providing a stable platform in both static and dynamic tasks, further work is needed to 

understand how whole-body stability can be impacted when the degrees of freedom are restricted 

at the ankle. 

Whole-body dynamic stability is constantly changing throughout different types of 

movements (Hof, Gazendam, & Sinke, 2005). As a sport-specific movement increases in 
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difficulty, such as requiring a smaller base of support (BOS) or altering levels of COM velocity 

(COMvel), this may place a higher demand on the musculoskeletal system to remain stable during 

movement. Therefore, an individual may initiate movement strategies that endanger the 

structural integrity of the musculoskeletal tissues used to maintain whole-body dynamic stability 

and/or performance of a task. The contrast may also be true, in which an individual may sacrifice 

stability or performance of a task to preserve the integrity of the musculoskeletal properties. 

Ambiguity in the interpretations of the ROM and forces acting on the lower extremity has been 

examined in recent years (Klem et al., 2017; Moore, Donovan, Murray, Armstrong, & Glaviano, 

2018; Williams et al., 2018). However, task selection and lack of whole-body dynamic stability 

consideration provide two main reasons of uncertainty for the use of PAT on non-injured 

individuals.  

Given the role of the ankle joint in managing stability, PAT may influence whole-body 

stability during ballistic tasks as highly dynamic tasks involve the generation of large, 

unbalanced forces. The present work is novel in its aims to understand how an individual 

manages restriction at the ankle and how they compensate to maintain stability throughout 

movement. Balance and stability control are fundamental components of sport movement 

control, particularly landing, planting, and cutting (Je, Ma, & Kim, 2011). Unlike static stability, 

in dynamic tasks the COM is predominantly outside the BOS. The body can utilize feed-forward 

control loops to help regulate stability (Winter et al., 1998), along with the reactive modulation 

of internally generated forces applied to the environment, which regulate the state of the COM 

with respect to the BOS in response to the current stability state (Qiu et al., 2012; Winter, 1995; 

Winter et al., 1998).  
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My research aims to clarify the role and potential injury implications of PAT in a non-

injured population. There is a need to understand whether PAT is requiring a demand for 

compensations in the lower extremity, specifically the knee joint. It is valuable to understand the 

effects PAT has on joint-level kinetics and kinematics as compensations may elicit an increased 

susceptibility of potential injuries that require extensive rehabilitation (e.g., ACL tear). In 

addition, clarifying the effects of PAT on whole-body dynamic stability is important, to 

understand if individuals are sacrificing dynamic stability or performance of a movement to 

accommodate for restriction at the ankle. The first level of analysis investigated whether PAT 

creates sufficient mechanical restriction at the ankle joint complex to alter potentially injurious 

ROM (i.e., kinematics) and moments of force (i.e., kinetics) at the ankle along with the 

consequential kinematic and kinetic effects at the knee joint. Secondly, I examined whether 

mechanical restriction at the ankle joint alters whole-body dynamic stability during sport-specific 

movements. The primary focus was to investigate whether individuals were sacrificing stability 

to spare the musculoskeletal structures of more proximal joints to that of the ankle or if 

individuals were attempting to preserve stability at the expense of potentially high mechanical 

loads across joints that are already at a high susceptibility for injury (or perhaps neither). This 

research can help healthcare professionals decide if the usage of PAT in a non-injured population 

is an appropriate modality in the sporting environment. This research can also provide insight on 

how individuals compensate their stability with a mechanical restraint at the ankle joint. Finally, 

this research will outline whether the incorporation of PAT is a viable and safe prescription in a 

sporting population. 
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1.2 Review of Literature  

1.2.1 Prophylactic Bracing and Taping  

Prophylactic ankle taping (PAT) and ankle bracing is a commonly prescribed application 

for an injured population for a lateral ankle sprain. (Raymond et al., 2012). Mechanical 

restriction at the ankle inhibits the body’s ability to surpass an extent of ankle inversion that may 

cause injury to the ligaments of the lateral ankle, specifically the anterior talofibular, 

calcaneofibular, and posterior talofibular ligaments (Purcell, Schuckman, Docherty, Schrader, & 

Poppy, 2009; Raymond et al., 2012). Normal ankle ROM has variability among injured and non 

injured populations. However, for a non injured population, ROM ranges from approximately 10 

degrees of dorsiflexion to 50 degrees of plantarflexion for the anteroposterior (AP) direction. For 

mediolateral (ML) movements in a non-injured population, ROM ranges from approximately 30 

degrees of inversion to 18 degrees of eversion (Prentice, 2014). The goal of mechanical 

restriction is to potentially reduce the likelihood of surpassing the normal ROM for a non-injured 

population for ankle plantarflexion and inversion.  

In a pathologic population with acute or chronic ankle instability, there is either an 

increase or no change in joint-level proprioception, static and dynamic balance, and sense of 

security when PAT or ankle bracing is applied (Ghai, Driller, & Ghai, 2017; Kuni, Mussler, 

Kalkum, Schmitt, & Wolf, 2016; McCann et al., 2017). These findings suggest that individuals 

who have sustained damage to the ankle will, at best, benefit from an external application to help 

provide stability and in some cases supplementary, proprioceptive feedback and, at worst, will 

not be hindered by external ankle support (Ghai et al., 2017). However, it remains undetermined 

if prophylactic ankle supports applied to a non-injured population replicates the documented 

benefits of those with chronic ankle instability. A rationale for lack of translation from injured to 
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non-injured application of PAT is the tests used to quantify balance. Static and dynamic balance 

tests consist mainly of static balance in quiet standing variations and dynamic balance with 

clinical tests such as the star excursion tests (Abián-Vicén et al., 2008; Hardy, Huxel, Brucker, & 

Nesser, 2008; McCann et al., 2017; Wikstrom, Tillman, Chmielewski, & Borsa, 2006) However, 

clinical tests are limited subjective observations of the clinician on the participant, rather than 

objective motion analysis software quantifications. Motion analysis of whole-body dynamic 

stability is capable of extracting balance, proprioception (whole-body and joint level) variables 

in sport-specific movements. 

Many athletes use tape to restrict ankle motion due to its relatively low costs and 

effectiveness for stabilization (Mickel et al., 2006). The ability of PAT to be customized to each 

individual ankle’s size and shape provides additional benefits to allow for proper utilization of 

mechanical restriction. The customizable rigidity and increased sense of comfort of PAT in 

comparison to ankle bracing are two main reasons PAT is still commonly used across most 

sporting platforms. However, the tightness, application, structural integrity maintained 

throughout exercise and type of tape used are some factors that influence the restrictive 

properties of PAT. Ankle taping can stabilize the ankle and prevent further injury or re-injury in 

a pathological population. Therefore, among non-injured individuals, the idea of using PAT as a 

protective measure has gained popularity over the past several decades (Trégouët, Merland, & 

Horodyski, 2013).  

There are many forms of bracing and taping methods that are used specifically for the 

ankle. The main differences between PAT and prophylactic ankle bracing are cost, convenience, 

and customizability. PAT provides a short-term, one-use accessibility for non-injured individuals 

to understand how restrictive properties are felt without the need to purchase a more expensive 
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ankle brace. Athletes also prefer the ability to have mechanical restriction applied specifically to 

their ankle. In addition, the long-term rigidity of ankle bracing will have less variability in 

restrictive ROM throughout duration of exercise than that of PAT. This can be seen as a 

detriment for an athlete due to PAT’s ability to be customized to a level of comfort and 

movement even though the structural integrity of PAT may loosen over 30 minutes to an hour of 

activity. For lateral ankle sprains, the top priority is preventing ankle inversion and ankle 

plantarflexion (Prentice, 2014). Ankle bracing and ankle taping share the goal of restricting 

ROM in these movement parameters.  

Although there are subtle differences between methods, ankle bracing and ankle taping 

research can generally be used interchangeably to understand the influence of mechanical 

restraint at the ankle as they both share the same goal of movement restriction, assuming the 

structural integrity of the tape is maintained throughout the experimental protocol. The Gibney 

closed basket weave is a commonly used PAT method for protecting the ankle from 

plantarflexion and inversion (Abián-Vicén et al., 2008; Figure 2). The Gibney taping technique 

provides a strong restraint that is primarily used on acute or chronically unstable ankles 

(Prentice, 2014). For a Gibney technique, the greatest support is placed when tape is applied 

directly on the skin and when the ankle is positioned in a 90-degree angle to support a closed-

pack position of the calcaneus on the talus which elicits less plantarflexion and inversion 

(Prentice, 2014). The type of tape (cloth vs. self-adherent), tightness, and therapist/trainer 

experience are secondary components that may affect the effectiveness of restriction at the ankle 

joint. 
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Figure 2: Prophylactic ankle taping modified Gibney technique.  

 

1.2.2 Pathologies of Interest   

1.2.2.1 Lateral Ankle Sprains. 

 In North America, the lateral ankle ligaments are one of the most commonly injured 

musculoskeletal structures (Doherty et al., 2014; Terada, Pietrosimone, & Gribble, 2014). This 

occurs as a function of internally generated forces and external reaction forces applied during 

change in direction; improper jumping and landing techniques, rapid deceleration, decreased 

support from static, and dynamic stabilization (Moore et al., 2018; Wikstrom et al., 2006). The 

anterior talofibular ligament, the calcaneofibular ligament, and the posterior talofibular ligament 

are the main ligaments of the lateral ankle. Collectively, these three ligaments, in combination 

with the ankle evertors muscle moments of the ankle (tibialis anterior, tibialis posterior, flexor 

digitorum, flexor hallucis, and extensor hallucis), assist in the prevention of ankle inversion 

(Prentice, 2014). With excessive force and deformation, these ligaments can become sprained 

past the yield point, in which each ligament may be unable to appropriately restrict the ankle. 

The anterior talofibular ligament is most commonly injured, followed by the calcaneofibular 

ligament, and lastly, the posterior talofibular ligament (Mickel et al., 2006; Staples, 1975). The 
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top priority for clinicians, athletic trainers, and corresponding healthcare professionals is to keep 

an individual safe and to promote injury prevention (Venesky, Docherty, Dapena, & Schrader, 

2006).  

1.2.2.2 Anterior Cruciate Ligament. 

 The ACL is one of four main ligaments of the knee. It assists with prevention of anterior 

tibial translation on the femur (Prentice, 2014). The ACL is one of the most often injured 

musculoskeletal structures of the knee and warrants a long recovery time (Quatman et al., 2010). 

It is estimated that in the United States alone, about 200,000 ACL ruptures occur annually 

(Wetters, Weber, Wuerz, Schub, & Mandelbaum, 2016). A surgical intervention to repair a torn 

ACL can elicit at least a six-month-long rehabilitation period (Erickson et al., 2016). Athletes 

can injure this ligament during contact and non-contact activity. An ACL injury during a non-

contact activity occurs as a result of an abnormal knee movement brought about by an increase in 

acceleration or deceleration forces, a change of direction, and multiplanar loading throughout the 

knee joint (Erickson et al., 2016; Quatman et al., 2010). Landing from a jump, twisting and 

pivoting in dynamic activity have also been noted as influential movement patterns for a 

mechanism of injury of the ACL (Dai et al., 2014; Munro, Herrington, & Comfort, 2012; 

Podraza & White, 2010). Specifically, these movement leads to a combination of multiplanar 

forces collectively acting on the knee joint with excessive accelerations/decelerations. In 

addition, primary mechanisms of ACL injury consist of increased hip adduction, increased knee 

extension, increased knee abduction, decreased plantarflexion, and the foot in an over-pronated 

or flat-footed position (Prentice, 2014). 

Many dynamic movements can create an environment for injury to occur at the ACL. If 

individuals are applying PAT to protect their ankles, regardless of whether they have sustained 
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an ankle injury, they may be causing compensations to occur at the knee due to a lack of ROM at 

the ankle. Restriction of the ankle with a Gibney taping technique can elicit an over-pronated 

(flat-footed position) by taping the ankle in an increased dorsiflexion and increased eversion 

position (Prentice, 2014). This can cause implications across the joints proximal to the ankle as a 

facet of this over-pronated position causing internal tibial rotation and a higher knee valgus angle 

with the potential for the ACL to become more vulnerable to injury (Prentice, 2014). 

 The knee, as a result of same-leg PAT, has been thoroughly examined to distinguish any 

implications that may influence susceptibility of injury (Distefano et al., 2008; Moore et al., 

2018; Stoffel et al., 2010). The current literature presents mixed results, with some studies 

concluding that PAT induces beneficial lower limb mechanics that may in fact reduce the 

susceptibility for injury at the knee, while other studies present PAT as a modality that has a 

detrimental effect on the kinetics and kinematics of the knee (Klem et al., 2017; Williams et al., 

2018). 

  The literature provides two main standpoints on the effect of  PAT on proximal joint 

compensation (Distefano et al., 2008; Klem et al., 2017; Barbosa et al., 2018; Moore et al., 2018; 

Stoffel et al., 2010; West et al., 2014; Williams et al., 2018). Either PAT provides detrimental 

effects to the lower extremity or PAT provides beneficial effects to the lower extremity. 

Kinetic/kinematic values at the ankle and knee joint in a taped condition are considered 

beneficial when the peak joint excursions and intersegmental moments of force are less then or 

equal to a non-taped condition. In such a case, PAT would be providing ankle kinetic/kinematic 

restriction with no overall impact on the proximal joints of the lower extremity. The main 

variables of interest in the literature are joint kinetics and joint kinematics. The ambiguity in 

research provides rationale for both kinematic and kinetic outcome variables.  
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There are two main challenges in distinguishing if PAT is viewed as either beneficial or 

detrimental. Primarily, the complexity of the movement patterns influences results pertaining to 

efficacy and safety. In unidirectional movements, like forward sprinting and vertical jumping, 

PAT has been shown to reduce shear forces at the knee, reduce valgus angle at the knee, and 

increase in knee flexion (Stoffel et al., 2010; West et al., 2014; Winter et al., 1998). These 

kinematic changes are considered beneficial as such knee kinematics are inconsistent with ACL 

injury mechanics. However, with increased movement complexity, there is a higher probability 

of imposing kinematic and kinetic patterns that elicit a negative compensatory response in the 

lower extremity (Stoffel et al., 2010; Williams et al., 2018).  

In multidirectional movements, studies have shown increases in shear forces acting on 

the knee, increased valgus angle, and reduction in knee flexion angle when taped compared to a 

non-taped condition (Klem et al., 2017; Williams et al., 2018). These would be considered 

detrimental, as they are consistent with movement patterns that replicate a susceptibility for ACL 

tears (Quatman et al., 2010). If PAT is affecting the joint mechanics of the knee differently in 

unidirectional compared to multidirectional movements, this may determine the sports in which 

PAT should be utilized. Sports that primarily utilize a unidirectional movement may gain benefit 

from PAT, in contrast to a sport that is primarily multidirectional. 

1.2.2.3 Functional Knee Anatomy. 

The knee is a modified hinge joint that is made of the femur, tibia, fibula, and patella 

(Prentice 2014). The largest movement plane occurs in sagittal plane motion in knee extension 

and flexion. The other joint actions include knee rotation, rolling and gliding (Prentice 2014). 

Collectively these movements assist an individual to help facilitate movement and provides large 

muscular architecture in the sagittal plane. In the frontal plane, there is less musculature to 
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provide major movements such as flexion and extension in the sagittal plane (Prentice, 2014). 

However, deviations from the shank (tibia and fibula) in relation to the femur can explain the 

amount of ROM that is occurring between the two segments. This can be quantified as knee 

abduction or knee valgus (medial displacement of the knee joint). Although knee abduction or 

knee adduction are not typically investigated in force generation, quantifications in kinetics and 

kinematics are commonly analyzed to understand the stress that is being applied to passive 

structures. Collectively understanding the kinematics and kinetics in the sagittal, frontal, and 

transverse planes at the knee gives representation of what is occurring in muscular and passive 

structures at the knee joint. These quantifications can determine stresses at the knee that may 

place an individual at a higher level for injury and should be analyzed collectively through three 

planes of investigation. 

1.2.3 Dynamic Movement 

 Dynamic movement is an essential aspect of sport-specific activities. The ability to 

accelerate, decelerate, change direction, and manoeuvre freely in the sporting environment gives 

individuals the capability to perform their best. However, with these abilities come an increased  

risk for injury (Quatman et al., 2010). Many injuries occur during multidirectional/multiplanar 

movements due to the additional stress placed on the musculoskeletal structures (Quatman et al., 

2010).  

1.2.3.1 Jumping and Landing. 

 In most sports, jumping and landing are used to gain a tactical advantage over an 

opponent or to achieve a measurable goal (Williams et al., 2018). In basketball, a jump shot 

allows the individual with possession of the ball to rise over their opponent in hopes of achieving 

their goal; in this instance, a basket. This jumping motion causes an individual to raise their 
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COM as they become airborne, causing a situation where an individual is required to regain 

whole-body stability as they make contact with the ground. As they land, the joints of the lower 

limb generate moments of force necessary to facilitate re-stabilization (Hof et al., 2005; Klem et 

al., 2017). If the individual is unable to effectively regulate their position and the velocity of the 

centre of mass (COMvel) within their BOS to regain stability, a stumble, fall or injury may occur 

(Hof et al., 2005; Wikstrom et al., 2006). 

  Full ROM in ankle dorsiflexion and plantarflexion allows for optimal absorption and 

propulsion techniques in dynamic weight bearing activities (Ozer, Senbursa, Baltaci, & Hayran, 

2009; Tamura et al., 2017). Due to the talus being wider anteriorly than it is posteriorly, when 

PAT is applied, the ankle is placed in an emphasized dorsiflexion position. This is also known as 

closed-pack position and optimizes the restriction and stability at the talocrural joint (Prentice, 

2014). The inability to have full ROM at propulsion in plantarflexion can alter an individual’s 

performance (Ozer et al., 2009). A decrease in ankle dorsiflexion may alter landing mechanics 

and influence injury risk to more proximal joints (Mason-Mackay, Whatman, & Reid 2017). 

Such injury may occur due to reduced ROM at the ankle, placing proximal joints in abnormal 

positions during landing.   

 During both static and dynamic movements, the ankle plantar flexors and dorsiflexors 

predominantly control GRF, COM displacement, and COP variables in the AP direction (Winter 

et al., 1998). Prophylactic restraint may impede proper landing mechanics due to restriction of 

the normal ankle ROM. If PAT is altering the ability of the ankle to properly control stability in 

the sagittal plane, other joints may have to contribute more to maintain balance during landing. 

This may occur in the form of increased muscle activation, increased moments of force, and 

increased ROM of each joint proximal to that of the restricted ankle.  
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While the ankle plays a lesser role in whole-body ML stability control in comparison to 

the hip joint, it is nonetheless important (Winter et al., 1998). Specifically, with PAT limiting 

ROM in ankle inversion and eversion, a greater than typical response may be needed from the 

hip joint. If PAT has a direct response on the ROM in the frontal and sagittal plane of movement 

at the ankle, this response can affect the way an individual maintains stability throughout a 

jumping and landing movement. 

1.2.3.2 Multidirectional and Multiplanar Movement. 

 Multidirectional/multiplanar movements are essential in sport. Multidirectional 

movements are completed in two or more directions, such as a lateral cutting. Multiplanar 

movements can be described as those that produce motion in two or three planes of motion. The 

generation and application of unbalanced forces cause accelerations that initiate the movement of 

a system (Zajac & Gordon, 1989). The need to be constantly in a state of motion (and, hence, 

state of imbalance) is a necessity for the majority of sport-specific movements. In addition, given 

the task requirements, a movement may be required that may hinder both whole-body and joint 

stability to perform the task correctly. For example, a wide receiver in American football may 

need to alter normal whole-body stability dynamics to catch a football within the field of play. 

The ability to optimally regulate dynamic stability during movement can determine the capability 

of an athlete’s ability to gain a favourable outcome in certain sport-specific tasks. In some cases, 

it is possible that an individual will unknowingly risk joint-level injury to maintain whole-body 

stability requirements necessary to complete a given task. In non-contact ACL injuries, it has 

been indicated that multidirectional movements such as landing, jumping, and cutting, which 

challenge the maintenance of whole-body stability, place a high load on the ACL (Bates, Ford, 

Myer, & Hewett, 2013; Quatman et al., 2010).  
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In the majority of these cases, the foot is the primary source of contact with the ground 

and the net-GRF (as a function of the super incumbent body weight and inertial forces) is 

transmitted throughout the lower limb to the ACL (Hewett, Torg, & Boden, 2009). When PAT is 

applied to the ankle, a mechanical restraint is altering the motion and the forces generated by, 

and transmitted through, the joints of the lower limb. This may alter whole-body stability along 

with the forces and moments across joints of the lower limb. The ankle is a versatile and 

relatively moveable joint of the lower limb. PAT can inhibit normal kinetics and kinematics of 

the lower extremity and, in consequence, whole-body stability. For these reasons, it is necessary 

to understand the direct implications of PAT on whole-body stability and intersegmental control. 

This will clarify if PAT should be used only on a pathologic population, or if it can be used in an 

injury prevention program on non-injured individuals. 

1.2.4 The Role of the Ankle in Static and Dynamic Stability 

1.2.4.1 Static Stability. 

 In static stability, various theories have been proposed to explain the regulation of 

balance and stability. The goal is to maintain the whole-body COM within the BOS during static 

stability by limiting postural sway. Postural sway refers to the amount of COM displacement in 

the anterior-posterior and medio-lateral planes when an individual is in a position of quiet 

standing, without a moving BOS (Winter et al., 1998). Generally, it is believed that the less 

postural sway an individual exhibits, the better they are at maintaining balance (Winter et al., 

1998). Three main models highlight how an individual can maintain upright stability in a quiet 

standing position with or without external perturbations: 1) inverted-pendulum model, 2) internal 

model, 3) sensorimotor integration model. 
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The inverted pendulum model explains that the body acts as an inverted pendulum in 

which the trunk, arms, and head pivot about the ankle joint. A feedforward loop regulates muscle 

stiffness and consequent ankle moments of force to control COM accelerations (body sway) 

(Winter et al., 1998). Moments of force can be described as “the turning effect of a force about 

any point; the product of the force and the perpendicular distance from its line of action to that 

point” (Winter, 1995, p.4). This model is predominately controlled by feedforward loops that 

pre-plan muscle tone or muscle stiffness at the ankle. The ankle predominately controls static 

stability in the AP direction of movement (Winter et al., 1998), whereby the 

plantarflexors/dorsiflexors help regulate the stiffness of the ankle to control the COM 

accelerations in the sagittal plane (Whitting, Steele, McGhee, & Munro, 2012). The ankle plays a 

lesser role compared to the hip when controlling stability in the ML direction, where hip 

abductor/adductor moments of force regulate joint stiffness and consequent COM accelerations 

(Winter et al., 1998).  

The ankle has rotational degrees of freedom that can be exploited to regulate balance and 

stability appropriately. Mechanical degrees of freedom can be defined as the number of 

independent parameters that define the configuration of a body in space (Zajac & Gordon, 1989). 

In motor control, degrees of freedom are the number of possible solutions to a motor task. In 

humans, the redundancy in motor output from individual muscles creates a situation known as 

the motor equivalence problem, which states that there are multiple possible solutions to achieve 

the same motor task outcome (Tomita, Feldman, & Levin, 2017). As such, there is a need to 

investigate how a human body initiates the optimal solution for movement.  

With an abundance of degrees of freedom, the internal model explains the body’s 

capability to limit the degrees of freedom and conserve energy (Dingwell, Mah, & Mussa-Ivaldi, 
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2002; Nowak, Glasauer, & Hermsdörfer, 2013; Tomita et al., 2017). This model states that the 

nervous system internally pre-specifies force output for individual segments based on body 

configuration and task demands, which reduce the effective degrees of freedom and simplify the 

stability control problem. Thereby, using initial feedforward mechanisms, and updating the 

internal model based on feedback mechanisms, an individual can generate appropriate amounts 

of force to achieve an optimal response to the task (Dingwell et al., 2002; Tomita et al., 2017). 

However, when a sensory, motor or mechanical disturbance is present, an individual may have 

issues completing the same goal with the same optimal level of control. Such information is 

relayed to the central nervous system through sensory feedback and the individual compensates 

for such a disturbance by updating the internal model to regulate appropriate force output. For 

example, when PAT is utilized, there is a mechanical constraint at the ankle that may limit 

appropriate force output by altering joint moments to maintain stability. Such a constraint should 

initially disrupt optimal movement as stiffness properties of the prophylactic tape are not 

included within the internal model. With task repetition, an individual may, through feedback 

mechanisms, be able to include the stiffness properties of the tape within the internal model and 

use them to their advantage to achieve a new solution for optimal control. Such a new solution 

could include compensations via other joints to overcome the mechanical ankle restriction. If the 

compensation is significant, this could place an individual in a position for injury to occur.    

 The sensorimotor integration model helps connect missing links to both the inverted-

pendulum model and the internal model. The sensorimotor integration model explains that there 

is constant sensory feedback occurring to help regulate responses to control body accelerations 

(Maurer et al., 2006; Peterka, 2002). In further detail, this communication allows a feedback loop 

to occur in which the body is activating the appropriate moments of force to counteract the 
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accelerations of the masses above the ankle. Proprioceptive, vestibular, and somatosensory 

receptors are three main sensory modalities used to detect instability and generate a reactive 

response (Maurer et al., 2006). These three main receptors in the sensorimotor model detect any 

changes that are occurring in body position, orientation, and acceleration. This model can be 

integrated with the inverted-pendulum model to achieve stiffness control with constant neural 

communication, whereby stiffness can be modulated online in response to instability. 

 Despite apparent differences between static and dynamic stability, these stability control 

models have important components that may shed light on the maintenance of dynamic stability 

in the context of PAT. Specifically, imposing any mechanical constraint on the ankle through 

prophylactic taping may increase the effective stiffness at the ankle joint, thereby altering 

feedforward control of stability. Moreover, mechanical ankle constraints may be incorporated 

into the internal model for stability control, whereby an individual learns to accommodate for 

such constraints by altering intersegmental moments of force at more proximal joints. Lastly, 

PAT may influence somatosensory information regarding joint or whole-body position, which 

may place an individual at risk for injury. However, it may also be possible that PAT may also 

enhance the somatosensory feedback and enhance stability control due to the increased pressure 

and sense of body awareness that tape may add to the segment. 

1.2.4.2 Dynamic stability. 

 Although static stability is an important concept for static tasks, it is not easily translated 

to dynamic stability (Wikstrom et al., 2006). Dynamic stability or dynamic postural stability 

refers to the ability of an individual to achieve, maintain, and terminate movement in a relatively 

controlled manner (Hof et al., 2005). Dynamic stability differs from static stability mainly 

because of the goals of the task. In dynamic stability, the goal is to complete a task and generate 
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unbalanced forces for acceleration and deceleration, to initiate and terminate movement. The 

specific relationship between COM and BOS is dictated by the task, but it is typical for the COM 

to be outside the BOS for the majority of the task duration, with the body fluctuating between 

periods of destabilisation and restabilsation. In static stability, the goal is to generate as little 

movement as possible, thereby keeping the COM within the BOS. Although the two types of 

stability are different, basic mechanisms of static stability remain valid within dynamic stability 

for a system to remain stable (Wikstrom et al., 2006).   

 The inverted-pendulum model, internal model, and sensorimotor model are commonly 

analyzed using static tasks. However, theoretical principles can be extrapolated to dynamic 

stability tasks. All three models use a dimension of feedforward loops, feedback loops or a 

combination of the two. These models explain that these loops assist in the ability of an 

individual to remain stable in a quiet standing task, with or without perturbations. These 

principles remain constant in a dynamic environment. For an individual to remain relatively 

stable, feedforward loops would need to provide muscle tone and muscle stiffness to counteract 

any gravitational and angular accelerations that may occur. These feedforward loops are 

complimented by feedback loops that utilize specialized receptors to help regulate any 

disturbances that may occur due to internal or external forces. This process helps an individual to 

be prepared and remain relatively dynamically stable (albeit in a state of imbalance) during 

dynamic tasks, all while maintaining the COM in the desired position throughout movement.  

 When PAT is recommended for a non-injured population, stability may be compromised 

during movement. This may arise from the effect that ankle restriction has on the feedforward 

and feedback loops. With regard to the feedforward loops, when PAT is applied, the restriction 

adds to the amount of stiffness to the ankle joint. When this occurs, the whole-body must 
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compensate for the additional external stiffness. This restriction may cause variations of normal 

ROM and normal muscular activity and may subsequently affect the phase before foot contact by 

restricting the extent of movement, the sense of position, and the ability to generate appropriate 

levels of force for movement and stability control. Any changes in the feedforward or feedback 

components stated above can influence how an individual is able to control stability during the 

landing phase of movement when the foot is in contact with the ground. 

 Feedback loops may be affected by similar means. If PAT affects the ankle 

mechanoreceptors, proprioceptors, or the degrees of freedom (i.e., solutions to the stability 

control problem) through an external mechanical restriction, there exists the potential to alter the 

communication of sensory information to the nervous system and consequently the reactive 

stability response. Possible receptors, such as the proprioceptors, mechanoreceptors, and 

nociceptors all have the capacity to be affected due to the compression and restriction of PAT 

(Ghai et al., 2017; Hopper et al., 2014; Ozer et al., 2009; Qiu et al., 2012). If the sensory 

receptors are affected, this can lead to changes in normal movement patterns and overall change 

in stability and balance. The current literature has suggested improvements in joint 

proprioception brought about by PAT. For example, Iris et al., (2010) found that proprioception 

was improved throughout differing degrees of dorsiflexion in a taped condition compared to a 

non-taped condition. Participants were placed at neutral,10 degrees, and 20 degrees of 

dorsiflexion/plantarflexion using graduated surfaces. The participants were asked to memorize 

their foot position at each position after receiving five seconds to gain awareness. Iris and 

colleagues then utilized three-dimensional motion analysis to assess the difference of the position 

when placed at graduated surfaces (10 and 20 degrees of incline) compared to the participants 

sense of position when the graduated surface was removed. It was found that participants had 
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less total movement error, or as the authors described, an increase in proprioception in 

dorsiflexion, in a taped condition when compared to a non-taped condition (Iris et al., 2010). 

Although improvements in proprioception may occur, this study utilized static stability at the 

joint level to understand if an individual has increased body awareness due to tape. It is still 

needed to be determined if this increase of proprioception translates to a dynamic movement 

rather than a memorized static position. 

1.2.4.3 PAT and Whole-body Stability 

When a prophylactic restriction is placed at the ankle to protect the lateral structures of 

the foot, the goal is to restrict the ROM to prevent any deformation of ligaments of the foot 

(Hopper, Grisbrook, Finucane, & Nosaka, 2014). PAT and ankle bracing have the ability to 

affect the mechanical degrees of freedom and the somatosensory components of stability 

(Distefano et al., 2008; Ghai et al., 2017; Ozer et al., 2009). By mechanically restricting ROM at 

the ankle, the muscles, tendons, and ligaments are not able to move the foot appropriately 

(Hopper et al., 2014; Jeffriess, Schultz, McGann, Callaghan, & Lockie, 2015; Ozer et al., 2009; 

Purcell et al., 2009; Stoffel et al., 2010). The musculoskeletal system of the lower extremity must 

compensate to achieve a similar sense of stability relative to that of an individual’s normal 

stability. Compensation can occur at the hip and the knee to maintain control throughout 

movement (Stoffel et al., 2010; Tamura et al., 2017). This can cause larger moments of force at 

each proximal joint and create a larger demand for the proximal muscles of the lower extremity 

to maintain stability. These effects would need to compensate for the possible reduced moments 

of force at the ankle and the decreased ability of the muscles in the lower limb to allow the ankle 

to perform its specific action, as a result of PAT.  
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1.2.5 Intersegmental Control and Dynamic Measurement Tools   

1.2.5.1 Intersegmental Control. 

 In order for a system to operate optimally, all elements need to work in unison to 

complete a certain task (Qiu et al., 2012). Intersegmental dynamics regulates whole-body 

stability during task execution (Lima et al., 2018). The ankle, knee, and hip help orient the body 

in space and maintain balance of the whole-body. If any of these joints are affected by 

mechanical restrictions, either by pathology or external constraints, one or a combination of the 

remaining joints must compensate to achieve dynamic stability necessary for task execution 

(Erickson et al., 2016; McCann et al., 2017; Segal, Yeates, Neptune, & Klute, 2017).  

1.2.5.2 Dynamic Stability and Dynamic Stability Measurements. 

 The generation of unbalanced forces cause accelerations that enable movement.  As the 

body is relatively unbalanced throughout movements at non-constant velocity relative to a static 

position (Brown, Bowser, & Simpson, 2012), static balance measurements cannot be directly 

translated to dynamic balance due to different goals. Wikstrom et al. (2006) explain that “despite 

the numerous studies conducted in a static setting, researchers must use dynamic testing 

protocols for two main reasons to learn more about dynamic joint stability and how it fails” 

(p.405). The authors reviewed the concept of postural control for the comparison of static and 

dynamic balance. They discuss that the lack of evidence that a clear relationship exists between 

static and dynamic balance. Their second reason is that there are data that question the sensitivity 

of static balance tests to determine dynamic balance deficiencies when comparing susceptible 

and non-injured groups (Wikstrom et al., 2006). Although measures of static stability do not 

necessarily indicate an individual’s ability to remain stable in dynamic balance, the basic 

biomechanical components of stability are similar across all tasks. Therefore, extrapolated 

theories and components of static stability should also be utilized in dynamic stability measures.  
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 As a whole, the body has stabilizing mechanisms to keep its posture upright and itself 

safe throughout movement (Winter, 1995). In quiet standing, the inverted pendulum model 

proposes that the COM is the controlled variable and the COP is the controlling variable; COP 

oscillates around the COM to maintain the COM within the BOS afforded by the two feet in 

contact with the ground. As COM movement occurs, the time latency of the COP to track and 

oscillate the movement of COM occurs almost instantaneously, which suggests COM control via 

joint stiffness controlled by lower limb musculature. The stiffness control model expresses that 

the central nervous system produces muscle tone in certain aspects of the body to produce 

moments of force that counteract accelerations of the body. Since an individual’s COM is 

approximately two thirds of their height off the ground, without regulations of stiffness, the 

pendulum would topple over due to the body’s inability to counteract any COM displacement 

that may occur.  

Given that forces can both generate and control movement, there is a need to analyze 

stability by concurrently analyzing kinetic and kinematic properties. In the process of 

independently analyzing kinetics or kinematics, it is possible to misinterpret data due to lack of 

information on both the cause movement and effect of forces in generating such movement. For 

dynamic stability, the cause is the individual-limb or net-GRF acting on the system and the effect 

is the individual-limb or whole-body COM displacements in three-dimensions. If GRF is the 

only metric quantified, we lack information on how these forces generate or control movement. 

Conversely, analyzing kinematic variables in isolation explains the effects of forces, however, it 

provides no information on how these movements are initiated and/or controlled. From this, any 

changes in control of whole-body stability (i.e., task performance) can be used to contextualize 

specific lower extremity joint compensations occurring from PAT. 
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  PAT can affect net-GRF parameters, either with or without corresponding changes in the 

COM displacement compared to normal movement parameters. Given alterations in ankle 

kinetics as a function of PAT, whole-body stability may be challenged without corresponding 

compensations in knee and hip kinetics. Conversely, whole-body stability may be preserved 

through kinetic compensations at the ankle and knee. In either case understanding how whole-

body stability is influenced by PAT can provide context for the alterations (or lack of alterations) 

observed in lower body dynamics. More specifically, we can understand whether the individual 

is sacrificing the musculoskeletal system to preserve stability or if the individual is sacrificing 

the goal of stability to protect the joints of the lower limb. 

 Whole-body stability in the frontal and sagittal plane can, in part, be explained using the 

angle of divergence (AOD, θd) of the net-GRF with respect to the COM as an outcome variable. 

The AOD quantifies the eccentricity of the net-GRF relative to the whole-body COM, 

specifically, the angle between the net-GRF vector and a line joining the net-COP and COM. If 

the net-GRF were to act directly upon the COM, this would overlap the COP-COM inclination 

angle and an angle of zero would be present. If this were to occur, a result of a purely centric 

force would act upon the COM. As the angle deviates from zero (positive or negative), an 

eccentric force would, therefore, be present as the net-GRF begins to initiate angular acceleration 

upon the COM (Figure 3). This induced angular acceleration can be restabilizing (generally 

quantified as a positive θd) or destabilising (generally quantified as a negative θd; Singer et al., 

2014). In relation to whole-body stability, as the AOD increases, an individual may be able to 

better control angular accelerations of the COM by generating larger external restabilizing 

moments about the COM relative to an individual that maintains a lower degree of AOD, and 

consequently smaller external moments about the COM (Singer et al., 2014). This is supported 
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by previous studies demonstrating an inverse correlation between the AOD and the extent of 

COM displacement during single step balance recovery responses; individuals who generated 

larger angles of divergence exhibited less instability during restabilization (Singer et al., 2016). 

Further, in steady-state gait among young healthy adults, larger angles of divergence during 

double-support can help offset stability challenges evoked by constraints in step placement 

(Rawal & Singer, 2021). 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Angle of divergence (θd) between the ground reaction force vector (blue arrow) and of 

a line joining the centre of pressure (COP) and whole-body COM (dashed red line) for the right 

during single limb contact. 

  One additional method to gather data relevant to dynamic stability is known as margin of 

stability (MOS; Hof et al., 2005). This method is based on the inverted pendulum model with 

modifications to account for a non-zero COM velocity, essentially calculating a ‘velocity-

adjusted’ COM position. An extrapolated COM (XcoM) value can be quantified based on both 

the position and velocity of the COM relative to the natural frequency of a pendulum (given by 

leg length). 
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Equation 1: 𝑋𝑐𝑜𝑀 =  𝜒 +  (
Ẋ

𝜔0
),  

Where χ is the COM position, Ẋ is the COM velocity, and ω0 is the square root of the 

gravity (g) divided by leg length (l; ω0 =  √ (g/l); Hof et al., 2005). This can then be utilized in the 

following equation for dynamic MOS, MOS = XcoM – BOS. The XcoM can be used to determine 

the MOS. The MOS is the distance of XcoM to the forward or lateral aspect of the BOS. The 

MOS is typically expressed as the minimum MOS, but it could be expressed at any point during 

a movement. This equation has beneficial applications “as it bears direct relation to the minimal 

impulse needed to bring the subject out of balance” (Hof et al., 2005, p.5). If an individual has a 

positive MOS (i.e., XcoM within the BOS), the body is considered stable whereas an individual 

with a negative MOS (i.e., XcoM outside the BOS) is considered unstable. It is important to note 

that a step/foot contact with a negative MOS does not indicate that an individual will fall, but 

that corrective actions (i.e., lower limb kinetic alterations or temporospatial foot-placement 

modifications) are needed to prevent a fall (Figure 4).  



33 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Margin of stability, expressing a negative margin of stability.  

 

PAT can affect the AOD and MOS. The possibility of PAT restricting ankle movement 

can allow for disruptions of whole-body stability and intersegmental control. If PAT affects a 

single or a combination of variables such as the AOD (θd), the orientation of GRF, XcoM, the 

BOS, and the COP, this may increase values of a negative MOS. This suggests that an individual 

may have increased instability during movements (i.e., XcoM acting outside of the BOS), which 

would necessitate a larger AOD to control the COM. As a result, this can lead to a higher 

demand in joint kinetics and possible joint kinematic alterations for an individual to remain 

stable. To remain stable, the knee initiates movements that replicate patterns of injury; this could 

be detrimental to non-injured individuals who are prophylactically taping their ankles for 

protection.   
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1.2.6 Kinetic Response to PAT 

Understanding how forces affect the body during movement is important in determining 

whether the body is in a state that is susceptible for injury. As the body moves, the muscular 

forces and GRF acting across the joints are in constant fluctuation (Zajac & Gordon, 1989). The 

following section will provide insight into the specific forces and moments of force that are 

acting upon the lower extremity in unidirectional and multidirectional movement patterns when 

PAT is utilized. 

1.2.6.1 Vertical Ground Reaction Force and Moments of Force in Unidirectional 

Movements. 

 Kinetic influences refer to the external and internal moments of force and GRF acting on 

the lower kinetic chain (Bates et al., 2013; Kristianslund et al., 2011). During sport-specific 

activities, fluctuations in forces can cause deformation in a ligament, tendon or muscle 

(Kristianslund et al., 2011). PAT allows the forces acting on the ground to fluctuate due to 

increased stiffness and decreased ROM at the ankle (Abián-Vicén et al., 2008). This restriction 

can alter the kinetics of the lower extremity, specifically at the ankle and knee (Stoffel et al., 

2010; Williams et al., 2018). Although the ACL is less frequently injured in comparison to the 

ankle, knee injuries usually present as more severe, in terms of recovery (Stoffel et al., 2010). 

Therefore, for prophylactic restraint at the ankle to be effective, it should be a safe application 

that causes no excessive harm to proximal joints.  

The practice of PAT is used to protect the ankle from movements that encourage 

excessive ROM (Tamura et al., 2017). However, if excess ROM alters the moments of force that 

may create an additional increase in mechanical load on the ACL and other musculoskeletal 

tissues, it may be counterintuitive to use PAT in a non-injured population. If the moments of 

force and the amount of knee flexion are altered significantly when an individual is taped, the 
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tape restricting the degrees of freedom at the ankle may be an important precursor. Podraza & 

White (2010) had participants engage in a single leg drop-jump landing and suggested that a 

limited amount of knee flexion between 0-25 degrees created the largest amount of VGRF. They 

also noted that the smallest knee extensor moment was found with minimal knee flexion and 

suggest this may be an important factor in an injury, such as a non-contact ACL injury (Podraza 

& White, 2010). The authors found that, as knee flexion increased, net knee extensor joint 

moments also increased. This increase occurs due to the orientation of the resultant force vector 

relative to the knee joint centre (Podraza & White, 2010). When the knee was near full 

extension, the force vector was closer to the knee joint centre. As knee flexion increased, the 

further away the resultant force vector acted from the knee joint centre, creating a larger external 

moment arm and resultant knee extensor moment (Podraza & White, 2010).  

With net knee extensor moments being the smallest in full extension and the main 

occurrence of non-contact ACL tears being in full extension, it is possible that other forces 

surrounding the knee may be placing the knee in a position for injury (Podraza & White, 2010). 

This may occur in cases of low knee flexion and cause an individual to experience high 

magnitude forces for a short time duration that causing large mechanical loads on the bony and 

ligamentous structures of the knee joint. In contrast, an individual who has higher degrees of 

knee flexion may have a larger net knee extensor moment. However, this could be controlled 

through eccentric muscle activity that can absorb or dissipate energy in a more optimal manner 

and be less harmful for the bony and ligamentous structures of the knee. This could be one 

explanation for larger amounts of ACL tears occurring in full knee extension. Podraza & White 

(2010) suggest two possible hypotheses for why injuries occur at the ACL. Primarily, since net 

knee extensor moments are the smallest in full knee extension, the component responsible for 
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ACL strains may not be caused by an imbalance in musculature, but instead, rapid shear joint 

forces that propagate up the lower kinetic chain (Podraza & White, 2010).  Thus, during the 

deceleration phase of movement, damage to the ACL may not occur solely due to an overload of 

the quadriceps musculature. Podraza & White (2010) propose a second hypothesis which was 

investigated by Boden, Torg, Knowles, & Hewett, (2009); through video analysis, they found 

that ACL tears occurred with less knee flexion in most non-contact ACL injuries. They proposed 

that the occurrence of ACL strain was due to the lack of proper energy dissipation of the plantar 

flexors when participants landed heel first or in a flat-footed position. This research highlights 

that a restriction in knee flexion angle and landing in a flat-footed position is correlated to a 

possible increase in VGRF. As knee flexion occurs throughout contact with the ground, the 

ability to dissipate large amounts of force across time increases if concurrent eccentric moments 

of force are generated at the knee. By using musculature to dissipate energy, this could reduce 

loading on passive structures and, hence, decrease the chance of injury to occur. In contrast, if 

large external mechanical loads are placed while the limb is in full knee extension, large forces 

will act through a stiff leg and directly through the knee joint, causing high magnitude forces to 

act over short time duration, coupled with minimal internal (primarily muscular) knee moments 

of force. Ligamentous and bony structures of the knee are/may be solely responsible for 

dissipating high levels of force in a compressive manner. These high levels of force in 

congruence with knee internal rotation, may increase stress and strain on the ACL. PAT, through 

ankle restriction, may create an environment for increased stiffness across the lower kinetic 

chain. The increased rigidity of the lower limb could increase the amount of force being placed 

across the knee joint and compromise the body’s ability to dissipate the forces.   
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If there is an increase in VGRF due to stiffness in knee flexion, the lower extremity, and 

particularly the knee, may be at an increased risk of facing a high degree of loading. Less time to 

manipulate force propagation in the lower kinetic chain may also be a possible non-contact ACL 

injury precursor. Individuals with decreases in ankle plantar flexion and knee flexion angles 

during landing were considered to be more susceptible to injury, supposedly due to a the lack of 

muscle energy absorption of the GRFs (Boden et al., 2009). The majority of non-contact ACL 

injuries involve high loads and a combination of multiplanar movements that cause deformation 

of the tissue (Quatman et al., 2010). If PAT can effectively place an individual in a flat-footed 

position to protect the lateral ligaments of the ankle and alter the orientation and magnitude of 

the GRF acting on the lower extremity, it may place additional stress on the ACL.   

DiStefano et al. (2008) explain that during a jump-landing task, the application of a 

prophylactic ankle brace does not induce any significant change in VGRF. The authors recorded 

an increase in the extent of knee flexion and compared these findings to those presented by Yu, 

Lin, & Garrett, (2006), who found that the possibility of a larger knee flexion angle could reduce 

the amount of anterior tibial shear force acting on the knee. They concluded that ankle-bracing 

can be used as a beneficial modality for a non-injured population as it induces no significant 

change in VGRF and increases the angle of knee flexion. The outcome variables determined by 

DiStefano et al. (2008) suggest there is potential for PAT to promote protective forces acting at 

the knee throughout movement by limiting VGRF and shearing forces at the knee anteriorly. 

However, the study had limitations in the variables of interest and the movement patterns.  

DiStefano and colleagues focused on VGRF, a vertical force acting at the COP. VGRF 

cannot be utilized as an input in inverse dynamic calculations due to lack of orientation of the 

force on the body (2008). Therefore, without the inverse dynamic calculations, individual joint 
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moments cannot be expressed as a variable of interest. Misinterpretations of the joint moment 

arms may occur from a strictly vertical component of force in VGRF, causing an accuracy in 

joint moments of force (Winter, 2009). This presents a large limitation in the explanation of how 

each joint moment of force is counterbalancing the constraints at the ankle joint. The increase in 

knee flexion is a novel finding that represents beneficial kinematic properties. Knee flexion is 

relevant as most non-contact ACL injuries occur in an extended knee position. However, with 

the lack of information on joint kinetics, we can only speculate the causes of such kinematic 

changes. Increased knee flexion may be perceived as beneficial, however, most injuries cannot 

be determined solely by analyzing kinematic properties. The kinetics causing strain on a 

musculoskeletal tissue must be taken into consideration. DiStefano and colleagues (2008) also 

employed simple uniplanar/unidirectional jump-landing task, an uncommon sport-specific 

activity implicated in ACL injury. This does not replicate a multiplanar/multidirectional 

movement pattern that may implicate a risk for an ACL injury.  

 In a similar study by Stoffel et al., (2010), researchers found that PAT may influence 

protective properties, such as decreased peak knee internal rotation moments and peak knee 

varus moments in initial contact in forward sprinting. However, these benefits were not 

replicated in a in a sidestepping motion. When a sidestepping movement was initiated, the 

protective properties at the knee were not considered significant or were absent in contrast to the 

forward sprinting task. The authors analyzed their participants using a three-dimensional motion 

analysis system and investigated the kinetics and kinematic differences in a taped vs. non-taped 

condition. They hypothesized that when tape is applied, there was a reduction in knee internal 

rotation and knee varus moments due to the mechanical restraint in dorsiflexion-plantarflexion 

during the sprinting task (Stoffel et al., 2010). The study highlights that, in a unidirectional 
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sprinting task, beneficial reduction in moments of force may occur at the knee. However, the 

authors note that, with a cutting, multidirectional movement, these beneficial properties are not 

replicated (Stoffel et al., 2010). This is an important finding, complementing the idea that, with a 

higher association with a sport-specific, multidirectional movement, there is less potential that 

PAT has beneficial effects on the lower extremity.  

West et al. (2014) observed a reduction in medio-lateral shear force acting on the knee 

when ankle bracing was applied during a series of straight-line and lateral volleyball tasks. A 

three-dimensional motion analysis and force plates were used to compare differences in lower 

limb kinetics and kinematics in a braced and non-braced participant. The resulting data 

highlighted a reduction in medio-lateral shear force transmitted through the knee when ankle 

taping was applied. The novel finding may be beneficial in protection of the articular cartilage in 

the knee joint (West et al., 2014). Since no differences were detected in magnitude and peak 

GRF between bracing and the control, it was hypothesized the reduction in medio-lateral knee 

shear forces could be due to the increased frontal plane control of the ankle (West et al., 2014). 

Although the research outlined above provides aspects of benefits towards prophylactic 

restriction at the ankle, such as reduced shear forces at the knee, increased knee flexion, and 

reduced VGRF, there are limitations that need to be considered and resolved to gain an 

appropriate conclusion of whether PAT should be utilized as a modality on non-injured 

individuals. Previous studies describe possible kinetic benefits in unidirectional movement 

patterns using a prophylactic restrictive measure at the ankle. However, the lack of sport-specific 

replication presents a large limitation, as injuries, such as non-contact ACL injuries, rarely occur 

in a uniplanar movement. The difficultly to translate these simple movement patterns to that of a 
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multidirectional, sport-specific movement presents ambiguity of PAT on a non-injured 

population. 

Several researchers have found inconsistencies on the efficacy of PAT on non-injured 

populations. Stoffel et al. (2010) found, in a lateral sidestepping task, an increase in valgus 

loading at the knee had occurred with no significant reduction in ankle inversion. The authors 

speculate that this increase in valgus loading and the insignificant reduction in ankle inversion in 

their cutting task may heighten the chance of injury on non-injured individuals. PAT may 

increase the load of the ACL due to no significant restriction of ROM at the ankle and an 

increase valgus load at the knee. It is unclear if the lack of restriction at the ankle, the 

sidestepping movement, or the combination of the two is creating the valgus loading at the knee. 

Although lack of restriction occurring in ankle inversion should replicate an individual that is not 

using PAT, increased stiffness and rigidity may increase loading at the knee. This could be 

considered detrimental if ankle inversion is not being reduced significantly; however, restriction 

in other movement planes (e.g., plantar flexion) may increase stiffness and result in higher loads 

at the knee.  

Abián-Vicén et al. (2008) and Moore et al. (2018) express that PAT may not produce 

positive attributes at the knee. Their findings suggest there were no beneficial conclusions that 

could be drawn from the variables of VGRF and knee flexion. In fact, VGRF and knee flexion 

increased and decreased respectively, although results were not significant. Regardless, the 

authors were unable to replicate positive attributes. As mentioned prior, non-contact ACL 

injuries mainly occur with a lack of knee flexion and an increased load acting on the knee. The 

main difference that occurred in the studies was the type of movement. Abián-Vicén et al. (2008) 

highlight the investigation of kinetics using force platforms. They found that peak VGRF was 
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increased in a countermovement jumping task utilizing PAT. The authors speculate that this 

increase in VGRF could result in higher loads in the lower extremity when taping was applied. 

However, this study presents similar limitations to that of DiStefano and colleagues in the use of 

VGRF and were unable to calculate the moments about each joint. The lack of appropriate 

variables leads to improper conclusions regarding the use of PAT.  

Moore et al. (2018) utilized a three-dimensional motion analysis and force plate system to 

view a lateral cutting and sprinting task with PAT and reported no kinetics and kinematics 

effects in the lower extremity. There remain limitations in this study as researchers were unable 

to simulate a sporting environment; sprinting and cutting task were controlled activities and the 

ability to translate that to an overall sporting effect needs further investigation (Moore et al., 

2018).  

 PAT may have beneficial kinetic properties at the ankle and knee. If the method truly has 

no effect on the kinetic properties at the ankle and knee, this would be consistency in the 

literature. However, the current literature presents ambiguity and limitations regarding kinetic 

responses on the lower extremity. There is a need to further incorporate whole-body dynamic 

stability control analyses and include a more sport-specific, multidirectional movement pattern to 

clarify the differences in the literature and conclude whether PAT truly benefits the uninjured 

population.  

1.2.6.2 Multidirectional Vertical Ground Reaction Force and Moments of Force. 

 In a unidirectional movement (e.g., rebounding in basketball), Williams et al. (2018) 

suggests that reductions in ankle restriction corresponded to reductions in internal rotation 

moment and medial shear forces, which may be beneficial to the knee. However, contradictory 

results were found in a cutting motion; no change occurred in ankle ROM and a significant 
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increase in knee internal rotation moment had occurred, which can be detrimental for the knee 

joint (Williams et al., 2018). The authors used a three-dimensional motion analysis system and 

force plates to gather kinetic and kinematic data. Results suggest that, with no benefits in a 

cutting sport-specific movement at the ankle but an increase in internal rotation moment at the 

knee, it may not be beneficial to suggest prophylactic taping in a non-injured population during a 

cutting task. Klem et al. (2017) found similar information using a lace-up and hinged ankle 

brace. Using three-dimensional motion analysis and force plates to gather kinematics and 

kinetics of the participants in a cutting maneuver, researchers found that both braces increased 

knee internal rotation and knee abduction angles in a 90-degree cutting motion (Klem et al., 

2017). The authors hypothesize that during a multidirectional movement, the loss of ankle 

inversion could cause compensation at the knee, specifically knee internal rotation and knee 

abduction. This increase in knee kinematics is a common cause of ACL tears.  

 In a multidirectional/multiplanar movement, preliminary findings show no change or an 

increase in intersegmental moments at the knee, specifically knee internal rotation (Klem et al., 

2017; Williams et al., 2018). This deviates from the reduction in forces that were consistent in 

unidirectional/uniplanar movement patterns. These initial findings suggest further investigation 

of the properties of the GRF. The outlined studies also do not represent an investigation on 

stability control with respect to the forces acting upon the system. If stability during dynamic 

movement is maintained, despite restriction at the ankle, it may influence the extent of 

compensation in forces and moments of force acting across each segment, influencing the 

potential for injury.  
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1.2.7 Kinematic Examination  

 The importance of angles, velocities, accelerations, and decelerations of the system help 

clarify if a system may be susceptible for injury. Kinetics enable the study/investigation of forces 

on and throughout the system and reveal the stress that may be acting on a joint. Kinematics can 

be described as the branch of mechanics concerned with the motion of objects without reference 

to the cause the motion. Kinematics can explain the effects of the kinetics when they are 

included as a reference to the motion of an object. Regarding stability of PAT, any alterations in 

kinetics, specifically orientation of the GRF and moments of force at each joint, can be described 

by their effect of the whole-body and/or joint-level kinematics.  

1.2.7.1 Joint Compensation in the Frontal Plane. 

 Investigating joint angles of the lower extremity can help analyze any compensation of 

the lower kinetic chain when PAT is applied. Joint angles describe an individual’s normal ROM 

and can explain if an individual is moving in a way that may increase risk of injury. The ACL is 

at a higher risk of injury in a non-contact situation when the knee is near full knee extension 

(Quatman et al., 2010). Therefore, monitoring the kinematics of the lower extremity can explain 

if individuals situate themselves in a position that could be dangerous.  

 PAT has the ability to reduce the ROM at the ankle, restricting the ability of the muscles, 

tendons, and ligament of the ankles to move freely as they do in normal movement (Hopper et 

al., 2014; Mason-Mackay, Whatman, & Reid, 2016). However, current literature characterises 

conflicted views on potential benefits and detrimental kinematic effects. Kuni, Mussler, Kalkum, 

Schmitt, & Wolf (2016) outline the focus of PAT and bracing restriction is to prevent ROM in 

ankle inversion and ankle plantarflexion. This restriction has also been shown to restrict ROM in 

ankle dorsiflexion and ankle eversion to keep the ankle in primarily a neutral position. (Kuni et 
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al., 2016; Trégouët et al., 2013). Although many methods of PAT exist to fit an individual’s 

needs, limiting ROM is the main goal/priority for healthcare professionals (Prentice 2014). If the 

ankle is restricted appropriately without negative compensatory reactions at proximal joints, PAT 

may be warranted as a beneficial prophylactic modality. 

Preliminary findings have accredited beneficial attributes on the lower extremity when 

prophylactic ankle restriction has been utilized. Venesky et al. (2006), using a three-dimensional 

motion analysis and force platforms, found that the lateral tissue of the knee (lateral collateral 

ligament, lateral meniscus, iliotibial band, etc.) is not affected by prophylactic ankle bracing in a 

drop-jump on a slanted surface. They hypothesised this lack of force and medial-lateral tissue 

movement at the knee occurred due to the heightened muscle activity in ankle eversion torque 

and the force solely being an axial load. The findings suggest with a drop-landing task, where the 

goal is to have no movement in the anterior-posterior direction and slight ankle inversion in the 

medio-lateral direction to replicate an ankle injury simulation, a reduction in medio-lateral shear 

forces occurred due to the restriction of ankle inversion when an ankle brace was applied 

(Venesky et al., 2006). This suggests that in a simple movement pattern, where the goal is 

unidirectional motion, ankle bracing is a viable modality in restriction of movement in the frontal 

plane. 

In basketball and volleyball, the majority of sprained ankles occur when the ankle is 

inverted on an uneven surface, such as a player’s foot. This suggests that viewing only 

unidirectional/uniplanar movements to explain beneficial knee kinematics is not representative of 

a sporting environment. In most sports, multidirectional/multiplanar movements are often the 

cause of non-contact ACL injuries (Quatman et al., 2010). When a task involves an increased 



45 

 

movement dynamics pattern, there is evidence of increases in ROM at the ankle and knee 

relative to the control. 

Klem et al. (2017) observed that, during a simulated basketball cutting task using three-

dimensional motion analysis, a hinged brace and lace-up brace altered ankle and knee 

biomechanics. Knee valgus angle was increased when the two prophylactic ankle braces were 

applied. The hinged brace led to a significant increase in peak ankle inversion angle while the 

lace-up brace did not. Both braces increased knee internal rotation and knee abduction angles 

that may be problematic from a joint mechanical standpoint. The authors speculate that this 

alteration in normal ankle and knee biomechanics are consistent with the restriction of the 

ankle’s ability to invert, causing compensations at the knee in the form of increased knee internal 

rotation and knee abduction angles. In a cutting manoeuvre, the multidirectional component of 

the task may exacerbate the deviation from normal ankle ROM, leading to compensatory knee 

joint kinematics.  

Lima et al. (2018) compared the effect of ankle dorsiflexion on dynamic knee valgus. 

Dynamic knee valgus is the combination of excessive femoral adduction, femoral internal 

rotation, tibial internal rotation, and medial displacement of the knee (Lima et al., 2018). They 

found that there is a correlation between reduced ankle dorsiflexion and dynamic knee valgus . 

They speculate that altered ankle dorsiflexion presents a risk for injury (Lima et al., 2018). As 

PAT restricts ankle dorsiflexion ROM, it may cause additional mechanical loads at the knee 

throughout movement.  

1.2.7.2 Sagittal Plane Observations. 

Sagittal plane movements are a fundamental aspect for injuries at the knee as knee 

flexion and knee extension provide the largest amount ROM in any plane. Current literature 
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presents the importance of kinematic effects of PAT on a non-injured population. DiStefano et 

al. (2008) reflect that prophylactic ankle bracing may have benefits in reducing forces at the knee 

joint by increasing knee flexion angle during landing. They explain that only a minimal amount 

of knee flexion occurs at initial contact (8 degrees to 15 degrees) during a jump-landing task; 

therefore, a two-degree or three-degree change is a potentially large percentage (13% to 25%) of 

the total motion. DiStefano and colleagues speculated that the positive influence of an increased 

level of knee flexion on initial contact could be a reason that VGRF did not change relative to 

non-taped participants. If VGRF remained consistent and knee flexion increased from a 

prophylactic application at the ankle, this would be an optimal situation. However, there was a 

lack of detail of how the GRF affects the moments of force at each respective joint. Further, it 

was unclear whether greater knee flexion would place additional stress in the ACL as the 

quadriceps may apply a larger moment of force on the tibial tuberosity, leading to anterior 

translation of the tibia.   

In COM kinematics, Barbosa et al. (2018) found that elastic tape and bracing was not 

effective in assisting the regulation of the centre of gravity displacement during single-leg stance. 

This was investigated using a Biodex balance system that measured each participant shift in 

centre of gravity during quiet standing. Each participant was instructed to perform a single-leg 

stance on both their dominant or non-dominant leg for 60 seconds and to try to maintain their 

balance as best as possible. The Biodex system recorded the amount of centre of gravity 

displacement between tape conditions and the control. It was found that tape did not influence 

COM displacement in the sagittal and frontal planes. Although COM displacement was not 

affected, Barbosa et al. (2018) supported the idea that non-injured individuals should avoid using 

prophylactic taping or bracing for prevention as it provided no initial benefit of controlling centre 



47 

 

of gravity through balance trials (Barbosa et al., 2018). The study did not investigate the forces 

acting on the lower extremity but did examine the kinematics of the lower extremity and found 

no significant difference between outcome variables. The lack of kinetic investigation provides a 

gap in the literature of how the forces at each segment of the lower extremity could be 

compensating to maintain the COM within regular parameters to that of the individual. The lack 

of dynamic task also presents a lack of sport-specific replication that cannot be directly translated 

by a static task. 

In addition to the effects of prophylactic ankle restriction in sagittal plane kinematics, 

West et al. (2014) analyzed the effect of ankle bracing on the ankle and knee biomechanics in 

volleyball-specific tasks. Fifteen healthy, elite, female volleyball players performed a series of 

straight-line and lateral volleyball tasks with no brace and when wearing an ankle brace. The 

research highlights that, in sagittal (straight-line) movements, there were no alterations in ankle 

and knee ROM in the sagittal plane. The results also revealed no significant effect of bracing on 

GRFs during any task or on knee kinetics during the straight-line movement volleyball tasks. 

The authors further speculate that ankle bracing may in fact reduce shear loading to the knee 

joint in volleyball players and suggest that the restriction in the frontal and sagittal planes at the 

ankle may not contribute to the sagittal plane mechanics at the ankle and knee.  

Although sagittal movement patterns are frequently used in many sporting events, the 

risk of alterations due to the restriction of PAT is low as straight-line tasks require minor 

movement in the frontal plane, specifically, ankle inversion/eversion. In the sagittal plane, there 

would be a larger restriction in sagittal plane ROM in contrast to the frontal plane ROM at the 

ankle. Restriction in ankle plantarflexion/dorsiflexion may also be too minor to have associated 

effects at the knee in the frontal plane. No evidence was found that knee flexion decreased as an 



48 

 

effect of reduced ankle plantarflexion/dorsiflexion. PAT may affect whole-body stability as a 

function of COM displacement in the frontal and sagittal plane. However, no study has 

implemented a three-dimensional perspective on dynamic stability and COM displacement in 

respect to the effects of PAT. 

1.2.7.3 Transverse Plane. 

Many sport-specific movements require rotational movements to complete a given task. 

The following research has analyzed different movement patterns and found inconsistencies in 

kinematics when the movements replicate a sport-specific task or when the task requires a 

unilateral movement (Barbosa et al., 2018; Distefano et al., 2008; West et al., 2014).  

Klem et al. (2017) proposed that prophylactic bracing at the ankle provided a significant 

restriction of ankle inversion. However, it was found that a hinged brace and lace-up brace 

resulted in a significant increase in knee internal rotation by 2.2 degrees and 1.9 degrees, 

respectively. This knee rotation has been discussed as a predisposition for an increased risk of 

knee injury, specifically to the ACL (Wetters et al., 2016). Klem and colleagues speculated that 

the increased knee internal rotation may have been a loss of turning capacity at the ankle due to a 

loss of ankle inversion, resulting in compensation at the knee. 

In a follow-up study Williams et al. (2018) examined the effects of prophylactic bracing 

in a basketball specific tasks. The protocol included a unidirectional rebound task and a 

multidirectional cutting task (Williams et al., 2018). The research found similar conclusions that, 

in a unidirectional protocol, ankle inversion was appropriately restricted and potential knee 

benefits in the form of a reduction in internal knee rotation were replicated. However, in the 

multidirectional cutting task, it was found that ankle inversion was not restricted suitably and an 

increase in knee internal rotation moment was found when prophylactic bracing was applied at 
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the ankle. The current research suggests a multidirectional movement may place additional 

stressors at the knee joint with ankle restriction (Williams et al., 2018). 

Sport pathologies rarely arise from unilateral movements; in most injury occurrences, a 

multiplanar movement pattern was occurring at the time of injury. Quatman et al. (2010) discuss 

how lower extremity injuries, such as the ACL tear, occur with a multi-planar movement. A 

highly dynamic movement that combines the frontal, sagittal, and transverse plane with many 

different loading mechanisms may heighten the risk of injury in comparison to the uniplanar 

counterpart (Quatman et al., 2010). Therefore, investigating the effects of PAT on ankle and 

knee joint angles in each movement plane may be preferable, as most sport-specific movements 

occur in multiple planes. In addition, utilizing dynamic stability as a dependant variable may 

explain whole-body compensations to PAT.  

1.3 Purpose, Aims of the Study 

 Given the mixed research findings regarding the influence of PAT on knee joint injury 

and movement performance – perhaps as a function of the movements investigated, the lack of 

three-dimensional analysis, lack of whole-body investigation, dynamic balance tests utilized 

previously, and lack of dynamic stability challenging movements –  the purpose of this study was 

to determine if there is evidence to support the continued use of PAT as a method to reduce ankle 

joint injury risk in sport settings. The overall aim of this work is to investigate the effects of PAT 

on intersegmental control and whole-body dynamic stability across a range of uni- to multi-

planar dynamic tasks intended to increase the challenge to intersegmental control and movement 

performance. Five separate movements were assessed in both taped and non-taped conditions. 

The primary aim of this study is to determine if PAT affects individual joint kinematic or kinetic 

variables indicative of injury risk, along with whole-body dynamic stability, an indicator of 
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movement performance. Secondarily, I aim to determine if alterations to joint dynamics as a 

function of PAT are differentially altered by movement complexity. Through these analyses, I 

will observe whether PAT effectively restricts ankle ROM and whether this leads to 

compensations at the knee joint and results in detriments in whole-body dynamic stability and 

movement performance. Further, I sought to understand if individuals may be sacrificing 

stability in order to spare the musculoskeletal structures of the knee or if they may be attempting 

to preserve stability at the expense of potentially high mechanical loads across a joint that is 

already at a high susceptibility for injury (with the recognition that individuals may present with 

both altered joint dynamics and whole-body instability, or no changes in either).  

As outlined in the review section of this document, ambiguity in the efficacy and 

potential risks of PAT is preventing healthcare professionals from providing individuals with 

conclusive information. Potential benefits and detriments need to be resolved for injury 

prevention to be optimized in the sporting environment. The current study will help establish a 

rationale for the use or avoidance of PAT that incorporates both whole-body stability and lower 

limb intersegmental dynamics components.  

1.4 Objectives of the Study  

Whole-body motion analysis and force platform data were collected during five 

movements, performed in two separate taping conditions; 1) with the right ankle taped, and 2) 

non-taped. The five movement trials were: 1) a unilateral drop-jump task, 2) a bilateral drop-

jump task, 3) a straight-line bounding task, 4) a change of direction bounding task, and 4) a 45-

90 degree cutting task. A whole-body kinematic and anthropometric model (i.e., a biomechanical 

model) was used to enable kinematic and inverse dynamic analyses leading to the calculation of 

peak joint angles and peak moments of force at the ankle and knee, respectively. More 



51 

 

specifically, we examined ankle plantarflexion, ankle inversion, knee extension, knee flexion, 

knee abduction, and knee internal rotation angles, along with ankle plantarflexor, ankle invertor, 

knee extensor, knee abductor, and knee internal rotator moments of force. Using the whole-body 

biomechanical model, the whole-body COM location was calculated. In conjunction with the 

orientation of the net GRF, the frontal and sagittal plane angle of divergence (AOD) was 

calculated. The AOD represents the eccentricity of the net GRF with respect to the COM, which 

generates the external moments of force about the COM, controls the linear and angular whole-

body accelerations, and, consequently, regulates whole-body stability. The margin of stability 

(MOS) in both the frontal and sagittal planes was calculated to understand the extent of 

stability/instability during ground-foot contacts. The outcome variables will help identify if and 

how whole-body stability is altered under conditions of PAT throughout each of the five 

movement tasks and determine if there are any intersegmental compensations occurring at the 

ankle and knee.   

1.5 Hypotheses 

 The central hypothesis is PAT will reduce kinetics and kinematics at the ankle, increase  

the kinetics and kinematics at the knee that increase the susceptibility for injury, and increase  

instabilities across a range of sport-specific movements. In addition, as the progression in the 

movements move from a uni- to multi-directional platform, the central hypothesis is expected to 

observe larger increases in the specific trends outlined above.   

There are two main groups of hypotheses that were investigated, those related to the a) 

individual joint dynamics at the ankle and knee and b) whole-body stability control.  
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1.5.1 Intersegmental dynamics 

It was hypothesized that in the taped condition (right taped ankle), PAT will create 

mechanical restriction at the ankle joint complex and limit ROM and intersegmental moments at 

the ankle joint. I believe the peak ankle inversion angle and peak ankle plantarflexion angle will 

be reduced in the taped condition, along with the peak ankle inverter moment and peak ankle 

plantarflexor moment. As a function of the ankle mechanical restriction, it was hypothesized that 

there will be a greater mechanical demand at the knee joint with PAT. Such increased 

mechanical demand would be evident by an increase in knee abduction angle and a decrease in 

knee flexion angle (i.e., a stiff-legged position). In addition, it was theorized that there would be 

greater moments of force acting across the knee joint. This would be demonstrated by increases 

in the peak knee abductor moment, peak extensor moment, and peak internal rotator moment. I 

do expect a differential effect of mechanical restriction across movements such that increased 

movement complexity (more multiplanar movements) will lead to an increase in the knee 

abduction angle and reduction in knee flexion angle. Further, I expected to observe a differential 

increase in knee joint moments (i.e., abductor, extensor, and internal rotator) with the extent of 

multiplanar movement. In order of increasing multiplanar movement, the movements used in this 

study were: bilateral drop-jump, unilateral drop-jump, straight-line bounding, change-of-

direction bounding, and 90-cut.  

 1.5.2 Whole-body dynamic stability 

 It is believed that mechanical restriction at the ankle through the use of PAT on the right 

limb will result in less stability during foot-ground contact. More specifically, it was 

hypothesized that the MOS at the instant of foot-ground contact would be smaller in both the 

frontal and sagittal planes in the taped condition. This suggests greater instability at the instant of 

ground contact, which was not resolved in the previous ground contact phase or in the preceding 
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airborne phase. We also expected to observe smaller minimum margins of stability in frontal and 

sagittal planes in the taped condition, which would suggest ongoing instability during ground 

contact. Lastly, we expected to observe a smaller time to minimum MOS (relative to foot-

contact), which would imply peak instability occurs earlier during the ground contact phase and 

affords an individual less time to generate the necessary forces and moments of force to regain 

stability during the period of foot-ground interaction. In addition, we used the AOD of the net 

GRF to assist in understanding the mechanisms leading to whole-body dynamic 

stability/instability during the ground contact phase. Rather than calculating the AOD at discrete 

instants, consistent with the MOS, I chose to calculate the root mean square (RMS) of the AOD, 

which provides information on variability in orientation of the GRF relative to the COM and, 

consequently, the extent of regulation of whole-body COM kinematics through the action of the 

net GRF. It was hypothesized that the root mean square of the AOD of the net GRF would be 

larger in the taped condition in both the frontal and sagittal planes. This would suggest 

individuals were generating larger external moments of force throughout ground contact in 

attempt to maintain stability as the tape restricts ankle kinematics, moments of force, and leads to 

greater instability (i.e., smaller MOS) during ground contact. Consistent with the joint dynamic 

variables, I expected an increase in instability (i.e., reduced MOS) and effort to maintain stability 

(i.e., increased RMS AOD) in both sagittal and frontal planes, with increased multiplanarity of 

movement.  
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Chapter 2 –METHODS 

2.1 Overview of Methods 

 To determine if there is evidence to support the continued use of PAT as a method to 

reduce ankle joint injury risk in sport settings, a repeated measures design was used to analyze 

the whole-body dynamic stability and intersegmental control of participants. Participants 

attended one experimental session ranging from two to three hours where they completed five 

movement conditions (drop-jump bilateral, drop-jump unilateral, straight-line bounding, change-

of-direction bounding, and 90-degree cut) in both a taped and non-taped experimental condition. 

To guard against order effects, order of taping and movement conditions were counterbalanced . 

After participants completed the movement tasks in either the taped or non-taped experimental 

condition, they would have time to rest, hydrate, and perform the tasks again in the taping 

condition that was not yet completed. After determining which taping condition would be 

performed and in which order the movement tasks would be completed, participants had the 

motion analysis marker set applied to their person. Participants performed active range of motion 

(AROM) trials un-taped to analyze the amount of normal range of ankle motion (ROM) each 

participant had. To quantify the degree mechanical restriction prophylactic ankle tape (PAT) was 

providing, participants performed the AROM trials again after tape was applied. AROM trials 

occurred both prior to the initiation and after the completion of movement conditions for both 

taping conditions (taped and non-taped to determine the changes in ankle ROM brought about by 

fatigue and alterations in compliance of the tape over time. 

2.2 Participants 

 A convenience sample of 46 participants (24 male; 22 female) were analyzed (data from 

52 participants were collected; 6 participants were not analysed, as discussed later). An initial 
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sample size estimate of 48 participants was calculated using f = 0.15 (calculated from ηp
2 derived 

from Bellemare (unpublished data, 2019)), α = 0.05, β = 0.8. The effect size was derived from 

Bellemare (2019) due to the similarity in motion analysis model, interpretation of variability of 

marker set data with a study that utilized stationary/forward jumping movements, and analysis of 

lower kinetic chain kinetics/kinematics.  

2.2.1 Consent 

 Participants were required to provide informed consent to be able to participate in the 

study in accordance with ethical approval sought from the University of Manitoba Research 

Ethics Board.  

2.2.2 Inclusion and Exclusion Criteria 

 To participate in the study, individuals required the following criteria for eligibility: must 

not have been allergic to the prophylactic taping adhesive; must not have been experiencing 

peripheral neuropathy or challenges with blood circulation; been between the ages of 18-35 years 

of age; or have had no substantial lower limb injury or surgery that has been diagnosed by a 

healthcare professional in the past two years that may have caused stability detriments. Eligible 

participants were asked to refrain from strenuous lower limb exercise for 48 hours prior to 

participation in the study.  Participant demographics gathered before the protocol began were 

leg-dominance, height, weight, body mass index (BMI), if they have ever been taped previously, 

if they have any allergies to adhesive taping, their activity level, the sex they were assigned at 

birth, and their age. Leg-dominance was used based on a revised version of the “Waterloo 

Footedness Questionnaire” (Appendix 25; Elias et al., 1998; van Melick et al., 2017). To 

determine activity level, participants were asked to self-report the number of total minutes they 
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partook in moderate to vigorous exercise per week. The information gathered from the 

participants was used to determine if any trends were present based on recorded characteristics. 

2.2.3 Recruitment 

 Advertisement of the study was placed around the University of Manitoba campus, 

including hallways, classrooms, laboratories and in the gymnasium. There was also a word-of-

mouth recruitment presentation in the classes of the Faculty of Kinesiology that had been 

approved by the Dean of the Faculty. A social media script was posted on Facebook, Instagram, 

Snapchat, and Twitter, which could be accessed by the online community. Interested individuals 

were able to inquire about the study via e-mail and phone number that was placed on each 

recruitment criteria. Further information after the inquiry involved information about inclusion 

and exclusion criteria, scheduling, data management, informed consent, questions regarding the 

study, and any concerns a participant may have had.  

2.3 Instrumentation  

Whole-body kinematic data were obtained using eight synchronized Vicon Vero cameras 

(sampling frequency = 100 Hz; Vicon Motion Systems, Los Angeles, CA). Retroreflective 

markers were used to create a biomechanical model, which quantified the positions of individual 

body segments and the kinematics of the whole-body centre of mass (COM). Ground reaction 

force (GRF) and moment components were obtained from 4 Kistler force platforms (sampling 

frequency = 1000 Hz; Kistler Instrument Corporation, Mississauga, ON) embedded in a walkway 

of 10 meters in length. GRF data were obtained from the right limb (contact limb) during the 

ground-contact phase of each movement. The platforms were placed in an inverted T-shaped 

configuration (Figure 5). Kinematic and kinetic data were temporally and spatially synchronized 

and were recorded in Vicon Nexus (version 2.9.2). 
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Figure 5: Force platform arrangement. 

 

The retroreflective calibration markers (1 cm diameter) were placed on the participants 

over anatomical landmarks on the upper limbs, lower limbs, and pelvis (Singer et al., 2014). 

There are two aspects of marker placement on the participant; calibration markers that were used 

for a single standing reference trial and tracking markers that were utilized for each individual 

trial (including the single standing reference trial). The tracking marker set included 62 markers 

during each individual experimental trial. The calibration marker set included the 62 tracking 

markers plus an additional 30 calibration-specific markers, which were not retained during the 

experimental trials (Figure 6 and 7). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Retroreflective marker set-up. 
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Figure 7: Detailed calibration and tracking marker set-up. Red circles indicate calibration 

markers (removed after calibration); blue circles indicate tracking markers. 

 

The tracking marker set included a series of marker placements throughout the body, over 

each segment. Clusters of four markers were placed on each of the following segments: the 

shank, the thigh, the forearm, and the upper arm. Four-marker cluster sets were placed on the 

lower back (over the sacrum) and upper back (at about the level of the T6 vertebra). An eight-

marker tracking set was placed on the top of the head.  

Anatomical calibration marker placements consist of the bilateral placement of a single 

marker on the anterior superior iliac spine and an individual marker on the xiphoid process and 

sternal notch. Bilateral marker placements on the lower limb consisted of six individual markers 

on the following landmarks: lateral malleolus of the fibula, distal phalanx of the great toe, head 

of the 5th metatarsal, lateral aspect of the body of the calcaneus, a point on the superolateral 

forefoot, in between but superior to the 5th metatarsal marker, and the lateral calcaneus marker. 
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In addition, bilateral markers were placed on the acromion process, greater tubercle of the 

humerus, anterior to the external auditory meatus of the ear, medial and lateral humeral 

epicondyles, radial and ulnar styloid processes of the wrist, and head of the third metacarpal as 

well as the iliac crest, greater trochanter of the femur, medial and lateral femoral condyles, 

medial malleolus of the tibia, medial aspect of the calcaneus and base of the first metatarsal.  

The calibration marker set differs from the tracking marker set as the calibration markers 

reference the medial and lateral, proximal, and distal segment endpoints. This information, in 

conjunction with Dempster’s anthropometric data (Robertson, 2004), was used to estimate 

participant-specific segmental anthropometric properties, including virtual joint centres, segment 

length, segment COM location, segment mass, mass moments of inertia, and to determine a 

segment embedded local coordinate system for each segment along with the transformation 

matrices between local and global coordinate systems. After participant calibration, tracking 

markers have known locations in the local coordinate system of each segment and can be used to 

track segmental position/orientation. Calibration-specific markers could then be removed. 

Each of the anatomical markers were placed with double-sided tape on the skin over 

anatomically relevant locations; the technical clusters of 4 markers sets were attached with a 

Velcro adhesive to an elastic Velcro overwrap applied to each segment. Markers and marker 

clusters were placed over the skin and clothing of the participant. Participants were asked to 

report excessive compression or movement restriction caused by the tape or Velcro. If a 

participant indicated the compression was too tight, it was loosened to the participants comfort 

level with the caveat that the extent of loosening could not compromise the kinematic data. In the 

present work, no participants needed to be re-taped as they were given time to walk with the 

PAT application prior to protocol engagement. Several participants needed Velcro loosened on 
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their forearms which had the potential to limit whole-body kinematics. However, no issues were 

presented with the loosening and minor re-applications of the Velcro on participants in kinematic 

processing. During the protocol, six participants had sliding of the tracking markers on the lower 

limb, with all six being a thigh tracking marker set. This occurred predominately due to 

excessive sweating and, during two occasions, loosening of the tracking marker sets over the 

clothing. These were not noticed during the protocol to any of the research personnel but were 

identified later in data processing, as the tracking markers had translated to a lower position that 

resulted in the thigh segment translating through the tibial plateau. These participants were 

excluded due to unreliable whole-body outcome variables which would have affected any further 

whole-body quantifications. 

2.4 Taping and Technique 

A Certified Athletic Therapist used self-adherent tape, Powerflex and Powertape, as it is 

able to maintain restriction at the ankle for 30 minutes more than cloth-based tape (Purcell et al., 

2009). Powertape is a latex-free cohesive tape that only sticks to itself or Powerflex. Powerflex is 

a sweat- and water-resistant material and acts as a pre-wrap application. The Powertape regulated 

the mechanical restriction of a modified Gibney technique on the ankle. A Certified Athletic 

Therapist performed the application of the tape for each participant. Each tape application 

followed the guidelines of the modified Gibney taping method and was placed on the right ankle 

of each participant (Prentice , 2014). Taping the right ankle was performed to limit heterogeneity 

of the sample and the potential effects of laterality and ensured tape was applied consistently 

across all participants. Consistently taping the same ankle across all participants helped ensure 

the tape was being applied as quickly and consistently as possible.  
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A Gibney technique explains the contemporary basic taping style presented in most 

literature (Birrer & Poole, 2004). The structure of the Gibney technique is described as a “basket 

weave combined with the heel lock and figure-of-eight patterns and is considered the standard 

form of taping” (Birrer & Poole, 2004, p.202). This technique was used with proximal and distal 

anchors, the addition of two to three stirrups and seven to nine calcaneal strips (both ankle size 

dependent). The stirrups began at the proximal anchor located at the lower third gastrocnemius, 

then ran distally under the calcaneus, followed by superiorly to the lateral gastrocnemius on the 

ipsilateral side connecting again to the proximal anchor. This process, which mechanically 

everted the ankle, is commonly used to prevent excessive ROM for ankle inversion (Abián-

Vicén et al., 2008). In addition, seven to nine calcaneal strips running from the distal posterior 

calcaneus, moving superiorly along the distal posterior gastrocnemius was completed. Finally, 

two full heel locks were placed with closing strips to complete the modified Gibney technique 

(Figure 8). 

Figure 8: Prophylactic ankle taping (PAT): 1) Powerflex pre-wrap; 2) proximal and distal 

anchors; 3) figure 8 technique; 4) 2-3 medial to lateral stirrups; 5) 7-9 calcaneal strips; 6) 2 full 

heel-locks; 7) close-up tape job; 8) shoe placed over PAT. 
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The ankle was placed in a dorsiflexed position to promote the closed-pack position where 

it is theorized that ligaments of the lateral ankle (anterior talofibular ligament, calcaneofibular 

ligament, and posterior talofibular ligament) are in a position that is less susceptible for injury to 

occur (Prentice, 2014). PAT is used to protect the ankle from injury-inducing ROM without 

substantially hindering normal ROM. Therefore, a component of the experimental protocol 

included active range of motion (AROM) trials (Section 2.7) was used to determine the amount 

of ROM that was limited by PAT in open kinetic chain movement and whether this changed 

between the time of initial tape application and following the completion of the experimental 

trials. 

2.5 Procedures  

The following protocol examined three classes of dynamic activities (5 movement tasks 

altogether) that are consistent with sport-specific movements; jumping, landing, and sprinting. 

The dynamic conditions included (a) two 0.5-meter drop-jumps, (b) two bounding tasks and (c) 

one 45-90 degree cutting task. Prior to each movement, participants were informed of the 

experimental conditions and were given the option of completing five practice trials to gain 

familiarity prior to participation in the protocol. Prior to each taping condition, specifically the 

taped condition, participants were given time to walk around the lab space. This was 

accomplished to ensure safety. No participant needed more than the five practice trials before 

beginning the protocol.   

2.5.1 Drop-Jump Tasks 

Participants took part in two variations of a drop-jump from a 0.5-meter plyometrics box. 

In the first variation, the participant took off and landed on their right leg (drop-jump unilateral). 

In the second variation, the participant took off and landed bilaterally with both limbs in contact 
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with the support surface at the initiation and termination of the movement. Five trials of each 

variation were completed with a 30-second break in between each trial. The participants were 

instructed to jump to a height that would lift the body off the plyobox and clear enough space to 

land on the force plates directly anterior to the plyobox (i.e., they were instructed to jump down 

off the plyobox onto the force platform directly in front of them while refraining from raising the 

height of their body during the take off phase of the jump). This was done to ensure consistency 

throughout each variation of the drop-jump trial and to ensure consistency between participants 

in terms of the peak height and impact forces upon landing. As only the landing phase is of 

interest, the data were collected throughout the trial, but only analyzed during the landing phase 

(the time period where the force-platforms reach 25 N of vertical force, or ground contact, to the 

point of vertical velocity reversal at the end of the landing phase; Figure 9 and 10).  

 

Figure 9: Unilateral drop-jump separated by three phases: 1) on Plyo-box prior to departure; 2) 

airborne phase; 3) force plate contact; 4) velocity reversal (end of landing phase). 
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Figure 10: Bilateral drop-jump separated by three phases: 1) on Plyo-box prior to departure; 2) 

airborne phase; 3) force plate contact; 4) velocity reversal (end of landing phase). 

 

2.5.2 Bounding Tasks 

Participants took part in two variations of the bounding task. Each task consisted of five 

trials on the right leg. After each trial, participants were given a 30-second period to rest.  For the 

first movement, straight-line bounding, the participant began at two-three bounding strides from 

the first force platform. After first contact with the initial force platform, the individual 

maintained the single leg bounding movement in a forward direction making contact with the 

sequential force platform and then in a straight-line until completion of the task (Figure 11). 

Participants were directed to perform the task as quickly as possible within their own abilities.  
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Figure 11: The straight-line bounding protocol. Participants began at the highest red circle 

standing on their right leg. They proceeded to bound (following the direction of each black 

arrow) to each corresponding area designated by the red circles. 

 

 

For the second movement, a change-of-direction bounding task, the participant began at 

two-three bounding strides from the first force platform. At contact with the initial force 

platform, the participant then stopped the forward movement and accelerated laterally to the right 

before resuming the forward movement. The trial was repeated if the participant did not make 

full contact with the foot on the top surface of each plate (i.e., if any part of their foot was 

touching the floor surrounding the force platform; Figure 12). As per the forward moving 

bounding task, participants were directed to perform the task as quickly as possible within their 

own limits. Kinematic and kinetic data were recorded throughout the trial but focus for analysis 

was placed on the ground contact phase, from foot-contact to toe-off.  
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Figure 12: The change-of-direction bounding protocol. Participants began at the lowest red circle 

standing on their right leg. They proceeded to bound on the same right leg to each designated 

area highlighted by the red circles. 

 

2.5.3 45-90 Degree Cutting Task 

 The participant was initially oriented at a 45-degree angle to the first force platform and 

were instructed to run at their highest/fastest comfort level. The participant placed their right leg 

on the first force platform and then perform a crossover cut at an angle that is between 45 to 90 

degrees to place their contralateral limb on the second force platform. A crossover cut involves 

the contralateral leg to the leg that is in ground contact crossing over the midline of the body, 

creating the specified angle of the cut (Figure 13). To assist the participant, tape was placed on 

the floor in the direction of the desired movement. After each trial, participants were given a 30-

second break in between each trial. The angle of the cut is subject to the comfort of the 

individual but must have been within 45-90 degrees. Cutting angles below the 45-degree angle 

were repeated. Kinematic data were recorded from the start of the protocol when the participant 

initiated their first step. As with previous conditions, focus for analysis was placed on the ground 

contact phase during the cutting movement. 
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Figure 13: 45-90 degree cutting protocol. Participants began at the lowest red circle. The 

participants accelerated at a 45-degree angle to the first platform, then performed a cutting 

motion with right limb contact on platform one. 

 

2.6 Data reduction and Outcome Variable Calculation: Angle of Divergence, Margin of 

Stability, Joint Angles and Joint Moments  

Gaps of less than 30 frames (0.300 seconds) in three-dimensional marker trajectories 

were interpolated using a cubic spline using three points each, before and after the gap. Three-

dimensional marker coordinates and GRFs and moments were each low-pass filtered using a 

zero-lag, fourth-order, Butterworth filter with cut-off frequencies of 6 Hz and 15 Hz, respectively 

(Robertson and Dowling, 2003). The entire body was modelled as a system of independent, rigid 

segments (i.e., each segment has six degrees of freedom). Segmental anthropometrics (segment 

mass, mass centre location, and moments of inertia) was calculated with Dempster’s segmental 

anthropometric properties (Robertson, 2004, pp. 55–71) in conjunction with Hanavan’s 

geometrical model using known segmental endpoint locations from each participant (via the 

participant calibration dataset). The whole-body COM location was calculated as a weighted 
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average of each segment’s COM location, where each segment is weighted according to its mass 

proportion.  

2.6.1 Angle of Divergence 

The angle of divergence (AOD) was calculated as the orientation of the GRF relative to 

the centre of mass (COM). Specifically, the AOD can be calculated as the angle between the line 

of action of the GRF (a vector originating at the COP) and a line joining the COP and the COM 

(where the COP and COM are the endpoint coordinates of the line (Figure 14)). The dot product 

of the GRF and the COP-COM line was used to calculate the AOD. Although the GRF and COP-

COM line each have three components, the sagittal and frontal plane AOD was calculated 

independently by projecting the GRF and COP-COM line onto the sagittal and frontal planes, 

respectively.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14: Angle of divergence (θd) between the ground reaction force vector (blue arrow) and 

of a line joining the centre of pressure (COP) and whole-body COM (dashed red line) for the 

right single limb contact. 

 

The root mean square (RMS) of the AOD during the ground contact phase (i.e., foot-

contact to toe-off of the right limb for bounding and cutting tasks) or landing phase (i.e., foot-
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contact until COM vertical velocity reversal for drop-jump tasks) was used as a dependent 

variable of interest. The RMS of the AOD quantifies the overall eccentricity of the GRFnet 

throughout the ground contact or landing phases which was used to regulate the external 

moments of force about the COM and the consequent COM kinematics. In general, larger RMS 

AOD values signified a larger attempt to regulate stability throughout ground contact (Singer, 

Prentice, & McIlroy, 2013). Independent calculations were performed for both the AP and ML 

directions to assess dynamic stability in the sagittal and frontal planes, respectively.  

2.6.2 Margins of Stability 

The AP and ML margins of stability (MOS) were dependant variables of interest because 

they allow investigation of the state of dynamic stability at or over specific points in time, such 

as initial contact or during the time of single-limb support. For all tasks, the MOS was calculated 

at the instant of ground contact of the right limb, determined by the time point at which the 

vertical GRF exceeded 25 N. The MOS at ground contact provided information about the state of 

stability at the initial phase of ground contact, a point in which the state of the COM (stable or 

unstable) is largely determined by the dynamics of the preceding flight/airborne phase. The MOS 

was also calculated at its minimum to evaluate the minimum state of stability during the ground 

contact phase. Lastly, the time to minimum MOS was calculated to investigate the temporal 

aspects of stability during ground contact, with an earlier time to minimum MOS providing 

information about potential challenges in restabilization, as an individual may lack time to 

effectively generate forces to regulate the COM velocity.  To calculate the MOS, the 

extrapolated COM (XcoM) was first calculated, providing a velocity-corrected measure of the 

COM. XcoM value can be calculated based on the position and velocity of the COM in relation 

to the natural frequency of a pendulum (given by leg length). 
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Equation 1: 𝑋𝑐𝑜𝑀 =  𝜒 +  (
Ẋ

𝜔0
),  

Where χ was the COM position, Ẋ was the COM velocity and ω0 was the square root of 

the gravity (g) divided by leg length (l), (ω0 =  √ (g/l)) (Hof et al., 2005). This was then used in 

the following equation for dynamic MOS, where  MOS = XcoM – BOS (base of support). XcoM 

was used to determine the MOS. The MOS is the distance of XcoM to the forward or lateral 

aspect of the BOS. AP referencing of the XcoM to the anterior boundary of the BOS was 

accomplished using the tracking marker positioned on the distal phalanx of the great toe (Figure 

7). ML referencing of the XcoM to the lateral boundary of the BOS was accomplished using the 

tracking marker positioned on the head of the fifth metatarsal (Figure 7). In both AP and ML 

directions, the calculated position of the XcoM relative to the tracking marker expressing AP and 

ML boundaries was used to calculate MOS outcome variables (MOS minimum and MOS at heel 

strike). For AP and ML directions, time from heel contact to minimum MOS was calculated 

from the time at which the GRF reached 25N (MOS at heel strike) to the point in which the 

participant reached their minimum MOS. It should be noted that an individual may be at peak 

instability (minimum MOS) at foot-contact (25N of GRF or MOS at heel strike) in which a time 

of zero seconds would be reported. Positive values indicate stability where the COM can be 

captured within the BOS without corrective action, negative values indicate instability, and that 

the COM cannot be captured within the existing BOS and corrective action is required. Figure 15 

illustrates an XcoM in the AP direction remaining within the confines of the BOS and, therefore, 

a positive MOS would result.  
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Figure 15: Margin of stability portrayed with movement in the anteroposterior direction.  

 

2.6.3 Intersegmental Dynamics: Joint angles and moments of force 

Joint angles were calculated as the angle between two adjacent segments. Segmental 

angles were determined by tracking the position and orientation of tracking cluster of four 

markers embedded with a known position in the segmental coordinate system within the larger 

lab coordinate system. Joint angles were calculated by the rotation matrix describing the 

transformation of the distal segmental coordinate system to the proximal segmental coordinate 

system, resolved into the proximal segment coordinate system. As the calculation of joint angles 

is sequence-dependent, a Cardan x-y-z sequence were used where rotations in the sagittal plane, 

or flexion-extension, were calculated first, followed by frontal plane, or abduction/adduction or 

inversion/eversion rotations, and lastly transverse plane rotations (internal/external rotation). 

Peak knee abduction, peak knee flexion angles were quantified along with peak ankle 

plantarflexion and peak ankle inversion angles during ground contact.  
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Joint moments of force arise from the combined rotational effect of all structures that 

cross a joint (i.e., muscle, ligamentous, bone-on-bone forces). A standard Newton–Euler method 

was used to calculate the joint intersegmental forces and net joint moments at each joint. Joint 

moments were resolved into the local coordinate system of the proximal segment and was 

normalized to body mass. Peak knee abductor, peak knee extensor, and peak knee internal rotator 

moments were quantified along with peak ankle plantarflexor and peak invertor moments during 

ground contact. For angles (and moments), ankle inversion (invertor), ankle internal rotation 

(internal rotator) have positive polarity, along with knee extension (extensor), knee abduction 

(abductor) and internal rotation (internal rotator). 

2.7 Secondary Analyses: Centre of Mass Velocity (COMvel) and Active Range of Motion 

(AROM) 

To understand if participants change their movement velocity under PAT conditions in 

order remain stable and limit changes in joint mechanics, the centre of mass velocity (COMvel) 

was quantified in the AP, ML, and vertical directions. The average COM velocity was calculated 

during the ground contact phase (heel strike to toe off), as the first-time derivative of the COM 

displacement. The COMvel was used to provide context for my analyses of the primary dependent 

variables, specifically the whole-body dynamic stability outcome variables. Positive COM 

velocities were forward and rightward, with respect to the participant.  To place the present study 

in the context of previous work, to understand if the compliance of the tape was changing over 

time, and to understand the influence of fatigue and to understand if ankle tape was even 

influencing ankle kinematics without external applied forces, such as those occurring during the 

experimental trials, the current study also investigated ankle kinematics in open-kinetic chain 

conditions during AROM trials.   
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2.8 Statistical Analyses 

The following dependent variables are separated by intersegmental, whole-body dynamic 

stability and secondary analyses outcome variables (Table 1). For each dependent variable, a two 

factor ANOVA with repeated measures was run (Factor 1 (within-subject): tape 2 levels: tape/no 

tape); Factor 2 (within subject): movement condition (5 levels: 45-90 degree cut, change of 

direction bounding, straight-line bounding, drop-jump bilateral and drop-jump unilateral). This 

enabled the analysis of the main effects of tape, the main effects of movement condition as well 

as the interaction between the tape and movement conditions that was then investigated. Prior to 

analysis, data were visually inspected for outliers using scatterplots. The normality assumption 

was assessed using Shapiro-Wilk’s test for normality (p<0.05) and the sphericity assumption was 

assessed using Mauchly’s test of sphericity (p<0.05) (Kim, 2013). If the sphericity assumption 

was violated, a Greenhouse-Geisser correction was used to adjust the degrees of freedom used in 

calculating the p-value (Kim, 2013; Maxwell, Delaney & Kelly., 2018). Alpha level for the 

initial ANOVA was set at 0.05. The effect size was reported as partial eta squared (ηp
2), where 

ηp
2= 0.04 indicates a small effect, ηp

2 = 0.25 indicates a medium effect, and ηp
2= 0.64 indicates a 

large effect (Ferguson, 2009).  
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Table 1: List of outcome variables separated by intersegmental, whole-body, and secondary 

analyses. 

Intersegmental Outcome 

Variables 

Whole-body Dynamic 

Stability Outcome 

Variables 

Secondar Analyses 

Outcome Variables 

Ankle Plantarflexion Angle AP MOS Minimum AP COMvel  

Ankle Plantarflexion Moment AP MOS at Heel Strike ML COMvel 

Ankle Inversion Angle AP Heel Strike to Min MOS Vertical COMvel 

Ankle Inversion Moment ML MOS Minimum AROM Dorsiflexion 

Knee Flexion Angle ML MOS at Heel Strike AROM Plantarflexion 

Knee Extensor Moment  ML Heel Strike to Min MOS AROM Inversion 

Knee Abduction Angle AP RMS AOD  AROM Eversion 

Knee Abduction Moment  ML RMS AOD  

Knee Internal Rotation Moment   

AP indicates anteroposterior; MOS indicates margin of stability; ML indicates mediolateral; 

AOD indicates angle of divergence; COMvel indicates centre of mass velocity; AROM indicates 

active range of motion. 

 

If the initial ANOVA revealed a main effect of tape, the direction of difference was 

assessed using the means (i.e., no follow-up was necessary as there were only two conditions). 

To localize difference(s) when a main effect of movement condition was uncovered, tape and no-

tape conditions were averaged for each movement condition and 10 paired sample t-tests for 

each movement possibilities were carried out. To counter error inflation in the follow-up tests, a 

Bonferroni correction method was utilized, whereby the initial alpha level was divided by the 

number of pairwise comparisons, yielding  a p-value=0.005 (i.e. (0.05/10). This was done to 

reduce the type I error and reduce the likeliness of a statistically significant effect being revealed 

due to chance.  

Interaction effects were also analyzed with a paired samples t-tests. Since we are mainly 

interested in the potential differential effect of tape across each of the movement conditions, the 

initial analyses to decompose the interaction included five paired samples t-tests, comparing the 

tape/no-tape conditions in each movement conditions (i.e., we did not examine differences in 

combinations of movements within each the tape and no-tape conditions, which would 
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necessitate 20 additional paired-samples t-tests). A Bonferroni correction method was again 

utilized as five paired t-tests were used in this family of comparisons. A significance level of p-

value=0.01 (i.e., 0.05/5) was used. Measures of effect size for all paired samples t-tests were 

calculated using Cohen’s d. Cohen’s d was interpreted as small (d = 0.2), medium (d = 0.5), and 

large (d = 0.8) (Lakens, 2013). 

Descriptive statistics utilized for demographic measurements were height, weight, age, 

gender assigned at birth, leg-dominance, and activity level (total minutes per week). Analysis of 

secondary COM velocity variables was carried in an identical manner to primary analyses 

mentioned above. Secondary analyses included AP (COMvel), ML (COMvel), vertical (COMvel). 

COMvel  outcome variables followed the same RM ANOVA model for each dependent variable 

outlined above. To continue with secondary analyses, four AROM dependent variables, 

including dorsiflexion, plantarflexion, inversion, and eversion. For each AROM dependent 

variable, a two factor ANOVA with repeated measures was run (Factor 1 (within-subject): tape 2 

levels: tape/no tape); Factor 2 (within subject): time 2 levels: PRE/POST. Interaction effects 

were also analyzed with a paired samples t-tests. A Bonferroni correction method was used as 

four paired t-tests were used in this family of comparisons. A significance level of p-value=0.013 

(i.e., 0.05/4) was used. Measures of effect size for all paired samples t-tests were calculated using 

Cohen’s d. Cohen’s d was interpreted as small (d = 0.2), medium (d = 0.5), and large (d = 0.8) 

(Lakens, 2013). 
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Chapter 3 - RESULTS 

Testing was completed with 52 participants, with six participants (three male, three 

female) being excluded from the study. Exclusion of six participants were due to translation of 

the tracking marker set creating errors in joint angle, moment and in centre of mass (COM) 

calculations. The final sample included 46 participants (24 male; 22 female). Table 2 represents 

the participant demographics recorded.  

The following sections document the results from the statistical analyses, for each 

variable. Kinematic and kinetic outcome variables are grouped by joint, followed by analyses of 

the margin of stability (MOS) and angle of divergence (AOD). Secondary outcome variables, 

centre of mass velocity (COMvel) and active range of motion (AROM) at the ankle, are also 

included in subsequent sections. For all variables, the condition means depicting the main effects 

of tape (averaged across movements) and movement (averaged across taping conditions) are 

presented in tables, whereas the interaction effect, if present, is displayed in a subsequent figure 

(for ease in interpretation). For brevity, given the necessity for ten follow-up paired samples t-

tests to decompose the main effect of movement condition, full statistical outcomes are presented 

in the appendix (Appendix 1-24).  As outcome variables tended to be significantly different 

across most of the ten pairwise comparisons, in contrast to custom, we report only those 

comparisons that were not different to curtail the length of each following section. In the 

following sections we attempt to give a sense of the general trends across movement conditions 

by reporting the largest and smallest values across movement conditions, supplemented by 

quantitative data in tables, as noted above.  
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Table 2: Participant demographics* 

 Female Male 

Participants n=22 n=24 

   Age (years) 23.77(2.51) 24.67(3.80) 

   Height (m) 1.62(0.04) 1.74(0.05) 

   Weight (kg) 61.78(8.10) 76.87(12.18) 

   BMI (kg/m2) 23.43(2.60) 25.30(3.90) 

   Taped Prior (Y/N) 7Y/15N 12Y/12N 

   Footedness (R/L/Eq) 21R/1L 22R/1L/1Eq 

   Activity Level (min) 257.95(128.09) 293.33(138.15) 

*Data presented as mean (SD). BMI indicates body mass index. 

3.1 Ankle Variables 

 Beginning with the peak ankle plantarflexion angle there was a main effect of tape [F 

(1,45) =116.353, p<0.000 ηp
2=0.341]. Across all movements taping significantly reduced the 

extent of ankle plantarflexion (Table 3). There was also a main effect of movement [F (4,180) 

=71.17, p<0.000, ηp
2=0.613]. All movements were considered significantly different when 

compared individually except for one pair: the drop-jump bilateral in comparison to the 90-

degree cut. Ankle plantarflexion was largest in the drop-jump unilateral and smallest in the 

change of direction bounding movement (Table 4). There was an interaction effect between tape 

and movement [F (4,180) =23.32, p<0.000 ηp
2=0.341], which qualified the main effects. Paired 

sample t-tests showed significant differences between taped and non-taped conditions for four of 

the five movements. In all cases, except the change-of-direction bounding movement, taping 

significantly reduced the peak plantarflexion angle (Figure 16). 

There was a main effect for tape for the peak ankle plantarflexion moment [F (1,45) 

=5.804, p<0.020 ηp
2=0.114], with a smaller moment occurring in the taped condition, across all 

movements (Table 3). In addition, there was a main effect of movement [F (4,180) =430.27, 

p<0.000, ηp
2=0.905], with all movements being significantly different to each other. The 

plantarflexor moment varied with the extent of forward motion, with the largest peak value 



78 

 

occurring in the straight-line bounding movement, and lowest value in the drop-jump bilateral 

(Table 4). Main effects were qualified by an interaction effect between tape and movement [F 

(4,180) =3.232, p<0.025 ηp
2=0.067]. Paired sample t-tests showed a significant difference 

between taped and non-taped conditions within two movements, with taping reducing the peak 

plantarflexor moment in both the bilateral and unilateral drop-jumps. There were no differences 

between taping conditions for the either of the bounding movements or the 90-degree cutting 

movement (Figure 17). 

There was no main effect of tape for the peak ankle inversion angle (Table 3). There was 

a main effect of movement [F (4,180) =50.89, p<0.000, ηp
2=0.531] as all movements were 

considered significantly different when compared individually except for two pairs. The two 

exceptions were the drop-jump bilateral compared to straight-line bounding and drop-jump 

unilateral compared to 90-degree cut. The peak inversion angle was largest in the change of 

direction bounding movement, and smallest in the 90-degree cutting movement (Table 4). There 

was an interaction effect of tape and movement [F (4,180) =4.262, p<0.007 ηp
2=0.087]. Paired 

sample t-tests showed that taping increased the peak inversion angle only during the drop-jump 

unilateral movement (Figure 18) 

  Peak ankle inversion moment exhibited no main effect of tape (Table 3). There was a 

main effect of movement [F (4,180) =382.47, p<0.000, ηp
2=0.895] and each movement was 

considered significantly different from each of the other five movements (Table 4). There was no 

interaction effect for tape and movement. 
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Table 3: Peak right ankle kinetics and kinematics, depicting the main effect of tape* 

                                                                                         Non-Taped Taped 

Anteroposterior Direction   

    Plantarflexion Angle (Deg) † -48.24(±6.74) -43.48(±6.07) 

    Plantarflexion Moment (Nm/kg) †   -2.18(±0.26)   -2.15(±0.25) 

Mediolateral Direction   

    Inversion Angle (Deg) 13.37(±5.91) 13.76(±6.19) 

    Inversion Moment (Nm/kg)   0.89(±0.24)   0.91(±0.26) 

*Data presented as mean (SD). † Denotes a main effect of tape. 

 

Table 4:Peak right ankle kinetics and kinematics, depicting the main effect of movement* 

 Drop-jump 

Bilateral 

Drop-jump 

Unilateral 

Straight-

line 

Bounding 

Change-of-

direction 

Bounding 

90 Cut 

Anteroposterior Direction      

   PF Angle (Deg) † -50.21(±8.39) -53.65(±8.23) -40.89(±6.59) -36.55(±6.48) -48.00(±9.88) 

   PF Moment (Nm/kg) †   -1.10(±.0.22)   -1.77(±0.25)   -3.04(±0.43)   -2.66(±0.37)   -2.26(±0.38) 

Mediolateral Direction      

   Inv Angle (Deg) † 15.85(±6.24) 10.72(±6.71) 14.59(±5.77)   18.01(±6.29)   8.65(±8.54) 

   Inv Moment (Nm/kg) †   0.27(±0.14)   0.78(±0.29)   1.62(±0.34)     0.63(±0.29)    1.18(±0.28) 

*Data presented as mean (SD).  †Denotes a main effect of movement. PF indicates 

plantarflexion; Inv indicates inversion. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16: Peak ankle plantarflexion angle depicting the interaction effect. * Represents 

significant difference between non-taped and taped conditions within an individual movement 

condition (p<0.01). Box represents means and error bars depict standard deviation. 
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Figure 17: Peak ankle plantarflexion moment depicting the interaction effect. * Represents 

significant difference between non-taped and taped conditions within an individual movement 

condition (p<0.01). Box represents means and error bars depict standard deviation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 18: Peak ankle inversion angle depicting the interaction effect. * Represents significant 

difference between non-taped and taped conditions within an individual movement condition 

(p<0.01). Box represents means and error bars depict standard deviation. 
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3.2 Knee Variables 

 For peak knee flexion angle, there was no main effect of tape, but there was a main effect 

of movement [F (4,180) =230.69, p<0.000, ηp
2=0.837] (Table 5). All movements were 

considered significantly different when compared individually except for one pair: the change-

of-direction bounding compared to the 90-degree cutting movements. The largest flexion angle 

occurred in the drop-jump bilateral, while the smallest occurred in the straight-line bounding 

(Table 6). There was no interaction effect for tape and movement. 

For peak knee extensor moment, there was no main effect of tape (Table 5). There was, 

however, a main effect for movement [F (4,180) =150.84, p<0.000, ηp
2=0.770]. All movements 

were considered significantly different when compared individually except for one pair: the 

straight-line bounding when compared to the change-of-direction bounding. The largest extensor 

moment occurred in the drop-jump unilateral movement, whereas the smallest extensor moment 

occurred in the 90-degree cutting movement (Table 6). There was no interaction effect. 

 Peak knee abduction angle exhibited no main effect for tape (Table 5). There was a main 

effect of movement [F (4,180) =22.02, p<0.000, ηp
2=0.329] and all movements were 

significantly different from each other when compared individually except for three pairs. 

Specifically, the drop-jump unilateral compared to straight-line bounding, drop-jump unilateral 

compared to change-of-direction bounding and straight-line bounding compared to change-of-

direction bounding were not significantly different from one another. The largest abduction angle 

occurred in the drop-jump bilateral; the smallest abduction angle occurred in the 90-degree 

cutting movement (Table 6). There was no interaction effect. 

Peak knee abduction moment exhibited a main effect for tape [F (1,45) =9.603, p<0.003 

ηp
2=0.1.76], with taping significantly reducing the abduction moment (Table 5). There was a 

main effect of movement [F (4,180) =116.69, p<0.000, ηp
2=0.722], as all movements except 
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two, were considered significantly different when compared individually. The only two 

movement comparisons that were not significant were the drop-jump bilateral when compared to 

straight-line bounding and change-of-direction compared to the 90-degree cut. The largest 

abduction moment occurred in the drop-jump unilateral, whereas the smallest abduction moment 

occurred in the change-of-direction bounding movement (Table 6). There was no interaction 

effect. 

 Peak knee internal rotation moment exhibited no main effect of tape (Table 5). There was 

a main effect of movement [F (4,180) =112.59, p<0.000, ηp
2=0.714]. All movements were 

considered significantly different when compared individually, except for one pair: the change-

of-direction bounding when compared to 90-degree cut. The largest internal rotation moment in 

the drop-jump unilateral movement, whereas the smallest internal rotation moment occurred in 

the drop-jump bilateral movement (Table 6). There was no interaction effect. 

Table 5: Peak right knee kinetics and kinematics, depicting the main effect of tape* 

 Non-Taped Taped 

Anteroposterior Direction   

   Flexion Angle (Deg) -56.28(±6.19) -56.85(±6.84) 

   Extensor Moment (Nm/kg)    2.21(±0.34)    2.19(±0.32) 

Mediolateral Direction   

   Abduction Angle (Deg)   -1.34(±4.77)   -1.72(±4.68) 

   Abduction Moment (Nm/kg) †   -0.61(±0.24)   -0.57(±0.22) 

Transverse Direction   

   Internal Rotation Moment (Nm/kg)    0.39(±0.12)    0.38(±0.12) 

*Data presented as mean (SD). †Denotes a main effect of tape. 
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Table 6: Peak right knee kinetics and kinematics, depicting the main effect of movement* 

 Drop-jump 

Bilateral 

Drop-jump 

Unilateral 

Straight-

line 

Bounding 

Change-of-

direction 

Bounding 

90 Cut 

Anteroposterior Direction      

   Flexion Angle (Deg) † -81.66(±12.14) -60.00(±8.76) -44.51(±6.59) -46.92(±6.65) -49.73(±8.51) 

   Ext Moment (Nm/kg) † 2.35(±0.31)    3.20(±0.40)    2.04(±0.57)    1.83(±0.49)    1.58(±0.40) 

Mediolateral Direction      

   Abd Angle (Deg) † -3.42(±5.48)  -1.78(±5.33)   -1.07(±4.87)   -1.74(±4.97)    0.35(±0.60) 

   Abd Moment (Nm/kg) † -0.19(±0.15)  -0.96(±0.36)   -0.25(±0.19)   -0.08(±0.35)   -0.74(±0.38) 

Transverse Direction      

   Int. Rot Moment (Nm/kg) † 0.12(±0.09)   0.69(±0.19)    0.22(±0.11)    0.41(±0.18)    0.46(±0.24) 

*Data presented as mean (SD). †Denotes a main effect of movement. Ext indicates knee 

extensor; Abd indicates knee abduction; Int. Rot indicates knee internal rotation. 

3.3 Margin of Stability (MOS) Outcome Variables 

3.3.1 Anteroposterior (AP) Direction 

The AP MOS at heel strike had no main effect of tape (Table 7). In addition, movement 

had a main effect [F (4,180) =880.40, p<0.000, ηp
2=0.951] and all movements were considered 

significantly different when compared individually. The largest AP MOS was found in the 90-

degree cutting movement whereas the smallest value was observed in the change-of-direction 

bounding movement (Table 8). There was no interaction between tape and movement. 

The minimum AP MOS exhibited no main effect of tape (Table 7), but there was a main 

effect of movement [F (4,180) =217.65, p<0.000, ηp
2=0.829]. All movements were considered 

significantly different from each other except for two pairs: both the bilateral and unilateral drop-

jumps in comparison with the 90-degree cutting movement were not significantly different. The 

largest AP MOS was found in the 90-degree cutting movement whereas the smallest value was 

observed in the change-of-direction bounding movement (Table 8). There was no interaction 

effect. 

There was a main effect of tape for the time between heel strike and the minimum AP 

MOS [F (1,45) =5.512, p<0.023, ηp
2=0.109], with the minimum MOS being reached earlier 
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(relative to foot-contact) in the taped condition (Table 7). There was a main effect of movement 

[F (4,180) =75.33, p<0.000, ηp
2=0.626]. All movements were considered significantly different 

when compared individually except for one pair: the drop-jump bilateral as compared to the 

drop-jump unilateral. The longest time to the minimum MOS occurred in the drop-jump 

unilateral, whereas the shortest time occurred in the change-of-direction bounding movement 

(Table 8). In addition, there was an interaction effect for tape and movement [F (1,45) =03.729, 

p<0.025, ηp
2=0.077], which qualified the main effects. Paired sample t-tests showed the only 

difference existed between the non-taped and taped drop-jump bilateral, with the time to 

minimum MOS reduced in the taped condition (Figure 19). 

3.3.2 Mediolateral (ML) Direction 

The ML MOS at heel strike had no main effect of tape (Table 7). In addition, there was a 

main effect of movement [F (4,180) =328.96, p<0.000, ηp
2=0.880]. All movements were 

considered significantly different when compared individually. The largest ML MOS was found 

in the 90-degree cutting movement whereas the smallest value was observed in the change of 

direction bounding movement (Table 8). There was no interaction effect of tape and movement. 

The minimum ML MOS had no main effect of tape. There was a main effect of 

movement [F (4,180) =177.24, p<0.000, ηp
2=0.798] (Table 7). All movements were considered 

significantly different when compared individually. The largest ML MOS was found in the 90-

degree cutting movement whereas the smallest value was observed in the change-of-direction 

bounding movement (Table 8). There was no interaction effect between tape and movement. 

Finally, there was no main effect of tape for the time between foot contact and the 

minimum ML MOS [F (4,180) =25.45, p<0.000, ηp
2=0.361] (Table 7). All movements were 

considered different from one another except for three pairs: the drop-jump bilateral was not 
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significantly different from the drop-jump unilateral or straight-line bounding;  straight-line 

bounding was not significantly different from the 90-degree cut. The time between foot-contact 

and the minimum MOS was longest the drop-jump unilateral and shortest in the change-of-

direction bounding movement (Table 8). There was no interaction effect between tape and 

movement. 

Table 7: Margin of stability, depicting the main effect of tape* 

 Non-Taped Taped 

Anteroposterior Direction   

   MOS Minimum (m) -0.16(±0.09) -0.16(±0.08) 

   MOS at Heel Strike (m)  0.24(±0.09)   0.23(±0.81) 

   Heel Strike to Min MOS (s) †  0.27(±0.11)   0.25(±0.08) 

Mediolateral Direction   

   MOS Minimum (m)  0.02(±0.04)   0.02(±0.03) 

   MOS at Heel Strike (m)  0.06(±0.03)   0.06(±0.02) 

   Heel Strike to Min MOS (s)  0.17(±0.08)   0.16(±0.06) 

*Data presented as mean (SD). †Denotes a main effect of tape. MOS indicate margin of stability; 

Min indicates minimum. 

 

 

Table 8: Margin of stability, depicting a main effect of movement* 

                          Drop-jump 

                         Bilateral 

Drop-jump 

Unilateral 

Straight-

line 

Bounding 

Change-of-

direction 

Bounding 

90  

Cut 

Anteroposterior Direction 

    MOS Minimum (m) † 0.06(±0.05)  0.05(±0.04) -0.25(±0.12) -0.87(±0.13) 0.20(±0.39) 

    MOS at Heel Strike (m) † 0.19(±0.05)  0.23(±0.06) -0.23(±0.12) -0.78(±0.14) 1.75(±0.42) 

    Heel Strike to Min MOS (s) † 0.43(±0.24)  0.49(±0.28)  0.02(±0.02)  0.11(±0.07) 0.26(±0.04) 

Mediolateral Direction 

    MOS Minimum(m) † 0.17(±0.03) -0.00(±0.02) -0.09(±0.06) -0.17(±0.05) 0.19(±0.16) 

    MOS at Heel Strike(m) † 0.20(±0.03)  0.03(±0.01) -0.03(±0.39) -0.16(±0.05) 0.25(±0.12) 

    Heel Strike to Min MOS (s) † 0.24(±0.18)  0.27(±0.19)  0.16(±0.05)  0.04(±0.05) 0.13(±0.07) 
 

*Data presented as mean (SD). †Denotes a main effect of movement. MOS indicates margin of 

stability; Min indicates minimum. 
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Figure 19: Heel strike to minimum AP MOS depicting the interaction effect. * Represents 

significant difference between non-taped and taped conditions within an individual movement 

condition (p<0.01). Box represents means and error bars depict standard deviation. AP indicates 

anteroposterior. 

3.4 Angle of Divergence (AOD) Outcome Variables 

 To begin, there was no main effect of tape for the root-mean-square (RMS) AOD of the 

GRFnet in the sagittal plane (Table 9). There was a main effect of movement [F (4,180) =90.60, 

p<0.000, ηp
2=0.668] and all movements were considered significantly different when compared 

individually, except for two pairs: the 90-degree cutting movement was not significantly 

different from either the straight-line bounding or change-of-direction bounding movements. The 

largest RMS AOD occurred in the change of direction bounding movement, while the smallest 

value occurred in the drop-jump bilateral (Table 10). There was no interaction effect for tape and 

movement. 

 Finally, the RMS AOD in the ML direction had no main effect of tape but had a main 

effect of movement [F (4,180) =176.01, p<0.000, ηp
2=0.796] (Table 9). All movements were 

considered significantly different when compared individually except for three pairs: the drop-

jump bilateral was not significantly different from the drop-jump unilateral; the 90-degree 

cutting movement was not different from either the straight-line bounding or change-of-direction 
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bounding movements. The largest RMS AOD occurred in the straight-line bounding movement, 

whereas the smallest value occurred in the drop-jump unilateral (Table 10). Finally, there was no 

interaction effect for tape and movement.   

Table 9: Root-mean-square of the angle of divergence, depicting a main effect of tape* 

             Non-Taped Taped 

Anteroposterior Direction   

    Root-mean-square AOD (deg) 4.07(±0.58) 4.06(±0.58) 

Mediolateral Direction   

    Root-mean-square AOD (deg) 6.10(±0.94) 6.01(±0.85) 

*Data presented as mean (SD). † Denotes main effect of tape. AOD indicates angle of 

divergence. 

Table 10: Root-Mean-Square of the angle of divergence, depicting a main effect of movement* 

 Drop-jump 

Bilateral 

Drop-jump 

Unilateral 

Straight-line 

Bounding 

Change-of-

direction 

Bounding 

90 Cut 

Anteroposterior Direction      

    RMS AOD (deg)† 1.26(±0.41) 2.35(±0.60) 4.92(±1.19) 6.30(±1.56) 5.49(±1.38) 

Mediolateral Direction      

    RMS AOD (deg)† 3.70(±0.54) 3.53(±0.53) 7.44(±1.88) 8.32(±2.02) 7.28(±2.36) 

*Data presented as mean (SD). † Denotes main effect of movement. RMS indicates root-mean-

square; AOD indicates angle of divergence. 

 

3.5 Secondary outcome variables: 

3.5.1 Centre of Mass Velocity  

 COM velocity in the AP direction exhibited no main effect of tape (Table 11). There was 

a main effect of movement [F (4,180) =428.25, p<0.000, ηp
2=0.905] and all movements were 

considered significantly different when compared individually, except for three pairs: the drop-

jump bilateral was not different from the drop-jump unilateral or the straight-line bounding 

movements, nor was the drop-jump unilateral significantly different from the straight-line 

bounding movement. The largest AP COM velocity occurred in the 90-degree cutting movement, 

whereas the smallest value occurred in the drop-jump bilateral (Table 12).  For COM velocity in 

the AP direction there was no interaction effect between movement and tape. 
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 COM velocity in the ML direction had no main effect of tape (Table 11). There was a 

main effect of movement [F (4,180) =2211.64, p<0.000, ηp
2=0.980] and all movements were 

considered significantly different when compared individually. The largest leftward ML COM 

velocity occurred in the 90-degree cutting movement, whereas the smallest leftward ML COM 

velocity occurred in the unilateral drop jump. The largest rightward ML COM velocity occurred 

in the change-of-direction bounding movement, whereas the smallest rightward value occurred in 

the bilateral drop jump (Table 12). There was no interaction effect between tape and movement. 

 Finally for COM velocity in the vertical direction had no main effect of tape (Table 11).  

There was a main effect of movement [F (4,180) =272.19, p<0.000, ηp
2=0.858]. All movements 

were considered significantly different when compared individually, except for one pair. The one 

exception being straight-line bounding compared to change-of-direction bounding. The largest 

vertical COM velocity occurred during the 90-degree cutting movement, whereas the smallest 

value occurred in the drop-jump unilateral movement (Table 12). For COM velocity in the 

vertical direction there was no interaction effect between tape and movement. 

Table 11: Centre of mass velocities, depicting a main effect of tape* 

 Non-Taped Taped 

AP Direction (m/s)   1.66(±0.16)  1.65(±0.17) 

ML Direction (m/s) -0.10(±0.09) -0.09(±0.08) 

Vertical Direction (m/s)  0.05(±0.05)  0.06(±0.05) 

*Data presented as mean (SD). † Denotes a main effect of tape. ML indicates mediolateral; AP 

indicates anteroposterior. For the ML direction, positive values indicate a leftward velocity 

(relative to the participant); a rightward velocity denotes a rightward velocity (relative to the 

participant). 
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Table 12: Centre of mass velocities, depicting a main effect of movement* 

 Drop-jump 

Bilateral 

Drop-jump 

Unilateral 

Straight-line 

Bounding 

Change-of-

direction 

Bounding 

90 Cut 

AP Direction (m/s) †  0.081(±0.02)  0.110(±0.02) 2.97(±0.37)  1.66(±0.26) 3.45(±0.36) 

ML Direction (m/s) †  0.001(±0.01) -0.002(±0.01) -0.019(±0.11)  0.555(0.13) -1.04(±0.38) 

Vertical Direction (m/s) † -0.109(±0.08) -0.144(±0.05)  0.143(±0.06)  0.116(±0.08)  0.267(±0.12) 

*Data presented as mean (SD). † Denotes a main effect of movement. ML indicates 

mediolateral; AP indicates anteroposterior. For the ML direction, positive values indicate a 

leftward velocity (relative to the participant); a rightward velocity denotes a rightward velocity 

(relative to the participant). 

 

3.5.2 Active Range of Motion (AROM)  

AROM into dorsiflexion had a main effect of tape [F (1,45) =24.12, p<0.000 ηp
2=0.349], 

in which taping reduced the extent of active dorsiflexion (Table 13). There was no main effect of 

time (pre/post). There was an interaction effect between tape and time [F (1,45) =5.10, p<0.029, 

ηp
2=0.102] (Table 13). Paired sample t-tests showed a difference between taped and non-taped 

conditions within both time (pre/post) conditions, with taping reducing peak dorsiflexion in pre 

and post conditions. There was no difference in active dorsiflexion between the pre and post 

conditions for either the taped or non-taped condition (Figure 20).  

 AROM into plantarflexion had a main effect of tape [F (1,45) =213.10, p<0.000 

ηp
2=0.826], in which taping reduced the extent of active plantarflexion (Table 13). There was a 

main effect of time [F (1,45) =17.61, p<0.000 ηp
2=0.281], in which there was an increase in the 

extent of active plantarflexion in the trials carried out after completion of the experimental trials 

(Table 13). There was an interaction effect between tape and time (pre/post) [F (1,45) =409.92, 

p<0.000, ηp
2=0.402] Paired sample t-tests showed that taping reduced peak plantarflexion in 

both the pre and post conditions. There was a significant increase in the amount of plantarflexion 

from pre to post condition, but only within the taped condition. (Figure 21). There was no 

difference pre-post in peak plantarflexion in the non-taped condition 



90 

 

 Next, AROM into inversion had a main effect of tape [F (1,45) =58.32, p<0.000 

ηp
2=0.558], where the peak inversion angle was reduced in the taped condition (Table 13). There 

was no main effect of time. There was no interaction effect between tape and time.  

 Finally, AROM into eversion had a main effect of tape [F (1,45) =33.16, p<0.000 

ηp
2=0.424], in which taping reduced the extent of active eversion (Table 13). There was no main 

effect of time. There was no interaction effect between tape and pre/post for AROM inversion. 

Table 13: Active range of motion depicting main effect of time (pre/post) and tape* 

 

 Non-Taped Taped 

Pre Post Pre Post 

Anteroposterior Direction     

   Dorsiflexion (Deg) †§   -4.81(±7.79)   -5.68(±7.90)   -9.69(± 6.23)   -9.02(± 7.17) 

   Plantarflexion (Deg)†‡ § -80.40(±8.24) -79.74(±7.79) -62.14(± 9.23) -67.45(± 8.36) 

Mediolateral Direction     

   Inversion (Deg) †  26.63(±8.39)  27.12(±8.25) 20.96(±7.64)  21.79(± 7.77) 

   Eversion (Deg) †  -0.12(±7.41)    0.48(±7.53)    4.15(± 7.91)    3.53(± 8.41) 

* Data presented as mean (SD). † Denotes main effect of tape. ‡ Denotes a main effect of 

time(pre/post). § Denotes an interaction effect.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



91 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

. 

Figure 20: Active range of motion for ankle dorsiflexion. * Represents significant difference 

between non-taped and taped in a pre/post condition. † Represents significance of pre/post in a 

taped condition. (p<0.013). Box represents means and error bars depict standard deviation 

Figure 21:Active range of motion for ankle plantarflexion. * Represents significant difference 

between non-taped and taped in a pre/post condition. † Represents significance of pre/post in a 

taped condition. (p<0.013). Box represents means and error bar depict standard deviation 
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Chapter 4 -DISCUSSION 

The current study examined kinetic, kinematic, and whole-body dynamic stability 

alterations associated with the use of prophylactic ankle taping (PAT) throughout five movement 

tasks. The purpose of the study was to determine if PAT restricted the ankle joint without 

causing compensating knee kinematics (increase in peak abduction angle and decrease in peak 

flexion angle) and knee kinetics (increases in peak extensor moment, peak abduction moment 

and peak internal rotation moment) that could increase the potential for injury to occur. In 

addition, we sought to investigate if PAT is negatively affecting task performance as determined 

by indices of whole-body dynamic stability (decreases in margin of stability and increases in 

root-mean-square of the angle of divergence), across a range of movement conditions chosen to 

differently challenge stability. Centre of Mass (COMvel) velocity and active range of motion 

(AROM) were utilized as secondary analyses to contextualize findings in the current study. The 

following discussion will first examine potential sources and consequences of alterations in 

kinematic, kinetic and dynamic stability measures brought about by the use of PAT, before 

exploring alterations in such measures as influenced by variations movement dynamics. 

4.1 On the Influence of Prophylactic Ankle Taping 

4.1.1 Ankle Joint 

 Mechanical restriction at the ankle joint was evidenced by changes in peak joint angles in 

both the anteroposterior (AP) and mediolateral (ML) directions in taped conditions. Mostly 

consistent with initial hypotheses, there was a decrease in the peak ankle plantarflexion angle in 

all movements except the change-of-direction bounding movement. In contrast to hypotheses, 

there was an increase in the peak ankle inversion angle in the taped condition, but this increased 

extent of inversion was specific to the unilateral drop-jump condition. Partly consistent with 
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hypotheses, ankle taping also reduced the peak ankle plantarflexor moment, but such a reduction 

was limited to the unilateral and bilateral drop-jump conditions. In contrast to our hypotheses, 

taping did not alter the peak frontal plane ankle moment (ankle inversion moment). 

   Our finding of reductions in the peak plantarflexion angle are congruent with previous 

studies that analyzed a taping or bracing condition with movements such as cutting, rebounding 

and running (Distefano et al., 2008; Williams et al., 2018) It is likely we did not observe a 

reduction in the peak plantarflexion angle in the change-of-direction task, as our analysis was 

restricted to the foot-ground period immediately prior to the change of direction. As such, this is 

predominately a ML task, which potentially minimizes the consequence of a large plantarflexion 

angle that arises during forward propulsion.  

The current study observed a decrease in the peak plantarflexion moment, specific to the 

two drop-jump conditions. While the literature is lacking specific analyses of the effect of ankle 

restriction during drop-jumps, parallels can be made with previous literature which analyzes 

movements that resemble drop-jumps, such as a rebounding task. Such studies have observed a 

reduction in compression and shear forces at the ankle joint (Klem et al., 2017). Our finding of 

peak plantarflexor moment reductions in the two drop-jump conditions may represent a 

confluence of such prior results. As the net joint moment represents the summed effect of all the 

individual physiological (i.e., muscle, tendons, fascia, and ligaments) and non-physiological (i.e., 

tape) moment generating structures that cross the ankle joint, the lack of change in ankle 

moments across tape conditions signifies a reduction in active moment generation by the ankle 

plantarflexor musculature during the drop-jump landings. In effect, the external stabilization 

afforded by the tape is itself creating a plantarflexor moment about the ankle joint, which reduces 

the necessity for the internal muscle moment.  
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In a normal unperturbed landing on level ground, the generation of a non-physiological 

external ankle moment through passive stabilization can potentially be deemed to be beneficial 

by reducing the amount of stress and strain on active anatomical structures, such as the 

plantarflexors of the ankle (gastrocnemius, soleus and plantaris) and passive structures such as 

tendons and fascia (along with internal joint frictional forces). Reductions in stress and strain on 

anatomical structures would certainly be beneficial from a chronic injury perspective, 

particularly considering the repetitive loading that is typical of athletic activities.  

However, with a reduced active moment produced by the ankle musculature during 

landing – perhaps as a result of reduced pre-activation of musculature prior to landing – there is 

potential for PAT to delay the onset of active muscle force generation in attempt to stabilize the 

ankle if the mechanisms for lateral sprain were present – specifically, if the ankle was 

excessively plantarflexed, inverted, and the lateral calcaneus was the primary contact to the 

ground at foot contact. Such delay in muscular force output at the ankle may result in insufficient 

force in an appropriate time to counteract excessive ankle kinematics that may lead to injury.  

 Such a notion regarding the potential negative effects of taping has been supported by 

previous research. Kristianslund, Bahr, & Krosshaug, (2011) investigated an accidental lateral 

ankle sprain of a female handball player that had occurred during a study without the use of an 

external ankle support and concluded that peak inversion that caused the injury occurred between 

the timeframe of 130ms and 180ms following foot-contact. Further, Trégouët et al., (2013) 

proposed that the best protection against a lateral ankle sprain injury occurs if the muscles are 

pre-activated before foot contact. It is important to note the authors’ assertion that the force 

needed to invert the ankle past 15 degrees when tape or bracing is applied would be double that 

of a non-taped ankle, which does suggest some protective effect of taping (Trégouët et al., 2013). 
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However, given the premise that the ankle musculature can create the greatest moments of force 

and, hence, is the best ankle stabilizer, coupled with the fact that ankle muscle latency with 

electromechanical delay would lead to a moment about the ankle in a timeframe of 145-153ms 

(Trégouët et al., 2013), suggests a temporal congruence between the time courses of peak 

moment generation. As such, any delay in peak moment timing could lead to injury in the event 

of abnormal ankle kinematics. If PAT can enhance pre-activation of muscle activity or offer 

protection of double that of a non-taped ankle, PAT can be interpreted as a beneficial 

application. However, if PAT has a potential to cause a delay in timing, reduced moment 

generation or a reliance on a passive restraint that can inhibit the ankle’s best response of 

counteracting a lateral ankle sprain, this can be potentially detrimental from an injury 

perspective.  

It should be noted that a meta-analysis performed by Plangtaisong, Shen, Wheeler, & 

Fong, (2021) found that prophylactic ankle supports in the form of taping and bracing showed no 

change in peroneus longus reaction time. This supports the use of PAT, as it has been found to 

not delay muscle response time but provide an external resistance. Additional work will be 

needed to understand if the timing of the peak moment is delayed in the presence of an external 

ankle mechanical restraint (differently from the onset of muscle activity), as this was not directly 

evaluated in the current work.  

The fact that significant differences in both ankle angles and moments only occurred in 

the drop-jump conditions warrants investigation. In drop-jump landings, the plantarflexor and 

invertor moments act eccentrically to dissipate energy and control the ankle kinematics. Such a 

role in landing and stopping is different than the bounding and cutting tasks, which require 

concentric moments for forward and lateral propulsion. The current results suggest ankle taping 
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has no influence on propulsion but may hinder the generation of eccentric moments (which may 

spare the active and passive ankle structures or alter ankle control, as discussed previously). 

Further work should examine the peak moment powers to understand if there is a differential role 

of tape under conditions where concentric and eccentric moments are required.  

Apart from the increased peak ankle inversion angle in the drop-jump unilateral 

movement, we did not find effects of tape in the frontal plane. The study chose to study the 

amount of restricted ROM at the ankle provided by PAT throughout movement tasks and in 

AROM. AROM provided the end ROM in open-kinetic chain movement in both taping 

conditions. It was found that for all five movement conditions they did not reach peak ankle 

inversion angle values close to those in their end ROM data. Furthermore, this explains for the 

current protocol, peak ankle inversion angle would quantify the total amount of participant’s 

normal ROM being reduced by PAT. This protocol analyzed PAT’s affect of normal ROM and 

not the injury inducing thresholds that PAT may restrict. Due to the protocol challenging 

stability and not injury inducing thresholds of participants, no determination of PAT’s effect of 

ROM surpassing that of their end ROM can be made. It is possible that PAT does not have the 

capability to restrict frontal plane kinematics. It is also possible that PAT did not restrict the 

normal ROM that an individual would require to accomplish each movement condition, since the 

current study analyzed perturbed stability and did not place individuals in injury inducing 

positions. As such, there is potential that PAT had no effect on the amount of ROM needed to 

complete each movement but could limit excessive (i.e., injury inducing) ROM if it occurred.  

Such a notion is consistent with secondary analyses of AROM, which showed a reduction 

in peak angular displacements in both planes of motion. Reduction in peak angular 

displacements during the AROM conditions, without corresponding changes in ankle kinematics 
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during the experimental movement conditions suggests that either: a) the ankle kinematics during 

the experimental conditions was within kinematic tolerances afforded by the tape and was not at 

extreme ranges of motion, as occurred in the AROM trials; or b) the forces generated during 

movement exceed the capacity of the tape to restrain ankle kinematics. For the frontal plane, the 

former explanation is likely appropriate, as the peak angular displacements in AROM trials was 

approximately double those that occurred in the movement conditions. In the AP direction, it is 

likely the case that tape is effective in reducing ROM in an open-kinetic chain condition, when 

external forces are absent, but does not have similar effects in a closed-kinetic chain condition 

when substantial external and internally generated forces are present. This may be particularly 

true as there was an increase in AROM only into plantarflexion among AROM trials performed 

after the completion of the experimental session, suggesting a change in the mechanical 

properties of the tape as a function of repetitive loading. This loosening of tape could affect the 

restricting capability of the tape during exercise longer than one hour, as performed in the current 

study. Previous studies have shown slight increases in the compliance self-adherent tape, but 

such results did not reach significance. However, it should be noted that, differently from the 

present study, these results occurred after 30 minutes of physical activity (Purcell et al., 2009). 

4.1.2 Knee Joint 

 The present study sought to elucidate any compensation arising the knee, as a function of 

ankle restriction, that could increase the susceptibility for injury, as would be evidenced by 

changes in peak joint angles and peak joint moments consistent with anterior cruciate ligament 

(ACL) tear mechanisms (Quatman et al., 2010). Quatman et al., (2010) reported that 82% of non-

contact ACL injuries occurred with an occurrence of a combination of multiplanar mechanisms 

causing damage to the ACL. Therefore, the current study also included multiplanar movements 
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to investigate if PAT was further exacerbating such non-contact ACL injury mechanisms in 

relation to primarily uniplanar movements.  

 Reduction in knee flexion angle or a “stiff-legged” position has been associated with an 

increase in ACL injury susceptibility, particularly in a landing or cutting task (Podraza & White, 

2010; Quatman et al., 2010; Wetters et al., 2016). The current study saw changes in knee flexion 

across all tasks but overall showed no significant main effect of tape, which coincides with the 

findings in which ankle supports (ankle taping and ankle bracing) presented no significant 

change in a stiff-legged position in drop-jump tasks (Williams & Riemann, 2009). Furthermore, 

the current study did not achieve a response similar to the study performed by Williams et al., 

(2018) in which they saw a significant decrease in knee flexion in a rebounding task. This was 

not observed in either drop-jump tasks that resemble a unidirectional jumping task. This may be 

attributed to participants dropping from a 0.5-meter plyobox to complete the bilateral and 

unilateral drop-jump. Dropping from a designated height, instead of the jumping and landing 

protocol performed by Williams and colleagues, may extend the ground contact phase and may 

increase the required levels of knee flexion and knee angular impulse to absorb/dissipate kinetic 

energy.  

Participants had more knee flexion in the bilateral drop-jump condition than in any other 

movement condition. This most likely occurred due to the fact that the largest base of support 

(BOS) during ground contact occurred in this condition. In addition, out of all five movement 

conditions, the bilateral drop-jump condition is the only task to have both limbs make contact to 

the ground throughout quantification of knee kinetics/kinematics. It may be possible with a 

larger support base, participants have a greater opportunity to achieve a greater amount of knee 

flexion for this specific movement condition. As the movements move to a unilateral dominant 
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condition, participants elicit a decreased knee flexion response. This may be due to increased 

stability challenges of a decreased BOS, which inhibits the ability to achieve a similar response 

of knee flexion to that of the bilateral condition (i.e., as a function of the linked-segment nature 

of the human body, increased knee flexion not only lowers the COM, but has the potential to 

move it outside the BOS in the anteroposterior direction). This is evidenced by a decrease of 

approximately 21-37 degrees of knee flexion in the four unilateral dominant conditions when 

compared to the bilateral drop-jump (Table 6). When comparing the unilateral drop-jump 

condition to the bilateral drop-jump, both a reduction of knee flexion and an increase in knee 

extensor moment occurred on landing, respectively. Collectively, these two outcome variables 

explain, in a one-legged landing, an increase in stiff-legged position and an increase in the knee 

extensor moment consequently increase amount of force occurring on the anterior aspect of the 

knee (through the patellar tendon and applied to the tibial tuberosity). This increase in moment of 

force applied to the anterior aspect of the knee may elicit a greater anterior pull on the tibial 

plateau, potentially creating a greater stress on the ACL. Further work will be needed to evaluate 

these notions under conditions of increased knee flexion, such as during vertical jumping for 

maximal height requiring a large countermovement prior to take-off. 

There is potential that PAT is providing a decrease in ankle dorsiflexion which may 

inhibit the ability of participants to have further knee flexion in landing. Mason-Mackay et al., 

(2017) explain through a systematic review in which they determined it is possible that 

reductions in ankle dorsiflexion may alter landing mechanics. The authors explained that further 

sport-specific landing tasks were needed to explain specific mechanical patterns, but knee 

flexion has the potential to be influenced by reductions in ankle dorsiflexion. However, if PAT 

was causing reductions in ankle dorsiflexion in stability challenging unilateral tasks such as the 
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unilateral drop-jump condition in the current protocol, this may explain the reduced level of knee 

flexion that occurred. Furthermore, for the straight-line bounding, change-of-direction bounding, 

and 90-cut conditions, decreases in knee flexion could be attributed to movement condition 

requirements, reduced BOS and/or reductions in ankle dorsiflexion. This could also increase the 

amount of knee extensor moment by having less eccentric power occurring in the antigravity 

musculature surrounding the knee joint, as a function of reduced knee joint angular velocity into 

flexion. In a more fully extended knee position, with a reduced extent of flexion, the knee 

becomes in a less advantageous position to absorb kinetic energy at impact, thereby increasing 

the amount of GRF propagating up the lower kinetic chain (Podraza & White, 2010). In this 

specific case, with a more extended knee position, it would be the external GRF rather than an 

internal quadriceps/hamstrings muscular imbalance causing strain on the ACL. This could 

become problematic in this specific case where these high forces are accompanied by dynamic 

knee valgus. Again, examination of the effect of mechanically restricted ankle dorsiflexion on 

knee flexion in sport-specific movements does require further study. 

 Knee abduction angle or knee valgus is an important characteristic of the ACL tear as the 

typical ROM in the frontal plane is considerably lower than that of sagittal plane movement 

(Quatman et al., 2010).  Quatman et al., (2010) conveyed that 80% of the studies they observed 

saw a frontal plane mechanism associated with a multi-plane ACL tear. In addition, these authors 

state that excessive frontal plane motion – beyond the normal ROM - can be catastrophic to the 

knee joint. This is consistent with the work of Olsen, Myklebust, Engebretsen, Holme, & Bahr, 

(2003) who concluded that dynamic abduction collapse was the most associated mechanism of 

ACL injury in female handballers. The current study observed when PAT was applied, there was 

a very small, but non-significant, increase in the peak knee abduction angle compared to the 
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control condition. As such, PAT did not have a significant effect on frontal plane movement 

(Williams et al., 2018). Although only minimal increases were observed in the present work, 

such increases in frontal plane ROM when PAT is utilized can be seen as potentially detrimental 

– differently from the sagittal plane, small increases in frontal plane knee angular displacements 

represent a larger percentage of the total frontal plane ROM and, consequently, a larger deviation 

from typical ROM. Increasing ROM occurring in a structure that is anatomically limited for 

ROM excursions in the frontal plane, should warrant additional precautions (Quatman et al., 

2010).  

 Frontal plane force mechanisms have been highlighted to be involved in ACL injury 

incidents (Quatman et al., 2010). In addition, previous studies have shown that knee abduction 

forces during dynamic tasks are capable of causing rupture of the ACL (Krosshaug et al., 2007; 

Olsen et al., 2003). Due to the muscular and anatomical restrictions, less movement and less 

muscle force generation occurs in the frontal plane, compared to the sagittal plane (Quatman et 

al., 2010). Therefore, observation of knee abduction moment of force is important to understand 

if PAT is increasing the amount of force in passive structures across the knee joint in the frontal 

plane. The current study revealed a significant decrease in peak knee abduction moment of force 

in a taped condition compared to the control. Contrary to initial hypotheses, in which it was 

believed PAT would increase the amount of force acting across the frontal plane knee kinetics, 

PAT induced a reduction in frontal plane kinetics acting across the knee. Our findings agree in 

theory with previous literature that saw a decrease in shear forces in the frontal plane when ankle 

taping or bracing was applied in unidirectional movement conditions (West et al., 2014; 

Williams et al., 2018).  
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 Multidirectional movements have been investigated due to the large forces that are 

precursors to increasing the susceptibility of injury to the ACL in sport-specific movements 

(Quatman et al., 2010). Previous findings have reported no change in frontal plane knee 

mechanics in multidirectional tasks, as a result of attempted restriction in ankle dorsiflexion 

(Klem et al., 2017; Williams et al., 2018). The authors explain that this may arise due to the 

external ankle support failing to restrict ankle dorsiflexion to an extent that would lead to frontal 

plane knee kinetic compensations (Klem et al., 2017; Williams et al., 2018). As per the current 

study, knee frontal plane mechanics were significantly reduced when PAT was used. PAT did 

not alter frontal plane ankle kinetics or kinematics but did decrease frontal plane knee kinetics 

throughout the movements investigated. This may be attributed to PAT decreasing sagittal plane 

kinetics and kinematics at the ankle (ankle plantarflexion angle and moment). Although the 

current study did not investigate ankle dorsiflexion kinematics or kinetics, ankle plantarflexion 

angle and ankle plantarflexion moment were significantly reduced in dynamic movement. In 

addition, ankle dorsiflexion was significantly reduced in open-kinetic chain measurements as per 

AROM. Further studies are needed to evaluate the effect of ankle dorsiflexion on frontal knee 

kinetics. 

 Rotational force acting in the transverse plane at the knee joint can potentially exacerbate 

the tautness of the ACL in dynamic non-contact injury (Quatman et al., 2010; Wetters et al., 

2016). Meyers et al. (2015) reported that high torsional tibial loads can cause damage to the 

ACL. Although it has been reported that approximately 5% of ACL injuries occur to a sole 

transverse plane injury mechanism, the potential of internal rotary forces have to intensify the 

injury of an ACL should be investigated (Quatman et al., 2010). The current study reported no 

significant findings that PAT increased knee internal rotation moment of force in dynamic 
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activity. Our findings are contrary to previous work in which ankle supports led to a significant 

reduction in knee internal rotation in unilateral movements such as rebounding, straight-line 

sprinting or side stepping movements (Stoffel et al., 2010; Williams et al., 2018). In addition, the 

current study did not replicate the findings reported by Williams et al., (2018) who observed a 

significant increase in knee internal rotation moment of force in the cutting task when PAT was 

applied. The current study provided novel movements that can be attributed to differences in 

previous work of prophylactic ankle stabilizers. The current study utilized movement conditions 

that emphasized stability challenging attributes, such as a reduced BOS, predominately unilateral 

movements and those containing altered levels of accelerations/decelerations. Both propulsive 

and absorptive movement conditions were utilized to understand how participants controlled 

their GRF in order to maintain dynamically stable. Due to the emphasis on challenging stability, 

this may cause results to differ from more sport-specific movement conditions used in previous 

work (Klem et al., 2017; Mason-Mackay et al., 2016; Stoffel et al., 2010; Williams et al., 2018).    

 Collectively, PAT has the ability to significantly limit ankle ROM in the sagittal plane. 

Although contrary to initial hypotheses in which PAT would cause harmful compensatory 

biomechanics (decrease knee flexion angle, increased knee abduction angle, increased knee 

extensor moment, increased abduction moment and increased internal rotation moment) that may 

increase the susceptibility for injury, we saw no changes in knee kinematic and kinetic outcome 

variables, apart from the reduction in the knee abduction moment. Together, these are potentially 

beneficial findings, where PAT creates protective properties and restrictive properties at the 

knee, while producing no significant change in harmful movement patterns that may place the 

ACL at a higher risk for injury. However, from a movement standpoint, the novel movement 

conditions of the current study highlight the influences of altering levels of stability and the 
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biomechanical changes that occur as a result. As the movement conditions moved from bilateral 

to unilateral and the BOS became smaller, knee flexion angle reduced. In addition, knee internal 

rotation moment increased, which may suggest that absorption of kinetic energy is reduced, and 

higher internal rotary forces may occur in more multidirectional/multiplanar movements. 

Furthermore, explaining if injurious ankle kinematics were to occur in a movement, participants 

would have less degrees of freedom to manage as a facet of reduced BOS and larger amounts of 

forces to control with less support through active musculature.  

4.1.3 Whole-Body Dynamic Stability 

 Whole-body dynamic stability was investigated to further understand if performance of 

the individual movement conditions was perturbed by PAT. The basic premise was to understand 

whether individuals attempt to maintain a consistent level of performance while placing the 

lower limb joints at increased risk of injury, or if individuals sacrificed performance to spare the 

lower limb joints. This question was assessed by two outcome measures: margin of stability 

(MOS) and angle of divergence (AOD) of the net ground reaction force (GRFnet). MOS – a 

measurement of whole-body dynamic stability - was examined at heel strike and at its minimum 

value during the landing phase of each movement. The time between foot contact and the 

minimum MOS was also analyzed to understand the temporal differences in stability control that 

may arise as a function of PAT – the idea here being that reductions in the time to minimum 

MOS may compromise whole-body stability/performance because of a reduction in time to 

generate restabilizing forces during ground contact. The three mentioned outcome variables were 

analyzed in both the AP and ML directions. Changes in AOD were examined using the root-

mean-square (RMS) AOD in both the AP and ML direction. Together with the MOS, the AOD 

helps contextualize stability, as the AOD provides an indication of the centre of mass control 
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through the generation of applied forces through the lower limb. The following section will 

provide an interpretation of the influence of PAT on performance determined by whole-body 

dynamic stability outcome measures. Additionally, centre of mass velocity (COMvel) was 

examined as a secondary performance-related variable to understand the potential for individuals 

to perform tasks at a reduced movement velocity to maintain dynamic stability in the face of 

mechanical restriction at the ankle. 

 Beginning with the AP MOS, we initially believed when PAT was applied, MOS would 

be reduced, and the reduction of MOS would be greater in more stability challenging movement 

tasks. Given the lack of significant main effect of tape or interaction for both MOS at heel strike 

and minimum MOS, our findings suggest that, overall, PAT did not have an effect in the way 

participants were able to maintain AP stability throughout each movement condition. Further, 

while the AP MOS at heel strike and minimum MOS did predominantly differ across conditions 

by movement complexity, it remained consistent across taping conditions. Such results suggest 

that the movement conditions were increasing the challenge to dynamic stability, but PAT did 

not differentially (or at all) alter the dynamic stability challenge or the effect on movement 

performance. 

 Mainly consistent with initial hypotheses, PAT did have an effect in the AP direction on 

the time between heel strike to minimum MOS. However, this was only true for the bilateral 

drop-jump condition, as participants reached their maximum level of instability more quickly in 

the bilateral drop-jump condition when PAT was utilized when compared to the control. It 

should be noted that although participants reached instability more quickly, PAT did not 

influence the overall level of instability throughout the bilateral drop-jump condition, as 

suggested by magnitude of the MOS at foot-contact and the minimum MOS. However, if PAT is 
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affecting the amount of time an individual possesses before they reach peak instability when 

landing, this can reduce the total time an individual has to react to any disruption in stability in 

the AP direction. Furthermore, this may potentially reduce the reaction time to any potential 

perturbances in stability if they occur. This effect may be most notable in the two bounding 

conditions. As the time to minimum MOS was below 100 ms, there is insufficient time to 

generate reactive restabilizing forces in response to instability (Singer et al, 2016); instead, such 

restabilizing forces would need to be determined proactively and applied at initial ground 

contact. While PAT appears to have no influence on the potential for whole-body instability, 

bounding movements may be particularly problematic should the ankle be placed in a 

compromised position at ground contact – during this time, the balance control system would be 

forced to deal with both whole-body and joint-level instability, with insufficient time to generate 

reactive lower limb force output to restore either form of stability.  

 Due to the varying levels of whole-body stability during each movement and restriction 

at the ankle joint due to PAT, participants may have altered COM velocity to correct instabilities 

in whole-body dynamic stability. Whereas, instead of sacrificing the musculoskeletal system to 

remain stable (performance) or sacrificing stability in order to preserve the musculoskeletal 

system, participants could have chosen to reduce their velocity to achieve a similar stability 

control response. However, (COMvel) in the AP direction was not influenced by the presence of 

ankle taping throughout the protocol. This further suggests that participants were able to achieve 

a similar amount of dynamic stability regardless of taping condition, while maintaining a similar 

velocity throughout movements. This is a beneficial outcome as PAT did not influence 

performance as reflected by AP MOS or AP velocity outcome variables. 



107 

 

 For MOS in the ML direction PAT did not influence any of the three outcome variables 

for how an individual remained stable during movement. Contrary to initial hypotheses, ML 

MOS at heel strike, ML minimum MOS and time between heel strike to minimum ML MOS 

remained similar in a taped vs. non-taped condition, although all movement conditions were 

considered significantly different from one another. Although tape did not significantly alter our 

measured outcome variables, significant differences across movements provides support and 

context that the chosen movements were successful in providing a range of challenges to 

stability. For the three propulsive movement conditions (straight-line bounding, change-of-

direction bounding and 90-cut) the amount of time to peak instability remained under 170ms, 

suggesting the potential to recover from a compromised ankle position is lower in these 

propulsive tasks rather than the drop-jump conditions. Furthermore, for the change-of-direction 

bounding and 90-cut conditions, the time to peak instability was under 140ms which falls under 

the range of  the timeframe of 145-153ms suggested by Trégouët et al., (2013) to generate an 

ankle moment of force with coupled muscle latency. These two conditions theoretically would 

have not enough time to generate a reactive response to a compromised ankle position if an ankle 

sprain occurred. 

In the ML direction PAT had no effect on MOS although the majority of movements 

were different from one another. This agreeance relays the idea of PAT being a beneficial 

application as it did not cause any underlying stability detriments while providing an external 

protection at the ankle. However, it should be noted that there is potential that PAT did not 

influence ML MOS due to no contribution of mechanical restriction throughout movement 

conditions, as in each movement condition the ankle potentially remained in a ROM which did 

not require any influential restriction of PAT on the talocrural joint. This is reflected by PAT 
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having little influence on ML ankle kinetics and ML ankle kinematics. The goal of PAT is to 

restrict the amount of excessive ROM that may induce injury. There is potential that the goals of 

mechanical restriction are not reflected in the results found in the current study, as we did not 

elicit excessive ankle ROM in any movement. Nevertheless, PAT did not interfere with the 

majority of joint-level and whole-body kinematics to potentially cause injury or limit 

performance, respectively. In addition, there is potential that PAT would have the capability to 

prevent excessive ROM, which is represented as reductions in AROM in open-kinetic chain 

movement. However, participants did not reach the AROM kinematic ranges in the closed-

kinetic chain movement conditions of the current study; thereby we lose the ability to examine 

the effect of PAT to reduce excessive ROM while large external applied loads are present, which 

would be typical of athletic movements. PAT had no detrimental effects on ML stability while 

protecting the lateral ligaments of the ankle and reducing knee forces in the ML direction. All of 

such effects would be deemed to be positive attributes of PAT application on a non-injured 

population. 

There was no effect of tape on the MOS in either the AP or ML direction, which could 

have been influenced by a reduction of COM velocity in order to achieve a similar stability 

response. As such, we examined COM velocity and found no evidence that ankle taping induced 

slower velocities in either the AP or ML directions.  

 The analysis of the RMS of the AOD allowed for the examination of the control of 

applied forces necessary to remain stable throughout dynamic movement. Calculated in both AP 

and ML directions, the RMS of the AOD signified if, as a function of PAT, an individual 

required an increase in the GRF eccentricity about the COM, signifying an increased necessity to 

regulate both linear and angular whole-body accelerations. Contrary to initial hypotheses, PAT 
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had no effect in the need for individuals to perform higher RMS values of the AOD in either 

AP/ML direction. These findings align with the MOS results represented prior. In movement, 

increasing instability (decreasing stability) requires a greater demand of individuals to 

manipulate the GRF to counteract destabilizing gravitational moments about the COM to 

become/remain stable. If there is little to no change in dynamic stability throughout movement in 

either taping condition, there would be little to no need to generate larger GRFnet eccentricities to 

remain stable. As per the current study, there was no taping effect in the AP/ML MOS outcome 

variables (excluding AP time between heel strike to minimum MOS for the bilateral drop-jump). 

These outcomes can be deemed as beneficial, as PAT did not cause further instability nor 

increases in eccentricities about the COM in the majority of whole-body dynamic stability 

outcome variables. Furthermore, deducing that PAT is a beneficial application as it did not 

disrupt any AP/ML whole-body dynamic stability kinetic variables and did not influence any 

AP/ML whole-body dynamic stability kinematic variables (excluding time to heel strike to 

minimum MOS in the bilateral drop-jump condition). 

4.2 Limitations & Delimitations 

 A limitation to this study is an inability of ensuring maximal effort given in all movement 

conditions that required the fastest velocity to complete the task (straight-line bounding, change-

of-direction bounding, 90-cut). While this may limit the generalizability of findings to an extent, 

we attempted to ensure participants were executing the movement with consistent velocity, 

across taping conditions, by analysing COM velocity. However, we may not attest to their 

maximal effort. Furthermore, some participants felt minor restrictions due to the Velcro and 

taping adhesives keeping the tracking markers for motion analysis on securely. This slight 

restriction could inhibit the capability of participants being able to perform each movement 
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condition to the best of their ability. Although the discomfort was minor in full effort 

movements, this can affect velocity and stability. Equipment placed on the participant may 

hinder the capability of participants to preform stability challenging movements, as they are not 

accustomed to having equipment placed on their extremities normally. However, feedback from 

the participants ensured that they were comfortable, had no pain and the least amount of 

restriction when completing each movement condition. 

 A second limitation involved the size of the location (i.e., lab space) to perform the tasks. 

Although all movement conditions were chosen to challenge stability, completing the task as 

quickly as possible was needed for the straight-line bounding, change-of-direction bounding and 

90-cut tasks. Due to the size of the environment to perform the aforementioned tasks, 

participants had to generate maximum velocity with less-than-ideal space. Specifically, for the 

90-cut task, a few participants indicated due to spacing, they could not generate enough speed 

before reaching the force platform to perform the cut needed in the task. In addition, if a 

participant did not make complete contact with the force plate (i.e., partially hit the side of the 

force platform) the trial recorded could not be used. If a participant did not fully hit the force 

plate the recorded data would be unreliable (i.e., misrepresent the magnitude and direction of the 

force vector) and therefore needed to perform another trial. This could have increased the 

number of repetitions a participant had to achieve a successful trial, which may have affected the 

variability of the results. Mainly by giving further practice on stability challenging movement 

conditions and the potential for onset of fatigue. 

 A third limitation was the primary use of unilateral movement conditions on the same 

lower extremity (right). There is potential that using the right lower limb for the majority of the 

study could have introduced a level of fatigue to each of the participants. Participants were given 
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as much time as they required to recover. However, repetitive tasks could have caused increases 

in variability in results for both intersegmental and whole-body dynamic stability outcome 

variables. 

A fourth limitation was the placement of calibration markers leading to possible 

misalignment of local coordinate systems and consequent challenges in decomposing Cardan 

angles and assignment of rotations to the correct anatomical axis. Although calibration markers 

were placed on by research personnel with a high level of knowledge of human anatomy (i.e., a 

Certified Athletic Therapist) on specific bony anatomical landmarks consistent across 

participants, there is still placement error that must be considered with the between-participant 

variability in tissue thickness overlying such bony landmarks. In addition, absolute marker 

movement refers to the association between fixed marker clusters and the underlying skeletal 

tissue. Although marker clusters were rigidly affixed to the segment, skin-mounted marker 

clusters will translate during movement in respect to skeletal motion, as a function of the 

wobbling mass of tissue overlying the skeleton. This presents challenges in measuring exact 

skeletal motion, which may affect intersegmental and whole-body quantifications.  

A fifth limitation was the influence of body mass index and strength of participants and 

the same use of PAT across participants. PAT will have tensile strength properties that will be 

stressed to a higher level when the participants are larger and stronger and may provide more 

force across the ankle joint. This presents challenges in the ability to apply consistent restriction 

of PAT across a wide variety of participants and to understand how the tape is reacting across 

participants. In addition, lack of sex-based observations provides challenges in differentiating the 

influences of anatomy architecture between sexes. 
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A sixth limitation is the lack of electromyography to understand muscle onset to interpret 

if muscles are pre-activated before heel strike contact. Due to the amount of equipment that 

would be placed on a participant throughout the entirety of the protocol this was chosen to be 

excluded from the study. 

Another limitation is the learning effect that may occur as participants perform the trials 

that challenge stability. This can affect the whole-body stability outcome variables as 

participants may further gain familiarity from the first to last trials in each movement condition. 

As participants can understand the influence of PAT in controlling their movement from the first 

to last trial, this can improve their stability across the protocol. Although movement conditions 

were counterbalanced a learning effect may still be present. 

            Finally, a limitation of inverse dynamics analysis is an inability to decompose the joint 

moment and assign moments of force to individual structures. In this study only one structure 

was changing (i.e., the passive effects of tape). As such, we can ascribe some effect to the tape 

between condition, assuming movements are performed consistently with consistent force 

application.  

 A delimitation of this study was the use of PAT on only one ankle (right) on every 

participant regardless of foot dominance. Although the “Waterloo footedness questionnaire” was 

utilized to determine footedness prior to the study, the decision to maintain consistency of the 

right limb taping was implemented. The choice to perform unilateral taping on the right limb 

limits the capability of symmetrical investigation - specifically, for the drop-jump bilateral 

condition. In addition, the two left-footed participants performed the protocol on their non-

dominant limb. However, the goal of the study was to challenge stability and understand the 

influence of PAT. In the pilot data, investigation of PAT on left, right, both feet and a non-taped 
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condition was performed. Increases in data collection time (and participant perspiration) 

associated with multiple taping conditions lead to slipping of tracking marker clusters in some 

pilot participants, which affected the accuracy of reconstructing the local coordinate systems for 

each segment. Therefore, the choice was to have better quality data from a unilateral 

investigation, as we could still achieve the goals of the study. We were fully aware that this 

would limit the applicability of the results of the study to left footed individuals. 

4.3 Conclusion 

In summary, present results further support the idea that PAT restricts sagittal plane 

kinetics and kinematics at the ankle joint in both open and closed kinetic chain movements. 

However, PAT did not restrict frontal plane kinetics and kinematics at the ankle in closed-kinetic 

chain movements. There were no taping differences in ankle inversion angle nor ankle inversion 

moment, which is the primary goal of PAT. This may be modulated by participants remaining in 

a ROM at the ankle that did not elicit a response at the knee during closed kinetic chain 

movement. PAT did not influence joint angles nor joint moments of force at the knee joint that 

may reflect ACL injury susceptibility throughout the five movement conditions. PAT did reduce 

the frontal plane knee abductor moment, which may a beneficial attribute for the application 

rationale for PAT. Furthermore, whole-body dynamic stability measures per majority were 

uninfluenced by the mechanical restriction in both AP and ML directions throughout movement 

conditions. Participants were able to remain relatively similar in their stability parameters, 

regardless of taping condition. Secondary analyses revealed PAT reduced joint angles in all four 

open-kinetic chain frontal and sagittal plane movements. In addition, participants did not slow 

their COM velocity in order to spare AP or ML stability throughout the movement conditions. As 

per injury implications, the current study supports the application of PAT, based on the 
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properties of restriction in sagittal plane kinetics and kinematics with potential to restrict 

injurious frontal plane biomechanics at the ankle. Additionally, compensations were not 

observed that would support the idea that restriction at the ankle would cause injurious, 

excessive movements at the knee joint. Furthermore, the lack of whole-body dynamic stability 

changes across taping conditions suggests participants did not become more unstable across 

movement conditions and did not require any additional segmental response to counteract 

instability when PAT was applied. Therefore, they were able to perform movement conditions in 

a similar fashion regardless of tape condition.  

Further work is required to uncover the influence of PAT on whole-body dynamic 

stability when under conditions of dual tasking to further challenge sport-specific applicability, 

such as catching a ball or dribbling a basketball throughout movement conditions. Such analyses 

may allow for further understanding of if PAT is the main influence of injury propagating up the 

lower kinetic chain. There is potential that individuals may be susceptible to surpass thresholds 

normally controlled when focus is primarily applied strictly to movement execution.  
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Appendices 

Full Statistical Analyses  

Appendix 1: Plantarflexion Angle  

 

Table 1.1: Main effect and interaction for plantarflexion angle: omnibus repeated measures 

ANOVA* 

Outcome variable Main effect and 

Interaction 

F-Score, numerator/denominator, p-

value, and partial eta square 

Plantarflexion Angle Tape F (1,45) =116.35, p<0.000, ηp
2=0.721 

 Movement F (4,180) =71.170, p<0.000, ηp
2=0.613 

 Interaction F (4,180) =23.316, p<0.000, ηp
2=0.341 

 

 

Table 1.2: Mean peak right ankle plantarflexion angle, depicting the main effect of tape* 

                                                                                         Non-Taped Taped 

Anteroposterior Direction   

    Plantarflexion Angle (Deg) † -48.24(±6.74) -43.48(±6.07) 

*Data presented as mean (SD). † Denotes a main effect of tape. 

 

Table 1.3: Mean peak right ankle plantarflexion angle, depicting the main effect of movement* 

 Drop-jump 

Bilateral 

Drop-jump 

Unilateral 

Straight-

line 

Bounding 

Change-of-

direction 

Bounding 

90 Cut 

Anteroposterior Direction      

   PF Angle (Deg) † -50.21(±8.39) -53.65(±8.23) -40.89(±6.59) -36.55(±6.48) -48.00(±9.88) 

*Data presented as mean (SD).  †Denotes a main effect of movement. PF indicates 

plantarflexion. 
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Table 1.4: Plantarflexion angle examining the main effect of movement: follow-up paired sample 

t-test* 

 Movement  DF t-score p-value Cohen’s D 

Pair 1 DJB and DJU   45 5.16 0.000 0.41 

Pair 2 DJB and SL   45 -7.95 0.000 1.24 

Pair 3 DJB and COD    45 -12.86 0.000 1.82 

Pair 4 DJB and 90_Cut  45 -1.37 0.179 0.24 

Pair 5 DJU and SL   45 -11.47 0.000 1.71 

Pair 6 DJU and COD   45 -15.29 0.000 2.31 

Pair 7 DJU and 90_Cut  45 -3.58 0.001 0.62 

Pair 8 SL and COD   45 -7.29 0.000 0.66 

Pair 9 SL and 90_Cut  45 6.19 0.000 0.85 

Pair 10 COD and 90_Cut  45 9.28 0.000 1.37 

*Note: p<0.005 (Bonferroni correction). DF indicates degrees of freedom; DJB indicates drop-

jump bilateral; DJU indicates drop-jump unilateral; SL indicates straight-line bounding; COD 

indicates change-of-direction-bounding; 90_cut indicates 90-degree cutting.   

 

Table 1.5: Plantarflexion angle examining the interaction between movement and tape: follow-up 

paired sample t-test* 

 Movement  DF t p-value Cohen’s D 

Pair 1 DJBNT and DJBT   45 -10.05 0.000 1.03 

Pair 2 DJRNT and DJRT   45 -9.68 0.000 0.76 

Pair 3 SLNT and SLT    45 -3.95 0.005 0.31 

Pair 4 CODNT and CODT  45 -2.97 0.000 0.29 

Pair 5 90NT and 90T   45 -5.40 0.000 0.39 

*Note: p<0.010 (Bonferroni correction). DJBNT indicates drop-jump bilateral non-taped; DJBT 

indicates drop-jump bilateral taped; DJRNT indicates drop-jump unilateral non-taped; DJRT 

indicates drop-jump unilateral taped; SLNT indicates straight-line bounding non-taped; SLT 

indicates straight-line bounding taped; CODNT indicates change-of-direction non-taped; CODT 

indicates change-of-direction bounding taped; 90NT indicates 90-degree cut non-taped; 90T 

indicates 90-degree cut non-taped. 

 

 

 

 

 

 

 

 

 

 

 

 

 



128 

 

Appendix 2: Plantarflexion Moment 

 

Table 2.1: Main effect and interaction for plantarflexion moment: omnibus repeated measures 

ANOVA* 

Outcome variable Main effect and 

Interaction 

F-Score, numerator/denominator, p-

value, and partial eta square 

Plantarflexion Angle Tape F (1,45) =5.804, p<0.020, ηp
2=0.114 

 Movement F (4,180) =430.27, p<0.000, ηp
2=0.905 

 Interaction F (4,180) =3.232, p<0.025, ηp
2=0.067 

 

 

Table 2.2: Mean peak right ankle plantarflexion moment, depicting the main effect of tape* 

                                                                                         Non-Taped Taped 

Anteroposterior Direction   

    Plantarflexion Moment (Nm/kg) † -2.18(±0.26) -2.15(±0.25) 

*Data presented as mean (SD). † Denotes a main effect of tape. 

 

Table 2.3: Mean peak right ankle plantarflexion moment, depicting the main effect of 

movement* 

 Drop-jump 

Bilateral 

Drop-jump 

Unilateral 

Straight-

line 

Bounding 

Change-of-

direction 

Bounding 

90 Cut 

Anteroposterior Direction      

   PF Moment (Nm/kg) † -1.10(±.0.22) -1.77(±0.25) -3.04(±0.43) -2.66(±0.37) -2.26(±0.38) 

*Data presented as mean (SD).  †Denotes a main effect of movement. PF indicates 

plantarflexion. 
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Table 2.4: Plantarflexion moment examining the main effect of movement: follow-up paired 

sample t-test* 

 Movement  DF t p-value Cohen’s D 

Pair 1 DJB and DJU   45 20.04 0.000 2.85 

Pair 2 DJB and SL   45 31.49 0.000 5.68 

Pair 3 DJB and COD    45 31.54 0.000 5.13 

Pair 4 DJB and 90_Cut  45 19.64 0.000 3.74 

Pair 5 DJU and SL   45 23.03 0.000 3.61 

Pair 6 DJU and COD   45 19.00 0.000 2.82 

Pair 7 DJU and 90_Cut  45 8.80 0.000 1.52 

Pair 8 SL and COD   45 -9.41 0.000 0.95 

Pair 9 SL and 90_Cut  45 -14.44 0.000 1.92 

Pair 10 COD and 90_Cut  45 -7.20 0.000 1.07 

*Note: p<0.005 (Bonferroni correction). DF indicates degrees of freedom; DJB indicates drop-

jump bilateral; DJU indicates drop-jump unilateral; SL indicates straight-line bounding; COD 

indicates change-of-direction-bounding; 90_cut indicates 90-degree cutting. 

 

Table 2.5: Plantarflexion moment examining the interaction between movement and tape: 

follow-up paired sample t-test* 

 Movement  DF t p-value Cohen’s D 

Pair 1 DJBNT and DJBT   45 -3.76 0.000 0.34 

Pair 2 DJRNT and DJRT   45 -2.92 0.006 0.30 

Pair 3 SLNT and SLT    45 1.37 0.177 0.09 

Pair 4 CODNT and CODT  45 -0.62 0.538 0.05 

Pair 5 90NT and 90T   45 0.31 0.757 0.03 

*Note: p<0.010 (Bonferroni correction). DJBNT indicates drop-jump bilateral non-taped; DJBT 

indicates drop-jump bilateral taped; DJRNT indicates drop-jump unilateral non-taped; DJRT 

indicates drop-jump unilateral taped; SLNT indicates straight-line bounding non-taped; SLT 

indicates straight-line bounding taped; CODNT indicates change-of-direction non-taped; CODT 

indicates change-of-direction bounding taped; 90NT indicates 90-degree cut non-taped; 90T 

indicates 90-degree cut non-taped. 
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Appendix 3: Inversion Angle 

 

Table 3.1: Main effect and interaction for inversion angle: omnibus repeated measures ANOVA* 

Outcome variable Main effect and 

Interaction 

F-Score, numerator/denominator, p-

value, and partial eta square 

Inversion Angle Tape F (1,45) =1.491, p<0.228, ηp
2=0.032 

 Movement F (4,180) =50.89, p<0.000, ηp
2=0.531 

 Interaction F (4,180) =4.262, p<0.007, ηp
2=0.087 

 

 

 

Table 3.2: Mean peak right ankle inversion angle, depicting the main effect of tape* 

                                                                                         Non-Taped Taped 

Mediolateral Direction   

    Inversion Angle (Deg) 13.37(±5.91) 13.76(±6.19) 

*Data presented as mean (SD). † Denotes a main effect of tape. 

 

Table 3.3: Mean peak right ankle inversion angle depicting the main effect of movement* 

 Drop-jump 

Bilateral 

Drop-jump 

Unilateral 

Straight-

line 

Bounding 

Change-of-

direction 

Bounding 

90 Cut 

Mediolateral Direction      

   Inv Angle (Deg) † 15.85(±6.24) 10.72(±6.71) 14.59(±5.77)   18.01(±6.29)   8.65(±8.54) 

*Data presented as mean (SD).  †Denotes a main effect of movement. Inv indicates inversion. 
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Table 3.4: Inversion angle examining the main effect of movement: follow-up paired sample t-

test* 

 Movement  DF t p-value Cohen’s D 

Pair 1 DJB and DJU   45 15.12 0.000 0.79 

Pair 2 DJB and SL   45 2.10 0.041 0.21 

Pair 3 DJB and COD    45 -3.58 0.001 0.34 

Pair 4 DJB and 90_Cut  45 6.77 0.000 0.96 

Pair 5 DJU and SL   45 -6.29 0.000 0.62 

Pair 6 DJU and COD   45 -11.57 0.000 1.12 

Pair 7 DJU and 90_Cut  45 1.90 0.064 0.27 

Pair 8 SL and COD   45 -7.03 0.000 0.57 

Pair 9 SL and 90_Cut  45 7.00 0.000 0.82 

Pair 10 COD and 90_Cut  45 10.24 0.000 1.25 

*Note: p<0.005 (Bonferroni correction). DF indicates degrees of freedom; DJB indicates drop-

jump bilateral; DJU indicates drop-jump unilateral; SL indicates straight-line bounding; COD 

indicates change-of-direction-bounding; 90_cut indicates 90-degree cutting. 

 

 

 

Table 3.5: Inversion angle examining the interaction between movement and tape: follow-up 

paired sample t-test* 

 Movement  DF t p-value Cohen’s D 

Pair 1 DJBNT and DJBT   45 0.55 0.583 0.04 

Pair 2 DJRNT and DJRT   45 -3.82 0.000 0.21 

Pair 3 SLNT and SLT    45 0.34 0.738 0.03 

Pair 4 CODNT and CODT  45 0.05 0.964 0.00 

Pair 5 90NT and 90T   45 -1.75 0.087 0.11 

*Note: p<0.010 (Bonferroni correction). DJBNT indicates drop-jump bilateral non-taped; DJBT 

indicates drop-jump bilateral taped; DJRNT indicates drop-jump unilateral non-taped; DJRT 

indicates drop-jump unilateral taped; SLNT indicates straight-line bounding non-taped; SLT 

indicates straight-line bounding taped; CODNT indicates change-of-direction non-taped; CODT 

indicates change-of-direction bounding taped; 90NT indicates 90-degree cut non-taped; 90T 

indicates 90-degree cut non-taped. 
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Appendix 4: Inversion Moment 

 

Table 4.1: Main effect and interaction for inversion moment: omnibus repeated measures 

ANOVA* 

Outcome variable Main effect and 

Interaction 

F-Score, numerator/denominator, p-

value, and partial eta square 

Inversion moment Tape F (1,45) =1.707, p<0.198, ηp
2=0.037 

 Movement F (4,180) =382.47, p<0.000, ηp
2=0.895 

 Interaction F (4,180) =2.590, p<0.059, ηp
2=0.054 

 

 

Table 4.2: Peak right ankle inversion moment, depicting the main effect of tape* 

                                                                                         Non-Taped Taped 

Mediolateral Direction   

    Inversion Moment (Nm/kg)   0.89(±0.24)   0.91(±0.26) 

*Data presented as mean (SD). † Denotes a main effect of tape. 

 

Table 4.3: Peak right ankle inversion moment, depicting the main effect of movement* 

 Drop-jump 

Bilateral 

Drop-jump 

Unilateral 

Straight-

line 

Bounding 

Change-of-

direction 

Bounding 

90 Cut 

Mediolateral Direction      

   Inv Moment (Nm/kg) †   0.27(±0.14)   0.78(±0.29)   1.62(±0.34)     0.63(±0.29)    1.18(±0.28) 

*Data presented as mean (SD).  †Denotes a main effect of movement. PF indicates 

plantarflexion; Inv indicates inversion. 

 

Table 4.4: Inversion moment examining the main effect of movement: follow-up paired 

sample t-test* 

 Movement  DF t p-value Cohen’s D 

Pair 1 DJB and DJU   45 -17.49 0.000 2.24 

Pair 2 DJB and SL   45 -33.45 0.000 5.12 

Pair 3 DJB and COD    45 -10.80 0.000 1.58 

Pair 4 DJB and 90_Cut  45 -25.15 0.000 4.11 

Pair 5 DJU and SL   45 -24.36 0.000 2.60 

Pair 6 DJU and COD   45 3.83 0.000 0.52 

Pair 7 DJU and 90_Cut  45 -8.99 0.000 1.40 

Pair 8 SL and COD   45 31.97 0.000 3.13 

Pair 9 SL and 90_Cut  45 9.76 0.000 1.41 

Pair 10 COD and 90_Cut  45 -13.53 0.000 1.93 

*Note: p<0.005 (Bonferroni correction). DF indicates degrees of freedom; DJB indicates drop-

jump bilateral; DJU indicates drop-jump unilateral; SL indicates straight-line bounding; COD 

indicates change-of-direction-bounding; 90_cut indicates 90-degree cutting. 
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Appendix 5: Knee Flexion Angle 

 

Table 5.1: Main effect and interaction for knee flexion angle: omnibus repeated measures 

ANOVA* 

Outcome variable Main effect and 

Interaction 

F-Score, numerator/denominator, p-

value, and partial eta square 

Knee flexion angle Tape F (1,45) =1.441, p<0.236, ηp
2=0.031 

 Movement F (4,180) =230.69, p<0.000, ηp
2=0.837 

 Interaction F (4,180) =0.530, p<0.658, ηp
2=0.012 

 

Table 5.2: Peak right knee flexion angle, depicting the main effect of tape* 

 Non-Taped Taped 

Anteroposterior Direction   

   Flexion Angle (Deg) -56.28(±6.19) -56.85(±6.84) 

*Data presented as mean (SD). †Denotes a main effect of tape. 

 

Table 5.3: Peak right knee flexion angle, depicting the main effect of movement* 

 Drop-jump 

Bilateral 

Drop-jump 

Unilateral 

Straight-

line 

Bounding 

Change-of-

direction 

Bounding 

90 Cut 

Anteroposterior Direction      

   Flexion Angle (Deg) † -81.66(±12.14) -60.00(±8.76) -44.51(±6.59) -46.92(±6.65) -49.73(±8.51) 

*Data presented as mean (SD). †Denotes a main effect of movement.  

 

Table 5.4: Knee flexion angle examining the main effect of movement: follow-up paired 

sample t-test* 

 Movement  DF t p-value Cohen’s D 

Pair 1 DJB and DJU   45 -16.78 0.000 2.05 

Pair 2 DJB and SL   45 -22.91 0.000 3.80 

Pair 3 DJB and COD    45 -20.41 0.000 3.55 

Pair 4 DJB and 90_Cut  45 -14.78 0.000 3.05 

Pair 5 DJU and SL   45 -14.42 0.000 2.00 

Pair 6 DJU and COD   45 -11.20 0.000 1.68 

Pair 7 DJU and 90_Cut  45 -6.13 0.000 1.19 

Pair 8 SL and COD   45 3.53 0.001 0.36 

Pair 9 SL and 90_Cut  45 4.47 0.000 0.69 

Pair 10 COD and 90_Cut  45 2.72 0.009 0.37 

*Note: p<0.005 (Bonferroni correction). DF indicates degrees of freedom; DJB indicates drop-

jump bilateral; DJU indicates drop-jump unilateral; SL indicates straight-line bounding; COD 

indicates change-of-direction-bounding; 90_cut indicates 90-degree cutting. 
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Appendix 6: Knee Extensor Moment 

 

Table 6.1: Main effect and interaction for knee extensor moment: omnibus repeated measures 

ANOVA* 

Outcome variable Main effect and 

Interaction 

F-Score, numerator/denominator, p-

value, and partial eta square 

Knee extensor moment Tape F (1,45) =0.479, p<0.492, ηp
2=0.011 

 Movement F (4,180) =150.84, p<0.000, ηp
2=0.770 

 Interaction F (4,180) =1.757, p<0.140, ηp
2=0.038 

 

Table 6.2: Peak right knee extensor moment, depicting the main effect of tape* 

 Non-Taped Taped 

Anteroposterior Direction   

   Extensor Moment (Nm/kg)    2.21(±0.34)    2.19(±0.32) 

*Data presented as mean (SD). †Denotes a main effect of tape. 

 

Table 6.3: Peak right knee extensor moment, depicting the main effect of movement* 

 Drop-jump 

Bilateral 

Drop-jump 

Unilateral 

Straight-

line 

Bounding 

Change-of-

direction 

Bounding 

90 Cut 

Anteroposterior Direction      

   Ext Moment (Nm/kg) † 2.35(±0.31)    3.20(±0.40)    2.04(±0.57)    1.83(±0.49)    1.58(±0.40) 

*Data presented as mean (SD). †Denotes a main effect of movement. Ext indicates knee 

extensor. 

 

Table 6.4: Knee extensor moment examining the main effect of movement: follow-up paired 

sample t-test* 

 Movement  DF t p-value Cohen’s D 

Pair 1 DJB and DJU   45 -17.30 0.000 2.38 

Pair 2 DJB and SL   45 3.86 0.000 0.68 

Pair 3 DJB and COD    45 7.24 0.000 1.27 

Pair 4 DJB and 90_Cut  45 10.86 0.000 2.15 

Pair 5 DJU and SL   45 15.39 0.000 2.36 

Pair 6 DJU and COD   45 19.32 0.000 3.06 

Pair 7 DJU and 90_Cut  45 23.61 0.000 4.05 

Pair 8 SL and COD   45 2.77 0.008 0.40 

Pair 9 SL and 90_Cut  45 5.93 0.000 0.93 

Pair 10 COD and 90_Cut  45 3.29 0.002 0.56 

*Note: p<0.005 (Bonferroni correction). DF indicates degrees of freedom; DJB indicates drop-

jump bilateral; DJU indicates drop-jump unilateral; SL indicates straight-line bounding; COD 

indicates change-of-direction-bounding; 90_cut indicates 90-degree cutting. 
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Appendix 7: Knee Abduction Angle 

 

Table 7.1: Main effect and interaction for knee abduction angle: omnibus repeated measures 

ANOVA* 

Outcome variable Main effect and 

Interaction 

F-Score, numerator/denominator, p-

value, and partial eta square 

Knee abduction angle Tape F (1,45) =2.365, p<0.131, ηp
2=0.050 

 Movement F (4,180) =22.02, p<0.000, ηp
2=0.329 

 Interaction F (4,180) =0.110, p<0.961, ηp
2=0.002 

 

Table 7.2: Peak right knee abduction angle, depicting the main effect of tape* 

 Non-Taped Taped 

Mediolateral Direction   

   Abduction Angle (Deg)   -1.34(±4.77)   -1.72(±4.68) 

*Data presented as mean (SD). †Denotes a main effect of tape. 

 

Table 7.3: Peak right knee abduction angle, depicting the main effect of movement* 

 Drop-jump 

Bilateral 

Drop-jump 

Unilateral 

Straight-

line 

Bounding 

Change-of-

direction 

Bounding 

90 Cut 

Mediolateral Direction      

   Abd Angle (Deg) † -3.42(±5.48)  -1.78(±5.33)   -1.07(±4.87)   -1.74(±4.97)    0.35(±0.60) 

*Data presented as mean (SD). †Denotes a main effect of movement. Abd indicates knee 

abduction. 

Table 7.4: Knee abduction angle examining the main effect of movement: follow-up paired 

sample t-test* 

 Movement  DF t p-value Cohen’s D 

Pair 1 DJB and DJU   45 -4.79 0.000 0.30 

Pair 2 DJB and SL   45 -5.17 0.000 0.45 

Pair 3 DJB and COD    45 -4.18 0.000 0.32 

Pair 4 DJB and 90_Cut  45 -6.84 0.000 0.78 

Pair 5 DJU and SL   45 -2.16 0.036 0.16 

Pair 6 DJU and COD   45 -0.11 0.915 0.01 

Pair 7 DJU and 90_Cut  45 -4.33 0.000 0.45 

Pair 8 SL and COD   45 2.60 0.013 0.14 

Pair 9 SL and 90_Cut  45 -3.68 0.001 0.32 

Pair 10 COD and 90_Cut  45 -4.85 0.000 0.46 

*Note: p<0.005 (Bonferroni correction). DF indicates degrees of freedom; DJB indicates drop-

jump bilateral; DJU indicates drop-jump unilateral; SL indicates straight-line bounding; COD 

indicates change-of-direction-bounding; 90_cut indicates 90-degree cutting. 

 

 

 



136 

 

Appendix 8: Knee Abduction Moment 

 

Table 8.1: Main effect and interaction for knee abduction moment: omnibus repeated measures 

ANOVA* 

Outcome variable Main effect and 

Interaction 

F-Score, numerator/denominator, p-

value, and partial eta square 

Knee abduction moment Tape F (1,45) =9.603, p<0.003, ηp
2=0.176 

 Movement F (4,180) =116.69, p<0.000, ηp
2=0.722 

 Interaction F (4,180) =0.180, p<0.905, ηp
2=0.004 

 

 

Table 8.2: Peak right knee abduction moment, depicting the main effect of tape* 

 Non-Taped Taped 

Mediolateral Direction   

   Abduction Moment (Nm/kg) †   -0.61(±0.24)   -0.57(±0.22) 

*Data presented as mean (SD). †Denotes a main effect of tape. 

 

Table 8.3: Peak right knee abduction moment, depicting the main effect of movement* 

 Drop-jump 

Bilateral 

Drop-jump 

Unilateral 

Straight-

line 

Bounding 

Change-of-

direction 

Bounding 

90 Cut 

Mediolateral Direction      

   Abd Moment (Nm/kg) † -0.19(±0.15)  -0.96(±0.36)   -0.25(±0.19)   -0.08(±0.35)   -0.74(±0.38) 

*Data presented as mean (SD). †Denotes a main effect of movement. Abd indicates knee 

abduction. 

 

Table 8.4: Knee abduction moment examining the main effect of movement: follow-up paired 

sample t-test* 

 Movement  DF t p-value Cohen’s D 

Pair 1 DJB and DJU   45 20.76 0.000 2.79 

Pair 2 DJB and SL   45 1.90 0.064 0.35 

Pair 3 DJB and COD    45 13.88 0.000 2.30 

Pair 4 DJB and 90_Cut  45 11.79 0.000 1.90 

Pair 5 DJU and SL   45 -15.72 0.000 2.47 

Pair 6 DJU and COD   45 -3.58 0.001 0.42 

Pair 7 DJU and 90_Cut  45 -4.06 0.000 0.59 

Pair 8 SL and COD   45 14.15 0.000 1.99 

Pair 9 SL and 90_Cut  45 9.36 0.000 1.63 

Pair 10 COD and 90_Cut  45 -1.09 0.281 0.19 

*Note: p<0.005 (Bonferroni correction). DF indicates degrees of freedom; DJB indicates drop-

jump bilateral; DJU indicates drop-jump unilateral; SL indicates straight-line bounding; COD 

indicates change-of-direction-bounding; 90_cut indicates 90-degree cutting. 

 



137 

 

Appendix 9: Knee Internal Rotation Moment 

 

Table 9.1: Main effect and interaction for Knee internal rotation moment: omnibus repeated 

measures ANOVA* 

Outcome variable Main effect and 

Interaction 

F-Score, numerator/denominator, p-

value, and partial eta square 

Knee internal rotation moment Tape F (1,45) =0.711, p<0.403, ηp
2=0.016 

 Movement F (4,180) =112.59, p<0.000, ηp
2=0.714 

 Interaction F (4,180) =0.626, p<0.559, ηp
2=0.014 

 

 

Table 9.2: Peak right knee kinetics and kinematics, depicting the main effect of tape* 

 Non-Taped Taped 

Transverse Direction   

   Internal Rotation Moment (Nm/kg)    0.39(±0.12)    0.38(±0.12) 

*Data presented as mean (SD). †Denotes a main effect of tape. 

 

Table 9.3: Peak right knee kinetics and kinematics, depicting the main effect of movement* 

 Drop-jump 

Bilateral 

Drop-jump 

Unilateral 

Straight-

line 

Bounding 

Change-of-

direction 

Bounding 

90 Cut 

Transverse Direction      

   Int. Rot Moment (Nm/kg) † 0.12(±0.09)   0.69(±0.19)    0.22(±0.11)    0.41(±0.18)    0.46(±0.24) 

*Data presented as mean (SD). †Denotes a main effect of movement. Int. Rot indicates knee 

internal rotation. 

 

Table 9.4: Knee internal rotation moment examining the main effect of movement: follow-up 

paired sample t-test* 

 Movement  DF t p-value Cohen’s D 

Pair 1 DJB and DJU   45 -24.48 0.000 3.83 

Pair 2 DJB and SL   45 -5.79 0.000 1.00 

Pair 3 DJB and COD    45 -12.02 0.000 2.04 

Pair 4 DJB and 90_Cut  45 -10.11 0.000 1.88 

Pair 5 DJU and SL   45 20.45 0.000 3.03 

Pair 6 DJU and COD   45 10.29 0.000 1.51 

Pair 7 DJU and 90_Cut  45 7.09 0.000 1.06 

Pair 8 SL and COD   45 -7.37 0.000 1.27 

Pair 9 SL and 90_Cut  45 -7.18 0.000 1.29 

Pair 10 COD and 90_Cut  45 -1.07 0.291 0.24 

*Note: p<0.005 (Bonferroni correction). DF indicates degrees of freedom; DJB indicates drop-

jump bilateral; DJU indicates drop-jump unilateral; SL indicates straight-line bounding; COD 

indicates change-of-direction-bounding; 90_cut indicates 90-degree cutting. 
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Appendix 10: Anteroposterior Margin of Stability Minimum 

 

Table 10.1: Main effect and interaction for AP MOS Minimum: omnibus repeated measures 

ANOVA* 

Outcome variable Main effect and 

Interaction 

F-Score, numerator/denominator, p-

value, and partial eta square 

MOS Minimum Tape F (1,45) =0.039, p<0.844, ηp
2=0.001 

 Movement F (4,180) =217.65, p<0.000, ηp
2=0.829 

 Interaction F (4,180) =0.217, p<0.795, ηp
2=0.005 

MOS indicates margin of stability; AP indicates anteroposterior. 

 

Table 10.2: Anteroposterior margin of stability minimum, depicting the main effect of tape* 

 Non-Taped Taped 

Anteroposterior Direction   

   MOS Minimum (m) -0.16(±0.09) -0.16(±0.08) 

*Data presented as mean (SD). †Denotes a main effect of tape. MOS indicate margin of stability. 

 

Table 10.3: Anteroposterior margin of stability minimum, depicting a main effect of 

movements* 

                          Drop-jump 

                         Bilateral 

Drop-jump 

Unilateral 

Straight-

line 

Bounding 

Change-of-

direction 

Bounding 

90 Cut 

Anteroposterior Direction 

    MOS Minimum (m) † 0.06(±0.05)  0.05(±0.04) -0.25(±0.12) -0.87(±0.13) 0.20(±0.39) 
 

*Data presented as mean (SD). †Denotes a main effect of movement. MOS indicates margin of 

stability. 

 

Table 10.4: AP MOS minimum examining the main effect of movement: follow-up paired 

sample t-test* 

 Movement  DF t p-value Cohen’s D 

Pair 1 DJB and DJU   45 2.94 0.005 0.22 

Pair 2 DJB and SL   45 15.47 0.000 3.37 

Pair 3 DJB and COD    45 45.90 0.000 9.44 

Pair 4 DJB and 90_Cut  45 -2.46 0.018 0.50 

Pair 5 DJU and SL   45 15.46 0.000 3.35 

Pair 6 DJU and COD   45 45.09 0.000 9.57 

Pair 7 DJU and 90_Cut  45 -2.72 0.009 0.54 

Pair 8 SL and COD   45 23.07 0.000 4.96 

Pair 9 SL and 90_Cut  45 -7.59 0.000 1.56 

Pair 10 COD and 90_Cut  45 -16.35 0.000 3.68 

*Note: p<0.005 (Bonferroni correction). DF indicates degrees of freedom; DJB indicates drop-

jump bilateral; DJU indicates drop-jump unilateral; SL indicates straight-line bounding; COD 

indicates change-of-direction-bounding; 90_cut indicates 90-degree cutting. 
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Appendix 11: Anteroposterior Margin of Stability at Heel Strike 

 

Table 11.1: Main effect and interaction for AP MOS at heel strike: omnibus repeated measures 

ANOVA* 

Outcome variable Main effect and 

Interaction 

F-Score, numerator/denominator, p-

value, and partial eta square 

MOS Minimum at heel strike Tape F (1,45) =0.813, p<0.372, ηp
2=0.018 

 Movement F (4,180) =880.40, p<0.000, ηp
2=0.951 

 Interaction F (4,180) =0.841, p<0.434, ηp
2=0.018 

MOS indicates margin of stability; AP indicates anteroposterior. 

Table 11.2: Margin of stability at heel strike, depicting the main effect of tape* 

 Non-Taped Taped 

Anteroposterior Direction   

   MOS at Heel Strike (m)  0.24(±0.09)   0.23(±0.81) 

*Data presented as mean (SD). †Denotes a main effect of tape. MOS indicate margin of stability. 

 

Table 11.3: Margin of stability at heel strike, depicting a main effect of movements* 

                          Drop-jump 

                         Bilateral 

Drop-jump 

Unilateral 

Straight-

line 

Bounding 

Change-of-

direction 

Bounding 

90 Cut 

Anteroposterior Direction 

    MOS at Heel Strike (m) † 0.19(±0.05)  0.23(±0.06) -0.23(±0.12) -0.78(±0.14) 1.75(±0.42) 
 

*Data presented as mean (SD). †Denotes a main effect of movement. MOS indicates margin of 

stability. 

 

Table 11.4: AP MOS at heel strike examining the main effect of movement: follow-up paired 

sample t-test*  

 Movement  DF t p-value Cohen’s D 

Pair 1 DJB and DJU   45 -5.92 0.000 0.72 

Pair 2 DJB and SL   45 19.17 0.000 4.57 

Pair 3 DJB and COD    45 43.38 0.000 9.23 

Pair 4 DJB and 90_Cut  45 -25.77 0.000 5.22 

Pair 5 DJU and SL   45 22.71 0.000 4.85 

Pair 6 DJU and COD   45 44.04 0.000 9.38 

Pair 7 DJU and 90_Cut  45 -24.51 0.000 5.07 

Pair 8 SL and COD   45 18.85 0.000 4.22 

Pair 9 SL and 90_Cut  45 -28.43 0.000 6.41 

Pair 10 COD and 90_Cut  45 -36.00 0.000 8.08 

*Note: p<0.005 (Bonferroni correction). DF indicates degrees of freedom; DJB indicates drop-

jump bilateral; DJU indicates drop-jump unilateral; SL indicates straight-line bounding; COD 

indicates change-of-direction-bounding; 90_cut indicates 90-degree cutting. 
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Appendix 12: Anteroposterior Time from Heel strike to Margin of Stability Minimum 

 

Table 12.1: Main effect and interaction for AP time from heel strike to minimum MOS: 

omnibus repeated measures ANOVA* 

Outcome variable Main effect and 

Interaction 

F-Score, numerator/denominator, p-

value, and partial eta square 

Heel strike to Min MOS Tape F (1,45) =5.512, p<0.023, ηp
2=0.109 

 Movement F (4,180) =75.33, p<0.000, ηp
2=0.626 

 Interaction F (4,180) =3.729, p<0.025, ηp
2=0.077 

MOS indicates margin of stability; AP indicates anteroposterior; min indicates minimum. 

Table 12.2: AP heel strike to min MOS, depicting the main effect of tape* 

 Non-Taped Taped 

Anteroposterior Direction   

   Heel Strike to Min MOS (s) †  0.27(±0.11)   0.25(±0.08) 

*Data presented as mean (SD). †Denotes a main effect of tape. MOS indicate margin of stability. 

 

Table 12.3: AP heel strike to min MOS, depicting a main effect of movements* 

                          Drop-

jump 

                         Bilateral 

Drop-

jump 

Unilateral 

Straight-

line 

Bounding 

Change-

of-

direction 

Bounding 

90 Cut 

Anteroposterior Direction 

    Heel Strike to Min MOS (s) † 0.43(±0.24)  0.49(±0.28)  0.02(±0.02)  0.11(±0.07) 0.26(±0.04) 
 

*Data presented as mean (SD). †Denotes a main effect of movement. MOS indicates margin of 

stability. 

 

Table 12.4: AP heel strike to min MOS examining the main effect of movement: follow-up 

paired sample t-test* 

 Movement  DF t p-value Cohen’s D 

Pair 1 DJB and DJU   45 -1.23 0.226 0.23 

Pair 2 DJB and SL   45 11.67 0.000 2.41 

Pair 3 DJB and COD    45 9.52 0.000 1.81 

Pair 4 DJB and 90_Cut  45 4.97 0.000 0.99 

Pair 5 DJU and SL   45 11.26 0.000 2.37 

Pair 6 DJU and COD   45 9.14 0.000 1.86 

Pair 7 DJU and 90_Cut  45 5.45 0.000 1.15 

Pair 8 SL and COD   45 -8.07 0.000 1.75 

Pair 9 SL and 90_Cut  45 -37.88 0.000 7.59 

Pair 10 COD and 90_Cut  45 -14.36 0.000 2.63 

*Note: p<0.005 (Bonferroni correction). DF indicates degrees of freedom; DJB indicates drop-

jump bilateral; DJU indicates drop-jump unilateral; SL indicates straight-line bounding; COD 

indicates change-of-direction-bounding; 90_cut indicates 90-degree cutting. 
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Table 12.5: AP heel strike to min MOS examining the interaction between movement and tape: 

follow-up paired sample t-test* 

 Movement  DF t p-value Cohen’s D 

Pair 1 DJBNT and DJBT   45 3.03 0.004 0.42 

Pair 2 DJRNT and DJRT   45 0.53 0.601 0.06 

Pair 3 SLNT and SLT    45 -0.68 0.503 0.09 

Pair 4 CODNT and CODT  45 0.79 0.433 0.11 

Pair 5 90NT and 90T   45 1.41 0.166 0.12 

*Note: p<0.010 (Bonferroni correction). DJBNT indicates drop-jump bilateral non-taped; DJBT 

indicates drop-jump bilateral taped; DJRNT indicates drop-jump unilateral non-taped; DJRT 

indicates drop-jump unilateral taped; SLNT indicates straight-line bounding non-taped; SLT 

indicates straight-line bounding taped; CODNT indicates change-of-direction non-taped; CODT 

indicates change-of-direction bounding taped; 90NT indicates 90-degree cut non-taped; 90T 

indicates 90-degree cut non-taped. 
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Appendix 13: Mediolateral Margin of Stability Minimum 

 

Table 13.1: Main effect and interaction for ML MOS minimum: omnibus repeated measures 

ANOVA* 

Outcome variable Main effect and 

Interaction 

F-Score, numerator/denominator, p-

value, and partial eta square 

ML MOS Minimum Tape F (1,45) =1.939, p<0.171, ηp
2=0.041 

 Movement F (4,180) =177.24, p<0.000, ηp
2=0.798 

 Interaction F (4,180) =0.533, p<0.611, ηp
2=0.012 

MOS indicates margin of stability; ML indicates mediolateral. 

 

Table 13.2: ML Margin of stability minimum, depicting the main effect of tape* 

 Non-Taped Taped 

Mediolateral Direction   

   MOS Minimum (m)  0.02(±0.04)   0.02(±0.03) 

*Data presented as mean (SD). †Denotes a main effect of tape. MOS indicate margin of stability. 

 

Table 13.3: Margin of stability minimum, depicting a main effect of movements* 

                          Drop-jump 

                         Bilateral 

Drop-jump 

Unilateral 

Straight-

line 

Bounding 

Change-of-

direction 

Bounding 

90 Cut 

Mediolateral Direction 

    MOS Minimum(m) † 0.17(±0.03) -0.00(±0.02) -0.09(±0.06) -0.17(±0.05) 0.19(±0.16) 
 

*Data presented as mean (SD). †Denotes a main effect of movement. MOS indicates margin of 

stability. 

 

Table 13.4: ML MOS minimum examining the main effect of movement: follow-up paired 

sample t-test*  

 Movement  DF t p-value Cohen’s D 

Pair 1 DJB and DJU   45 45.87 0.000 6.70 

Pair 2 DJB and SL   45 25.13 0.000 5.48 

Pair 3 DJB and COD    45 40.27 0.000 8.25 

Pair 4 DJB and 90_Cut  45 -0.76 0.453 0.17 

Pair 5 DJU and SL   45 9.47 0.000 1.99 

Pair 6 DJU and COD   45 22.85 0.000 4.44 

Pair 7 DJU and 90_Cut  45 -8.30 0.000 1.67 

Pair 8 SL and COD   45 6.50 0.000 1.45 

Pair 9 SL and 90_Cut  45 -10.99 0.000 2.32 

Pair 10 COD and 90_Cut  45 -13.56 0.000 3.04 

*Note: p<0.005 (Bonferroni correction). DF indicates degrees of freedom; DJB indicates drop-

jump bilateral; DJU indicates drop-jump unilateral; SL indicates straight-line bounding; COD 

indicates change-of-direction-bounding; 90_cut indicates 90-degree cutting. 



143 

 

Appendix 14: Mediolateral Margin of Stability at Heel Strike 

 

Table 14.1: Main effect and interaction for ML MOS at heel strike: omnibus repeated 

measures ANOVA* 

Outcome variable Main effect and 

Interaction 

F-Score, numerator/denominator, p-

value, and partial eta square 

MOS Minimum at heel strike Tape F (1,45) =0.597, p<0.444, ηp
2=0.013 

 Movement F (4,180) =328.96, p<0.000, ηp
2=0.880 

 Interaction F (4,180) =1.343, p<0.265, ηp
2=0.029 

MOS indicates margin of stability; ML indicates mediolateral. 

Table 14.2: ML margin of stability at heel strike, depicting the main effect of tape* 

 Non-Taped Taped 

Mediolateral Direction   

   MOS at Heel Strike (m)  0.06(±0.03)   0.06(±0.02) 

*Data presented as mean (SD). †Denotes a main effect of tape. MOS indicate margin of stability. 

 

Table 14.3: ML margin of stability, depicting a main effect of movements* 

                          Drop-jump 

                         Bilateral 

Drop-jump 

Unilateral 

Straight-

line 

Bounding 

Change-of-

direction 

Bounding 

90 Cut 

Mediolateral Direction 

    MOS at Heel Strike(m) † 0.20(±0.03)  0.03(±0.01) -0.03(±0.39) -0.16(±0.05) 0.25(±0.12) 
 

*Data presented as mean (SD). †Denotes a main effect of movement. MOS indicates margin of 

stability. 

 

Table 14.4: ML MOS at heel strike examining the main effect of movement: follow-up paired 

sample t-test* 

 Movement  DF t p-value Cohen’s D 

Pair 1 DJB and DJU   45 38.49 0.000 7.60 

Pair 2 DJB and SL   45 30.66 0.000 6.51 

Pair 3 DJB and COD    45 42.93 0.000 8.73 

Pair 4 DJB and 90_Cut  45 -2.94 0.005 0.57 

Pair 5 DJU and SL   45 11.37 0.000 2.06 

Pair 6 DJU and COD   45 24.87 0.000 5.27 

Pair 7 DJU and 90_Cut  45 -12.36 0.000 2.58 

Pair 8 SL and COD   45 13.30 0.000 2.87 

Pair 9 SL and 90_Cut  45 -14.30 0.000 3.13 

Pair 10 COD and 90_Cut  45 -20.04 0.000 4.46 

*Note: p<0.005 (Bonferroni correction). DF indicates degrees of freedom; DJB indicates drop-

jump bilateral; DJU indicates drop-jump unilateral; SL indicates straight-line bounding; COD 

indicates change-of-direction-bounding; 90_cut indicates 90-degree cutting. 
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Appendix 15: Mediolateral Time from Heel strike to Margin of Stability Minimum 

 

Table 15.1: Main effect and interaction for time from heel strike to minimum MOS: omnibus 

repeated measures ANOVA* 

Outcome variable Main effect and 

Interaction 

F-Score, numerator/denominator, p-

value, and partial eta square 

Heel strike to Min MOS Tape F (1,45) =0.254, p<0.617, ηp
2=0.006 

 Movement F (4,180) =25.45, p<0.000, ηp
2=0.361 

 Interaction F (4,180) =0.579, p<0.548, ηp
2=0.013 

MOS indicates margin of stability; ML indicates mediolateral; Min indicates minimum. 

Table 15.2: Margin of stability, depicting the main effect of tape* 

 Non-Taped Taped 

Mediolateral Direction   

   Heel Strike to Min MOS (s)  0.17(±0.08)   0.16(±0.06) 

*Data presented as mean (SD). †Denotes a main effect of tape. MOS indicate margin of stability. 

 

Table 15.3: Margin of stability, depicting a main effect of movements* 

                          Drop-jump 

                         Bilateral 

Drop-jump 

Unilateral 

Straight-

line 

Bounding 

Change-of-

direction 

Bounding 

90 Cut 

Mediolateral Direction 

    Heel Strike to Min MOS (s) † 0.24(±0.18)  0.27(±0.19)  0.16(±0.05)  0.04(±0.05) 0.13(±0.07) 
 

*Data presented as mean (SD). †Denotes a main effect of movement. MOS indicates margin of 

stability. 

Table 15.4: ML heel strike to min MOS examining the main effect of movement: follow-up 

paired sample t-test* 

 Movement  DF t p-value Cohen’s D 

Pair 1 DJB and DJU   45 -0.83 0.409 0.16 

Pair 2 DJB and SL   45 2.54 0.015 0.61 

Pair 3 DJB and COD    45 7.30 0.000 1.51 

Pair 4 DJB and 90_Cut  45 3.93 0.000 0.81 

Pair 5 DJU and SL   45 3.89 0.000 0.79 

Pair 6 DJU and COD   45 7.78 0.000 1.66 

Pair 7 DJU and 90_Cut  45 5.10 0.000 0.98 

Pair 8 SL and COD   45 12.06 0.000 2.40 

Pair 9 SL and 90_Cut  45 2.71 0.009 0.49 

Pair 10 COD and 90_Cut  45 -6.88 0.000 1.48 

*Note: p<0.005 (Bonferroni correction). DF indicates degrees of freedom; DJB indicates drop-

jump bilateral; DJU indicates drop-jump unilateral; SL indicates straight-line bounding; COD 

indicates change-of-direction-bounding; 90_cut indicates 90-degree cutting.  
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Appendix 16: Anteroposterior Root-Mean-Square of the Angle of Divergence: 

 

Table 16.1: Main effect and interaction for AP RMS AOD: omnibus repeated measures 

ANOVA* 

Outcome variable Main effect and 

Interaction 

F-Score, numerator/denominator, p-

value, and partial eta square 

AP RMS AOD Tape F (1,45) =0.800, p<0.376, ηp
2=0.017 

 Movement F (4,180) =90.60, p<0.000, ηp
2=0.668 

 Interaction F (4,180) =1.013, p<0.385, ηp
2=0.022 

AP indicates anteroposterior; RMS indicates root-mean-square; AOD indicates angle of 

divergence 

Table 16.2: Root-mean-square of the angle of divergence, depicting a main effect of tape* 

             Non-Taped Taped 

Anteroposterior Direction   

    Root-mean-square AOD 4.07(±0.58) 4.06(±0.58) 

*Data presented as mean (SD). † Denotes main effect of tape. AOD indicates angle of 

divergence. 

Table 16.3: Root-Mean-Square of the angle of divergence, depicting a main effect of movement* 

 Drop-jump 

Bilateral 

Drop-jump 

Unilateral 

Straight-

line 

Bounding 

Change-of-

direction 

Bounding 

90 Cut 

Anteroposterior Direction      

    RMS AOD† 1.26(±0.41) 2.35(±0.60) 4.92(±1.19) 6.30(±1.56) 5.49(±1.38) 

 

*Data presented as mean (SD). † Denotes main effect of movement. RMS indicates root-mean-

square; AOD indicates angle of divergence. 

 

Table 16.4: AP RMS AOD examining the main effect of movement: follow-up paired sample 

t-test* 

 Movement  DF t p-value Cohen’s D 

Pair 1 DJB and DJU   45 1.91 0.063 0.32 

Pair 2 DJB and SL   45 -12.71 0.000 2.70 

Pair 3 DJB and COD    45 -15.81 0.000 3.12 

Pair 4 DJB and 90_Cut  45 -9.98 0.000 2.09 

Pair 5 DJU and SL   45 -12.59 0.000 2.83 

Pair 6 DJU and COD   45 -15.02 0.000 3.92 

Pair 7 DJU and 90_Cut  45 -9.82 0.000 2.19 

Pair 8 SL and COD   45 -3.07 0.004 0.35 

Pair 9 SL and 90_Cut  45 0.362 0.719 0.06 

Pair 10 COD and 90_Cut  45 2.40 0.020 0.47 

*Note: p<0.005 (Bonferroni correction). DF indicates degrees of freedom; DJB indicates drop-

jump bilateral; DJU indicates drop-jump unilateral; SL indicates straight-line bounding; COD 

indicates change-of-direction-bounding; 90_cut indicates 90-degree cutting. 
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Appendix 17: Mediolateral Root-Mean-Square of the Angle of Divergence 

 

Table 17.1: Main effect and interaction for ML RMS AOD: omnibus repeated measures 

ANOVA* 

Outcome variable Main effect and 

Interaction 

F-Score, numerator/denominator, p-

value, and partial eta square 

ML RMS AOD Tape F (1,45) =0.004, p<0.950, ηp
2=0.000 

 Movement F (4,180) =176.01, p<0.000, ηp
2=0.796 

 Interaction F (4,180) =1.573, p<0.195, ηp
2=0.034 

ML indicates mediolateral; RMS indicates root-mean-square; AOD indicates angle of 

divergence. 

Table 17.2: Root-mean-square of the angle of divergence, depicting a main effect of tape* 

             Non-Taped Taped 

Mediolateral Direction   

    Root-mean-square AOD 6.10(±0.94) 6.01(±0.85) 

*Data presented as mean (SD). † Denotes main effect of tape. AOD indicates angle of 

divergence. 

Table 17.3: Root-Mean-Square of the angle of divergence, depicting a main effect of movement* 

 Drop-jump 

Bilateral 

Drop-jump 

Unilateral 

Straight-

line 

Bounding 

Change-of-

direction 

Bounding 

90 Cut 

Mediolateral Direction      

    RMS AOD† 3.70(±0.54) 3.53(±0.53) 7.44(±1.88) 8.32(±2.02) 7.28(±2.36) 

*Data presented as mean (SD). † Denotes main effect of movement. RMS indicates root-mean-

square; AOD indicates angle of divergence. 

 

Table 17.4: ML RMS of the AOD examining the main effect of movement: follow-up paired 

sample t-test*  

 Movement  DF t p-value Cohen’s D 

Pair 1 DJB and DJU   45 -12.01 0.000 2.12 

Pair 2 DJB and SL   45 -20.77 0.000 4.10 

Pair 3 DJB and COD    45 -19.90 0.000 4.42 

Pair 4 DJB and 90_Cut  45 -19.67 0.000 4.16 

Pair 5 DJU and SL   45 -12.38 0.000 2.72 

Pair 6 DJU and COD   45 -14.59 0.000 3.34 

Pair 7 DJU and 90_Cut  45 -13.50 0.000 2.95 

Pair 8 SL and COD   45 -5.59 0.000 1.00 

Pair 9 SL and 90_Cut  45 -2.33 0.024 0.45 

Pair 10 COD and 90_Cut  45 2.78 0.008 0.55 

*Note: p<0.005 (Bonferroni correction). DF indicates degrees of freedom; DJB indicates drop-

jump bilateral; DJU indicates drop-jump unilateral; SL indicates straight-line bounding; COD 

indicates change-of-direction-bounding; 90_cut indicates 90-degree cutting. 
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Secondary Analyses  

Appendix 18: Anteroposterior Centre of Mass Velocity: 

 

Table 18.1: Main effect and interaction for AP COMvel: omnibus repeated measures ANOVA* 

Outcome variable Main effect and 

Interaction 

F-Score, numerator/denominator, p-

value, and partial eta square 

AP COMvel Tape F (1,45) =0.162, p<0.689, ηp
2=0.162 

 Movement F (4,180) =2211.6, p<0.000, ηp
2=0.980 

 Interaction F (4,180) =0.505, p<0.659, ηp
2=0.011 

AP indicates anteroposterior; COMvel indicates centre of mass velocity. 

 

 

Table 18.2: Main effect and interaction for AP COMvel: omnibus repeated measures ANOVA* 

 Non-Taped Taped 

AP COMvel (m/s)   1.66(±0.16)  1.65(±0.17) 

*Data presented as mean (SD). † Denotes a main effect of tape. 

Table 18.3: AP COMvel, depicting a main effect of movement* 

 Drop-jump 

Bilateral 

Drop-jump 

Unilateral 

Straight-line 

Bounding 

Change-of-

direction 

Bounding 

90 Cut 

AP COMvel (m/s) † 0.081(±0.02)  0.110(±0.02) 2.97(±0.37)  1.66(±0.26) 3.45(±0.36) 

*Data presented as mean (SD). † Denotes a main effect of movement. 

 

Table 18.4: AP COMvel examining the main effect of movement: follow-up paired sample t-

test*  

 Movement  DF t p-value Cohen’s D 

Pair 1 DJB and DJU   45 -7.518 0.000 1.27 

Pair 2 DJB and SL   45 -59.59 0.000 12.14 

Pair 3 DJB and COD    45 -41.95 0.000 8.70 

Pair 4 DJB and 90_Cut  45 -63.72 0.000 13.14 

Pair 5 DJU and SL   45 -58.51 0.000 11.97 

Pair 6 DJU and COD   45 -41.77 0.000 8.53 

Pair 7 DJU and 90_Cut  45 -63.04 0.000 13.02 

Pair 8 SL and COD   45 21.02 0.000 2.53 

Pair 9 SL and 90_Cut  45 -26.25 0.000 3.65 

Pair 10 COD and 90_Cut  45 -33.01 0.000 5.74 

*Note: p<0.005 (Bonferroni correction). DF indicates degrees of freedom; DJB indicates drop-

jump bilateral; DJU indicates drop-jump unilateral; SL indicates straight-line bounding; COD 

indicates change-of-direction-bounding; 90_cut indicates 90-degree cutting. 
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Appendix 19: Mediolateral Centre of Mass Velocity 

 

Table 19.1: Main effect and interaction for ML COMvel: omnibus repeated measures 

ANOVA* 

Outcome variable Main effect and 

Interaction 

F-Score, numerator/denominator, p-

value, and partial eta square 

ML COMvel Tape F (1,45) =1.713, p<0.197, ηp
2=0.037 

 Movement F (4,180) =416.67, p<0.000, ηp
2=0.903 

 Interaction F (4,180) =0.508, p<0.558, ηp
2=0.011 

ML indicates anteroposterior; COMvel indicates centre of mass velocity. 

 

Table 19.2: ML COMvel, depicting a main effect of tape* 

 Non-Taped Taped 

ML COMvel (m/s) -0.10(±0.09) -0.09(±0.08) 

*Data presented as mean (SD). † Denotes a main effect of tape. 

Table 18.2: Centre of mass velocities, depicting a main effect of movement* 

 Drop-jump 

Bilateral 

Drop-jump 

Unilateral 

Straight-line 

Bounding 

Change-of-

direction 

Bounding 

90 Cut 

ML COMvel (m/s) †  0.001(±0.01) -0.002(±0.01) -0.019(±0.11)  0.555(0.13) -1.04(±0.38) 

*Data presented as mean (SD). † Denotes a main effect of movement. 

 

 

Table 19.3: ML COMvel examining the main effect of movement: follow-up paired sample t-

test*  

 Movement  DF t p-value Cohen’s D 

Pair 1 DJB and DJU   45 1.44 0.156 0.28 

Pair 2 DJB and SL   45 -1.07 0.290 0.23 

Pair 3 DJB and COD    45 -28.80 0.000 6.02 

Pair 4 DJB and 90_Cut  45 18.54 0.000 3.85 

Pair 5 DJU and SL   45 -1.29 0.205 0.27 

Pair 6 DJU and COD   45 -29.46 0.000 6.05 

Pair 7 DJU and 90_Cut  45 18.37 0.000 3.84 

Pair 8 SL and COD   45 -20.37 0.000 4.48 

Pair 9 SL and 90_Cut  45 17.64 0.000 3.77 

Pair 10 COD and 90_Cut  45 24.50 0.000 5.59 

*Note: p<0.005 (Bonferroni correction). DF indicates degrees of freedom; DJB indicates drop-

jump bilateral; DJU indicates drop-jump unilateral; SL indicates straight-line bounding; COD 

indicates change-of-direction-bounding; 90_cut indicates 90-degree cutting. 
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Appendix 20: Vertical Centre of Mass Velocity 

 

Table 20.1: Main effect and interaction for vertical COMvel: omnibus repeated measures 

ANOVA* 

Outcome variable Main effect and 

Interaction 

F-Score, numerator/denominator, p-

value, and partial eta square 

Vertical COMvel Tape F (1,45) =0.94, p<0.338, ηp
2=0.020 

 Movement F (4,180) =272.19, p<0.000, ηp
2=0.858 

 Interaction F (4,180) =2.613, p<0.188, ηp
2=0.035 

COMvel indicates centre of mass velocity. 

 

Table 20.2: Main effect and interaction for vertical COMvel: omnibus repeated measures 

ANOVA* 

 Non-Taped Taped 

Vertical COMvel (m/s)  0.05(±0.05)  0.06(±0.05) 

*Data presented as mean (SD). † Denotes a main effect of tape. 

Table 20.3: Centre of mass velocities, depicting a main effect of movement* 

 Drop-jump 

Bilateral 

Drop-jump 

Unilateral 

Straight-line 

Bounding 

Change-of-

direction 

Bounding 

90 Cut 

Vertical COMvel (m/s) † -0.109(±0.08) -0.144(±0.05)  0.143(±0.06)  0.116(±0.08)  0.267(±0.12) 

*Data presented as mean (SD). † Denotes a main effect of movement. 

Table 20.4: Vertical COMvel examining the main effect of movement: follow-up paired sample 

t-test*  

 Movement  DF t p-value Cohen’s D 

Pair 1 DJB and DJU   45 3.87 0.000 0.54 

Pair 2 DJB and SL   45 -19.04 0.000 3.76 

Pair 3 DJB and COD    45 -14.72 0.000 2.96 

Pair 4 DJB and 90_Cut  45 -17.68 0.000 3.83 

Pair 5 DJU and SL   45 -26.79 0.000 5.41 

Pair 6 DJU and COD   45 -20.65 0.000 4.07 

Pair 7 DJU and 90_Cut  45 -22.01 0.000 4.62 

Pair 8 SL and COD   45 2.27 0.028 0.42 

Pair 9 SL and 90_Cut  45 -7.16 0.000 1.35 

Pair 10 COD and 90_Cut  45 -9.63 0.000 1.55 

*Note: p<0.005 (Bonferroni correction). DF indicates degrees of freedom; DJB indicates drop-

jump bilateral; DJU indicates drop-jump unilateral; SL indicates straight-line bounding; COD 

indicates change-of-direction-bounding; 90_cut indicates 90-degree cutting.  
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Appendix 21: Active Range of Motion for Ankle Dorsiflexion 

 

Table 21.1: Main effect and interaction for AROM for ankle dorsiflexion: omnibus repeated 

measures ANOVA* 

Outcome variable Main effect and 

Interaction 

F-Score, numerator/denominator, p-

value, and partial eta square 

AROM Dorsiflexion Tape F (1,45) =24.12, p<0.000, ηp
2=0.349 

 Time F (1,45) =0.079, p<0.780, ηp
2=0.002 

 Interaction F (1,45) =5.11, p<0.029, ηp
2=0.102 

AROM indicates active range of motion. 

Table 21.2: Active range of motion for ankle dorsiflexion depicting main effect of time 

(pre/post) and tape* 

 Non-Taped Taped 

Pre Post Pre Post 

Anteroposterior Direction     

   Dorsiflexion (Deg) †   -4.81(±7.79)   -5.68(±7.90)   -9.69(± 6.23)   -9.02(± 7.17) 

* Data presented as mean (SD). † Denotes main effect of tape. ‡ Denotes a main effect of time 

(pre/post) 

 

Table 22.3: Active range of motion for dorsiflexion examining the main effect of movement: 

follow-up paired sample t-test*  

 Movement  DF t p-value Cohen’s D 

Pair 1 NT_PRE and NT_POST  45 1.83 0.075 0.11 

Pair 2 NT_PRE and T_PRE  45 5.35 0.000 0.69 

Pair 3 NT_POST and T_POST  45 3.74 0.001 0.44 

Pair 4 T_PRE and T_POST  45 -1.33 0.192 0.10 

*Note: p<0.013 (Bonferroni correction). NT_PRE indicates non-taped PRE; NT_POST indicates 

non-taped POST; T_PRE indicates taped PRE; T_POST indicates taped POST. 
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Appendix 22: Active Range of Motion for Ankle Plantarflexion 

 

 

Table 22.1: Main effect and interaction for AROM for ankle plantarflexion: omnibus repeated 

measures ANOVA* 

Outcome variable Main effect and 

Interaction 

F-Score, numerator/denominator, p-

value, and partial eta square 

AROM plantarflexion Tape F (1,45) =213.10, p<0.000, ηp
2=0.826 

 Time F (1,45) =17.61, p<0.000, ηp
2=0.281 

 Interaction F (1,45) =30.26, p<0.000, ηp
2=0.402 

AROM indicates active range of motion. 

 

Table 22.2: Active range of motion for ankle plantarflexion depicting main effect of time 

(pre/post) and tape* 

 Non-Taped Taped 

Pre Post Pre Post 

Anteroposterior Direction     

   Plantarflexion (Deg)†‡ -80.40(±8.24) -79.74(±7.79) -62.14(± 9.23) -67.45(± 8.36) 

* Data presented as mean (SD). † Denotes main effect of tape. ‡ Denotes a main effect of time 

(pre/post) 

 

 

Table 22.3: Active range of motion for plantarflexion examining the main effect of movement: 

follow-up paired sample t-test*  

 Movement  DF t p-value Cohen’s D 

Pair 1 NT_PRE and NT_POST  45 1.445 0.155 0.08 

Pair 2 NT_PRE and T_PRE  45 -13.68 0.000 2.09 

Pair 3 NT_POST and T_POST  45 -12.89 0.000 1.46 

Pair 4 T_PRE and T_POST  45 -5.323 0.000 0.60 

*Note: p<0.013 (Bonferroni correction). NT_PRE indicates non-taped PRE; NT_POST indicates 

non-taped POST; T_PRE indicates taped PRE; T_POST indicates taped POST. 
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Appendix 23: Active Range of Motion for Ankle Inversion 

 

Table 23.1: Main effect and interaction for AROM for ankle inversion: omnibus repeated 

measures ANOVA* 

Outcome variable Main effect and 

Interaction 

F-Score, numerator/denominator, p-

value, and partial eta square 

AROM Inversion Tape F (1,45) =1390.35, p<0.000, ηp
2=0.556 

 Time F (1,45) =1.69, p<0.200, ηp
2=0.036 

 Interaction F (1,45) =0.112, p<0.739, ηp
2=0.002 

AROM indicates active range of motion. 

 

Table 23.2: Active range of motion for ankle inversion depicting main effect of time (pre/post) 

and tape* 

 Non-Taped Taped 

Pre Post Pre Post 

Mediolateral Direction     

   Inversion (Deg) †  26.63(±8.39)  27.12(±8.25) 20.96(±7.64)  21.79(± 7.77) 

* Data presented as mean (SD). † Denotes main effect of tape. ‡ Denotes a main effect of time 

(pre/post) 
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Appendix 24: Active Range of Motion for Ankle Eversion 

 

Table 24.1: Main effect and interaction for AROM for ankle eversion: omnibus repeated 

measures ANOVA* 

Outcome variable Main effect and 

Interaction 

F-Score, numerator/denominator, p-

value, and partial eta square 

AROM Eversion Tape F (1,45) =0.000, p<0.983, ηp
2=0.000 

 Time F (1,45) =33.16, p<0.000, ηp
2=0.424 

 Interaction F (1,45) =1.87, p<0.178, ηp
2=0.040 

AROM indicates active range of motion. 

 

Table 24.2: Active range of motion for ankle eversion depicting main effect of time (pre/post) 

and tape* 

 Non-Taped Taped 

Pre Post Pre Post 

Mediolateral Direction     

   Eversion (Deg) †  -0.12(±7.41)    0.48(±7.53)    4.15(± 7.91)    3.53(± 8.41) 

* Data presented as mean (SD). † Denotes main effect of tape. ‡ Denotes a main effect of time 

(pre/post) 
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Appendix 25: Waterloo Footedness Questionnaire (revised). 

 


