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Abstract 

 

Dynamic balance is a key component required to be successful in many sports yet the 

importance of dynamic balance in elite level sports has not been identified. The aim of 

this programme of doctoral study was to determine whether sport specific measures of 

dynamic balance could differentiate for skill level in footballers. 

 

Initially a literature review was performed to identify any gaps in the literature and to 

inform the research. A scoping review was then performed to provide an in-depth 

investigation into the understanding of the term dynamic balance and associated terms.  

More encompassing definitions of dynamic balance, postural control and postural 

stability were developed as well as a taxonomy to classify movements and existing 

balance tests. Following this, an investigation into important movements in football was 

conducted and those movements identified as important were classified using the 

taxonomy and aligned with existing dynamic balance tests to provide specificity. Finally, 

sport-specific measures of dynamic balance, along with a common balance measure 

used in football, were investigated to identify whether they had the ability to 

differentiate for skill level in footballers. 

 

Definitions of dynamic balance and related terms demonstrated disparity, overlap and 

they fail to cover the full range of dynamic balance situations. There are numerous 

dynamic balance tests available, they lack specificity, and test selection is difficult due 

to the complex and multi-factorial nature of balance. The taxonomy provided an 

approach for differentiating dynamic balance components, comprehensive profile of 

existing dynamic balance tests and a tool to identify strengths and limitations of existing 

tests and identify sport specific tests. Important movements in football were identified 

as shielding the ball, a shoulder barge whilst running, jostling to win the ball and 

shielding the ball whilst jostling, accelerating and braking, and a single leg kick or 

standing volley. Investigations identified that no existing dynamic balance tests aligned 

with the important movements in football. The external forces test shows promise at 

being a measure that can differentiate for skill level in football. Time to stabilisation was 

lowest for elite players (1.33 s) followed by recreational players (1.91). A large effect size 

was observed between elite and recreational players (g = -1.3) and recreational and non-
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football players (g = 0.82). There was a small effect size between elite and non-football 

players (g = -0.43). The mSEBT, kicking task and deceleration task were not considered 

a good measure of performance nor are they able to differentiate for skill level in 

football. 

 

This programme of research identifies that previous research has not identified the 

components of balance that should be tested for in football, and previous research has 

not made use of sport specific tests to assess dynamic balance in football. It is 

recommended that future research in this field refers to the newly proposed definitions. 

Additionally, further work should investigate other outcome measures of dynamic 

balance and whether they provide a better indication of dynamic postural control 

strategies. Finally, future directions could focus on whether participant variability exists 

at different skill levels. 
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Chapter 1 Introduction 

 

1.1 Introduction 

This thesis outlines a research programme investigating football specific dynamic 

balance measures. Within this programme of research, the different studies firstly focus 

on bringing dynamic balance and associated terms into concordance. Then using a newly 

developed tool to classify movements and identify sport specific tests studies, 

determine whether sport specific measures of dynamic balance can differentiate for skill 

level in footballers. This chapter firstly provides the motivation for the work, it further 

identifies the aims and objectives of the research and, finally, presents the thesis 

structure. 

 

 

1.2 Motivation for the research 

Association football is widely acknowledged to be the world's most popular single sport 

(Ritzer, 2012). An estimation by The Fédération Internationale de Football Association 

(FIFA) is that there are over 240 million active players in 204 countries with 1% 

participation at professional level (Stamm & Lamprecht, 2001). In the UK, it is the most 

popular sport to watch and participate in with more than two million people playing at 

least twice per month (Lange, 2020). Due to the popularity of the sport, studies 

investigating the fundamental skills required to play are numerous.  The capacity of a 

player to perform actions which can have a major influence on match performance 

include sprinting, jumping, kicking and changing direction (Stolen et al., 2005). Over time 

the game has become progressively more athletic requiring varied forceful and explosive 

actions which are crucial in many game situations (Manolopoulos et al., 2016; Ramírez-

Campillo et al., 2015). Performance on the pitch of elements such as passes, aerial duels, 

dribbling, feigns, receiving the ball from a player of the same team, interception of the 

opposition pass, and shots on goal demonstrate extremely high technical abilities. The 

performance of these actions is often at high speed and include opposition pressure, 

ball path flight changes and surface instability (Gerbino et al., 2007). There is 

considerable interest in the literature of these actions and constraints being better 
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performed in the presence of well-developed body control, balance and in particular 

dynamic balance of players. 

 

Dynamic balance is a key component required to be successful in many sports. The use 

of the term is widespread, however there is not an accepted definition (Pollock et al., 

2000). It generally refers to an ability to maintain balance in the presence of varying 

challenges to posture. The production and use of a universally acceptable definition is 

essential to accurately report dynamic balance research. A definition that encompasses 

all the different components of dynamic balance will enable further research in terms 

of the importance of dynamic balance in sport, dynamic balance ability and training of 

dynamic balance.  

 

Existing tests of dynamic balance in football are static in nature, have predictable 

environments and inadequately represent postural control demands in football specific 

situations involving complex and dynamically changing environments. They provide a 

single performance measure and do not provide detail pertaining to the control of the 

movement or the strategy involved in achieving, maintaining, or regaining balance. As it 

is purported that higher level athletes have better dynamic balance ability than lower 

level athletes and non-athletes (Hrysomallis, 2011), it is of interest to determine what 

these strategies are and how they differ in the most skilled athletes in comparison to 

lower level athletes. Differences in dynamic balance at different skill levels and across 

sports has been suggested to be due to training effects and movements that are specific 

to the sport population of interest (Hrysomallis, 2011). Additionally, dynamic balance 

has been related to injury risk and those with poor balance tend to suffer more injuries 

(Hrysomallis, 2007; McGuine & Keene, 2006). To the author’s knowledge a 

comprehensive tool does not exist to support the identification of important 

movements for success in sport nor a method to determine suitable and sport-specific 

tests for assessing dynamic balance. Such a method would identify the important 

components of dynamic balance for a given population and provide a tool to obtain a 

detailed and comprehensive profile of all existing dynamic balance tests. Additionally, it 

would provide a tool whereby strengths and limitations of existing tests could be 

determined, aiding in the specificity of balance tests for the population of interest.  
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1.2 Aims and Objectives 

The aim of this research was to provide an encompassing definition of dynamic balance 

and determine the extent to which dynamic balance differentiates skill level in football. 

 

The objectives of this programme of research are as follows: 

 

1.  To provide a critical review of literature in dynamic balance, establishing 

current knowledge and identifying gaps that require further research. 

 

2.  To understand and provide an encompassing definition of dynamic 

balance and associated terms. 

 

3.  To identify the important dimensions of dynamic balance in football and 

to identify sport specific measures of dynamic balance in football. 

 

4. To investigate the extent to which dynamic balance ability differentiates 

between skill levels in football and whether differences exist between 

limbs. 

 

 

1.4 Thesis Structure 

The chapters of this programme of research will be structured as follows: 

 

Chapter two provides a critical review of the literature. It introduces balance and 

outlines the difficulties around current definitions, measurement techniques, balance 

research in sport, balance ability in sport and taxonomies used to classify balance. 

 

Chapter three discusses the results of a scoping review of dynamic balance and 

associated terms. 

 

Chapter four extends existing definitions to provide more encompassing definitions of 

dynamic balance and associated terms. Followed by the development of a new 
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taxonomy that provides a tool to identify components of balance within human 

movement and a method to appraise and identify sport specific measures of dynamic 

balance. 

 

Chapter five presents the identification of movements considered important for success 

of the game in football and identifies their alignment with exiting dynamic balance 

measures to provide specificity. This chapter concludes with a summary of the findings 

and identification of the most suitable measurement method for subsequent 

investigations. 

 

Chapter six develops new sport specific measures of dynamic balance and uses these to 

investigate their ability to differentiate for skill level in football. A further focus is on a 

popular method of assessing dynamic balance in football and its ability to differentiate 

for skill level by providing detail of technique. Finally, differences in dynamic balance 

between limbs at different skill levels is presented. 

 

Chapter seven presents an overview of this programme of research and final 

conclusions. The limitations and implications of this programme of research will be 

discussed and recommendations will be given for further research.  
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Chapter 2 - Literature Review 

 

2.1 Introduction 

The aim of this doctoral programme of study was to provide an encompassing definition 

of dynamic balance and determine the extent to which dynamic balance testing can 

differentiate for skill level in football players. To achieve this, the first objective was to 

understand and provide a comprehensive definition of dynamic balance. This chapter 

reviews the relevant literature in four sections.  

 

1. An evaluation of general balance research is presented including an introduction 

to static and dynamic balance, and identification of difficulties arising from terms 

used synonymously and the concept of dynamic balance being multi-

component.  

2. Identification and evaluation of measurement techniques in dynamic balance 

research. 

3. An evaluation of balance research in sport covering balance ability in athletes, 

balance ability at different competition levels, dynamic balance in football and 

dynamic balance components. 

4. An evaluation of taxonomies used to classify item content of dynamic balance 

tests. 

 

The chapter summary reviews the findings of the literature review and identifies the 

need for further research. 

 

 

2.2 Balance 

2.2.1 Human balance 

Balance is a critical component of successful human activity across the lifespan: vital to 

the performance of activities of daily living and therefore essential for functional 

competence (Ragnarsdottir, 1996). It affects functional mobility and safety in the 

elderly, the development of postural control, and motor skills in children (Assaiante et 

al., 2005; Hatzitaki et al., 2002; Shumway-Cook & Woollacott, 1985). Balance is also vital 
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to the performance of fundamental motor skills such as hopping, skipping, jumping, 

throwing, striking, and kicking and therefore essential for the performance of activities 

relating to sport.   

 

The term ‘balance’ has no universally accepted definition (Berg, 1989; Ekdahl et al.,  

1989). As a mechanical term it can be defined using Newton’s First Law as the state of 

an object when the resultant load actions acting on it are zero (Hall, 1999).  Human 

balance is considered a multidimensional concept, referring to the ability of a person 

not to fall (Berg, 1989; Winter, 1995b). It has been defined as maintaining steadiness on 

a fixed, firm, unmoving base of support (Riemann et al., 1999), as well as the ability to 

maintain equilibrium by positioning our centre of gravity (COG) over our base of support 

(Browne & O’Hare, 2001). Balance has additionally been categorised as static or dynamic 

and is often used alongside terms such as postural control and postural stability. 

 

Static balance is generally understood as balance when not moving and is measured in 

a static condition i.e., stance however, this can be deemed imprecise as it does not take 

into account normal postural sway, considered part of standing balance (Ekdahl et al., 

1989). Definitions for postural control and postural stability vary and will be explored in 

more detail later in the thesis.  

 

A key piece of literature about the definitions of balance is that of Pollock and co-

workers (Pollock et al., 2000) which argued that although the term balance was widely 

used and understood intuitively, there was no universally accepted definition. They 

suggested a clear definition was essential to clinical practice and, consequently, 

published a widely cited paper entitled “What is balance?” (Pollock et al., 2000) in which 

several definitions of key balance terms were provided. For ease of reference, their key 

definitions are listed in Table 2.1. 

 

  

 

 

 

 



 

18 
 

Table 2.1 Definitions of balance terms from Pollock et al. (2000) 

Term Definition 

Balance The state of an object when the resultant force acting upon it 

is zero. 

Human balance A multidimensional concept, referring to the ability of a 

person not to fall. 

Stability 

  

The inherent ability of an object to remain in or return to a 

specific state of balance 

and not to fall. The inherent ability referring to the physical 

properties of that object 

Human stability The inherent ability of a person to maintain, achieve or 

restore a specific state of balance and not to fall. The inherent 

ability referring to the motor and sensory systems and to the 

physical properties of the person. 

Postural control The act of maintaining, achieving or restoring a state of 

balance during any posture or activity. 

 

 

Although the attempt to standardise the usage of balance-related terms is laudable, the 

definitions listed in Table 1 are limited in so far as they refer to a relatively narrow range 

of balance activities: those in which the body or support surface is not accelerating, and 

where the goal is merely not to fall.  Many real-world balance activities require the body 

to accelerate, and thus require unbalanced forces. Such activities include those involving 

voluntary accelerations (such as sports or dancing), or involuntary accelerations such as 

travelling inside vehicles. More complex balance goals may involve maintenance of 

specific postures (such as standing on one leg) or progressing through a series of 

postures as in walking, dancing or tai-chi movement sequences. Perturbations to 

balance may occur from externally applied or removed forces, or from internal forces 

and torques generated by rapid limb movements.  These types of activity have been 
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termed ‘dynamic balance’; a term used as early as 1939 by Bass (1939) who defined it 

as: 

 

 “The type of balance concerned in keeping one’s equilibrium while in motion, or 
while changing from one balanced position to another. Dynamic balance then 
pertains to the equilibrium evidenced through a series of changing positions taken 
successively”. 

  

 

2.2.2 Dynamic balance 

Literature evidence indicates a wide variety of definitions in use for the term dynamic 

balance which infer: the movement must conclude as a static state (Distefano et al., 

2009) or the support surface (Shultz et al., 2000), and the centre of mass (CoM) must 

remain within the base of support (BoS) (Guskiewicz & Perrin, 1996). As identified in 

Section 2.2.1, dynamic balance can involve more complex demands on balance. As such, 

these definitions do not account for instances where the CoM is within the BoS and the 

velocity is directed outward, or where the CoM is outside of the BoS and the velocity is 

directed towards it (Hof et al., 2005), which is often the case in sport related 

movements; a sprint start or a football kick, for example. Additionally, the CoM lies 

outside the BoS for 80 % of the gait cycle during walking (Winter, 1995a). Even as early 

as 1989 it was considered that the term dynamic balance covers a “broad spectrum of 

situations”, and therefore is too broad a term (Berg, 1989, pp241). Yet, these limited 

definitions are still in use and the term dynamic balance is used synonymously with the 

terms dynamic postural control and dynamic postural stability. This presents problems 

relating to disparity between terms, identifying appropriate tests and providing a 

coherent research base on the topic of dynamic balance. 

 

 

2.2.3 Synonymous terms 

The definitions in use are inconsistent. For example, dynamic postural control has been 

defined as maintaining a stable base of support or centre of mass (CoM) during a 

movement (Winter et al., 1990), the ability to control body position to maintain whole 

body stability and orientation (Falk et al., 2014), and performing a functional task 

without compromising any part of the supporting leg (Wikstrom et al., 2004). Dynamic 
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stability has been defined as the ability to maintain balance while transitioning from a 

dynamic movement to a static state over the base of support (Goldie et al., 1989; Gribble 

& Robinson, 2009; Wikstrom et al., 2005). Despite identification for the need of more 

encompassing definitions that account for the different scenarios of dynamic balance, 

current research fails to adopt previously proposed terms and to maintain or even 

provide consistent definitions of balance terms, in particular dynamic balance.  

 

Within the literature, there are papers using the terms dynamic balance, stability and 

control without defining them, making it difficult to identify whether these terms are 

considered by different authors to mean the same thing or refer to different concepts. 

By stating a definition or using a specific test, authors have clarified their use of the 

concept; however, the literature is still lacking a generally accepted definition that 

encompasses all scenarios.  

 

The lack of accepted definitions, synonymous use of terms and inability to identify what 

concept a paper refers to emphasises the need to explore the literature in depth to 

identify a root definition for each of the terms, to investigate the extent to which these 

terms are related and to gain an understanding of how this affects research around 

balance. A scoping review is presented in Chapter 3 which addresses these problems, 

identifying how these terms have been used in the literature and providing more 

encompassing definitions. 

 

 

2.2.4 Dynamic balance components 

There is opinion that balance is not a single construct but is made up of multi-

components influenced by the task, the individual and the environment (Horak et al., 

2009). This is based on Newell’s model of constraints (Figure 1) which have been 

classified into three distinct categories: organismic, environment and task (Newell et al., 

1989). Organismic constraints are those that refer to characteristics of a person such as 

genes, height, weight, muscle-fat ratio, cognitions, motivation and emotion. 

Environment constraints refer to global, physical variables in nature, such as ambient 

light, temperature, or altitude. Task constraint is more specific to performance such as 
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task goal, specific rules associated with an activity, activity-related implement or tools 

and surfaces (Davids et al., 2008; 2013).  

 

 

Figure 2.1 Newell's model of constraints, identifying the sources of constraints: the 
environment, the organism and the task. Recreated from (Newell et al., 1989) 
 

 

Horak (Horak et al., 2009) developed a clinical test battery, the BESTest, to target six 

different balance control systems so that specific rehabilitation approaches could be 

designed for different balance deficits. The BESTest showed that participants with 

balance deficiencies in one category do not necessarily show deficits in other categories. 

This suggests that the tests measured specific sensorimotor skills rather than a general 

ability. Balance training research has also shown task specific training effects (Donath et 

al., 2017; Ogaya et al., 2011; Yaggie & Campbell, 2006). There were strong 

improvements in the trained balance task but minimal or no transfer to non-trained 

balance tasks.  

 

These studies did not use participants with a sporting background so it is unknown 

whether this population would show improvements. Ringhof & Stein (2018) investigated 

whether dynamic balance tests (i) measure the same construct and (ii) can differentiate 
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between artistic gymnasts and swimmers competing at regional level. Their results 

identified that there were no significant associations between a single leg jump landing, 

Posturomed1 perturbation, simulated fall and single leg stance. Additionally, only single 

leg jump landing was able to differentiate between the two groups. They concluded that 

each of the dynamic balance tests measured task specific skills and not the same 

construct. Furthermore, they suggest that environmental, temporal and subject-specific 

constraints influence task specific skills of balance. Therefore, there are multiple internal 

and external conditions that are associated with a participant’s experiences which will 

trigger the task-specific motor commands to achieve the desired effect (Ringhof & Stein, 

2018). Davlin (2004) and Kioumourtzoglou et al. (1997) have found that gymnasts have 

outperformed other high-level athletes in similar tasks however, methodological 

differences may account for these differences. The differences in performance identified 

in the work of Ringhof & Stein (2018) is contradictory to the view that balance is a 

general ability.  Their work strengthens the view that dynamic balance measures are not 

interchangeable and highlights the importance of selecting appropriate balance tests. 

 

 

2.3 Measurement techniques 

Numerous techniques have been employed to assess balance both statically and 

dynamically using functional tests and laboratory-based measures. The choice of 

balance measurement can depend on factors such as the population and/or the purpose 

of the measurement i.e., rehabilitation, injury risk, falls risk. 

 

 

2.3.1 Functional tests 

Dynamic balance has most commonly been assessed through functional tests, which 

traditionally have some subjective elements, for example in the Berg Balance Scale, 

a score is reported. Table 2.2 provides brief details of commonly used functional tests in 

the literature.   

 
 
 

                                                      
1 The Posturomed is a platform suspended on an oscillation frame enabling the application of 
perturbations through variably adjusted oscillation amplitudes and oscillation. 
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Table 2.2 Commonly used functional balance tests in dynamic balance literature 

Balance 
test 

Reference Method of assessment Use 

Timed up 
and go  
 
 
 
Functional 
Reach Test 

(Mathias et 
al., 1986) 
 
 
 
(Duncan et 
al., 1990) 

Uses the time that a person 
takes to rise from a chair, walk 
three meters, turn around, 
walk back to the chair, and sit 
down 
 
Measures the maximal 
distance one can reach 
forward beyond arm's length 
while maintaining feet planted 
in a standing position 

Developed to predict 
falls, mostly used in 
older adult populations  
 
 
Developed to predict 
fall risk, mostly used in 
older adult and stroke 
populations  

Berg 
Balance 
Scale  

(Berg et al., 
1995) 

Determines the ability (or 
inability) to safely balance 
during a series of 
predetermined tasks (sitting, 
standing and postural 
transitions) using subjective 
scoring 

Used in elderly and 
stroke populations  

Star 
Excursion 
Balance 
Test  
 
 
 
Single leg 
stance 

(Kinzey & 
Armstrong, 
1998) 
 
 
 
 
(Fregly & 
Graybiel, 
1968)  

Measures single leg stance 
maximal reach distance in 
multiple directions 
 
 
 
 
 
Uses the time that one can 
stand unaided in single leg 
stance 

Used to assess physical 
performance, screen 
balance deficits, 
identify injury risk, and 
as a rehabilitation tool 
in sports populations 
 
Used in a range of 
populations 

 
 
 
2.2.1.1 The Timed Up and Go Test (TUG) 

The TUG is a short and simple test that can be performed easily in clinical settings with 

the capability of predicting falls risk in the elderly (Shumway-Cook & Woollacott, 2000; 

Whitney et al., 2004). The test involves linking mobility skills involved in activities of daily 

living, sit to stand and turning, which require a control of balance and gait. The outcome 

measure of time taken to perform the test does not provide any details on balance 

strategies and it is not possible to identify and separate out how balance differs between 
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the different components of the test. 3D kinematic analysis of the TUG performed by 

stroke patients and healthy subjects has shown that balance related parameters explain 

performance of the turn sub-task but not the gait sub-task (Bonnyaud et al., 2016).  

 

 

2.2.1.2 The Functional Reach Test (FRT) 

The FRT evaluates the limits of stability whilst in stance. As a subjective tool measuring 

reach distance of the arm, the test represents how far the participant can move their 

centre of mass (CoM) over their base of support (BoS) and has been shown to predict 

falls risk (Behrman et al., 2002). Although described as a test representing the 

movement of the centre of mass, traditionally there is no data collected that quantifies 

the CoM movement. Without any information pertaining to the movement of the centre 

of mass such as that of the CoM within the BoS and the minimum distance of the CoM 

from the edge of the BoS at any point in the movement, the test does not provide rich 

descriptions of the movement. Without this information, it is also impossible to identify 

strategies employed by participants in maintaining or restoring balance and how this 

differs between participants and populations. Laboratory measures incorporating three 

dimensional (3D) whole body kinematics and kinetics have been used to explore the 

correlation of CoM displacement with functional reach distance. It has been shown that 

functional reach is a weak measure of the stability limits as there is a low correlation (r 

= 0.38) between reach distance and displacement of centre of pressure (CoP) and a 

moderate correlation (r = 0.68) between forward rotation of the trunk and reach 

distance (Jonsson et al., 2002). Further, movement during the functional reach was 

observed to involve a large flexion of the trunk with small dorsiflexion at the ankle, 

which constrains the forward displacement of the CoP (Jonsson et al., 2002).  

 

 

2.2.1.3 Berg Balance Scale (BBS) 

The BBS is another test that has predominantly been used in older populations. This test 

has a subjective element to it. The scoring involves the administrator of the test to 

subjectively provide a number on a five-point ordinal scale, ranging from 0-4. Where “0” 

indicates the lowest level of function and “4” the highest level of function.  The test does 

not provide any details on the balance strategies used within components of this test. 



 

25 
 

Kinematic and kinetic analysis of the BBS has identified that the dynamic stability margin 

does not correlate with the BBS score (van Meulen et al., 2016). Further to this, 

Vistamehr et al. (2016) found that laboratory-based measures of dynamic balance such 

as margin of stability only correlated with BBS in the paretic foot of stroke patients.  

 

 

2.2.1.4 Star Excursion Balance Test (SEBT) 

Traditionally the SEBT has been performed in single leg stance whilst reaching the other 

limb in eight predetermined directions. Its outcome measure is reach distance. It was 

found that reach distance was significantly influenced by leg length and so the accepted 

outcome variable is now normalised to leg length (Gribble & Hertel, 2003). As the SEBT 

does not involve any movement of the support limb, it could be considered as a static 

test of balance with a challenging element being movement of the non-supporting limb. 

The CoM always stays within the base of support when the test is performed successfully 

because the supporting limb remains static, and the reaching limb must not apply force 

to the ground. If the CoM were to move beyond the BoS, the participant would need to 

make an adjustment, such as putting their non-stance leg down to maintain balance, 

rendering it an unsuccessful trial. There is a possibility that one’s centre of mass could 

move outside the BoS due to loading of the reaching limb, without it being an 

unsuccessful trial, which presents a difficulty of the test. Instructions for performing the 

SEBT include: make a reach with your other leg as far as possible and make a light tap 

on the measuring tape. Without pushing off the ground with your reaching leg, return it 

back to the centre of the testing grid (Gribble et al., 2013). The interpretation of “light 

tap” is likely to differ amongst participants and allows the participant to be supported 

by the floor for that moment. Without quantitative measurement of the light tap, it is 

difficult to quantify and control how much pressure is allowed through the foot. There 

is the additional difficulty of not being able to observe any shifting of weight to the 

reaching leg especially when focusing on reading the reach distance on the measuring 

tape. Therefore, it is difficult to determine how much of the light tap has contributed to 

the maintenance of balance.  Additional difficulty related to the reliability of the results 

is the measurement error associated with reading the scale on the measuring tape to 

determine the reach distance. The interrater reliability of the SEBT is high with intraclass 

correlation coefficients (1,1) ranging from 0.86 to 0.92 (Gribble et al., 2013). However, 
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this is due to raters having been provided with expert training. Often instructional 

documents and expert training are not provided (Gribble et al., 2013). It is not known 

how the reliability of the SEBT is affected when delivered by an inexperienced rater 

(Gribble et al., 2013). The SEBT involves flexion of the knee, and eccentric control of the 

knee extensors of the support leg. Previous studies have found relationships between 

greater eccentric strength of knee extensors and reach distance  (Booysen et al., 2015; 

Lockie et al., 2013) and a significant relationship between knee flexion angles and reach 

distance (Robinson & Gribble, 2008), reduced eccentric strength and control of the knee 

extensors and a reduced ability to flex the knee due to over-activation would attenuate 

dynamic balance performance. Finally, the test should be carried out with four practice 

trials and three test trials, with eight directions that is 112 excursions, which can prove 

time consuming (Coughlan et al., 2012).  

 

More recently, laboratory measures using 3D kinematics and/or kinetics have been used 

to provide insight into the movement patterns associated with the reach distances of 

the SEBT. This provides a more objective measure of the reach distance, increasing 

accuracy and avoiding experimenter dependence (Doherty et al., 2015; Doherty et al., 

2016; Keith et al., 2016; Pionnier et al., 2016). The measurement error associated with 

the reach distance has been attenuated by determining reach distance from markers on 

the heel and toe of contralateral limbs, providing a more objective measure of reach 

distance (Pionnier et al., 2016). However, there is only one study to date that has 

employed this method and there has been no study that has investigated the reliability 

of this method. CoP variables have been used to identify how the body exploits its 

supporting environment in maintaining balance and specifically the complexity of the 

path of the CoP using fractal dimension (Doherty et al., 2015; 2016). Findings have 

identified that impaired performance in the SEBT results from changes in temporal and 

kinematic measures as well as reduced ability to effectively use the available base of 

support. This provides the ability to identify differences in movement patterns missing 

from the SEBT in its traditional approach. Nevertheless, the small number of studies 

using a laboratory-based approach and the different methodologies present difficulties 

when comparing results. 
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Although the analysis of the SEBT has been modified from a functional measure with 

summary values in its traditional form to one with the ability to identify differences in 

movement patterns and the ability to detect small changes, the test still involves the use 

of a static base of support. As such, it may be considered pseudo-static. Additionally, it 

is not representative of most movements that occur during sporting activities. As most 

of the literature for the SEBT focuses on injured populations, namely ankle injuries, there 

is a lack of evidence that identifies different balance strategies of non-injured 

populations and whether control strategies differ in athletes of different skill levels. 

 

 

2.2.1.5 Single leg stance 

The oldest reported test of balance is single leg stance (Fregly & Graybiel, 1968; Fregly 

et al., 1973). Often conducted with eyes closed to add difficulty for those without a 

balance disorder, it uses the time the participant remains in balance before having to 

make a postural adjustment, for example putting the non-stance leg to the ground, as 

an outcome measure with specified criteria to stop the test. It has been justified as a 

method of assessing balance in football because it replicates the unipedal posture used 

for sport specific technical movements such as passing and shooting (Paillard & Noe, 

2006). However, within sport a single leg stance is never an isolated movement and is 

always preceded and most often followed by additional movement. 

 

Using the amount of time a participant remains in balance as an outcome measure for 

single leg stance provides no quality of information relating to balance strategy. Second 

to this, when using single leg stance to evaluate change in performance it is important 

to note that Goldberg et al., (2011) found that this test is unlikely to be sensitive to 

change in performance in geriatric clinical settings and research studies.  

 

Within the literature there is evidence of tests involving double and single leg stance 

with an additional challenge of an unstable surface that have been referred to as 

dynamic balance tests (Hrysomallis, 2007). Examples of unstable surfaces include the 

use of foam balance mats (Carolyn et al., 2005), and wobble and tilt boards (Hrysomallis, 

2007). These methods provide destabilising challenges from the surface interaction by 

increasing the degrees of freedom of movement, decreasing the size of the base of 
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support and reducing somatosensory information. However, these tests still involve a 

static base of support in the sense that the stance leg is in contact with the same surface 

throughout the test and the participant’s centre of mass remains within the base of 

support unless there is a loss of balance. As such, these tests should be classified as static 

balance tests with challenging conditions. Additionally, the traditional use of time on 

balance within these tests as an outcome measure does not provide rich and meaningful 

information on balance strategies employed.  

 

The aforementioned tests are useful as screening tools (Browne & O’Hare, 2001) 

however, as there are no rich descriptions of the movements providing details of any 

strategies employed by participants in maintaining or regaining balance, they cannot be 

used to quantify balance ability. Without valid kinematic and or kinetic measures, any 

small changes in a person’s ability to balance or differences between populations would 

be difficult to detect. The lack of correlation between traditional scoring and laboratory-

based measurements of the tests also calls into question the use and interpretation of 

these tests. It may be that some tests and sub-components of tests measure different 

constructs of dynamic balance, which will be discussed later in this chapter. It is also 

evident that many of these tests have been developed for older populations and 

determining risks associated with strokes and falls (Table 2.2). To the author’s 

knowledge these tests, except for single leg stance and SEBT have not been used in 

sports populations. It is unknown whether these tests can differentiate between balance 

ability in populations other than those they have been used for. Additionally, their ability 

to differentiate between skill level of athletes would need to be investigated. 

 

 

2.3.2 Laboratory based assessments 

There are a range of laboratory-based methods available for assessing dynamic balance. 

Force plates and 3D motion capture are often used in balance assessment. Systems 

where results can be accessed quickly exist such as NeuroCom SMART Equitest system, 

Chattecx Balance System, Neurocom Pro and Smart Balance Master, and Biodex Stability 

System (Guskiewicz & Perrin, 1996). These systems can measure balance dynamically by 

altering the stance of the participant or provide rotational and translatory capabilities 
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to provide the option of an unstable support surface. They can also monitor CoP and 

ground reaction force (GRF) for those that have force plates built in.  

 

 

2.2.2.1 Force plates and 3D motion capture 

Force plates have been used in balance research where postural sway has been an 

external criterion of balance. Measurements of the excursions of CoP can be recorded 

from force plates (Berg, 1989). CoP represents the centre of distribution of the total 

force applied to the supporting surface, and it varies according to both the movement 

of the centre of gravity and the distribution of the muscle forces required to control or 

produce the movement. Kinematics collected using 3D motion capture can provide 

information regarding the strategies of the motor system, and the motion of the limbs 

and trunk in maintaining or regaining balance, that cannot be determined from a score 

or time on balance. Although, in the tests discussed above, trunk and limb movements 

can be inspected visually, they are subjective interpretations. The use of 3D motion 

capture provides rich objective information that can be reviewed if necessary, to provide 

quantitative analysis. As detailed above, the SEBT has been assessed using 3D motion 

capture and force plates. This method of measurement allows a more detailed 

description of the movement to be analysed. Information is provided on strategies 

relating to the movement of the CoP and CoM in maintaining and regaining balance. 

Information is also provided relating to techniques employed by participants and can be 

related to their reach distance during the task, which provides more information than 

reach distance alone. Difficulties with the use of 3D motion capture and force plates are 

that they are relatively expensive, and their use is often confined to a laboratory. They 

also require calibration and post processing techniques before any valuable information 

can be extracted. 

 

 

2.2.2.2 Clinical measurement tools 

There are a variety of clinical tools known as dynamic posturography systems which 

objectively quantify balance using external perturbations, and/or visual conditions 

(Bloem et al., 2009). These devices include: The Neurocom SMART Equitest, the Chattecx 

Balance System, the Neurocom Pro & Smart Balance Master which record a participant’s 
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response to the external stimulus (Guskiewicz & Perrin, 1996). The Sensory Organisation 

test is a popular test for which the Neurocom SMART Equitest is used as a measuring 

tool, and can evaluate sensory contributions to balance control (Mancini & Horak, 2010). 

The Biodex Balance System is different in that it is a dynamic multiaxial tilting platform 

that measures the participant’s ability to control the platform's angle of tilt, testing 

internal control mechanisms as opposed to reactions to perturbations. Tilt is quantified 

as a variance from centre, as well as degrees of deflection over time, at various stability 

levels.  A large variance indicates poor muscle response (Guskiewicz & Perrin, 1996).  

 

These systems provide data relating to the forward-backward sway and are considered 

a gold standard in measuring motor and sensory contributions to balance control. 

(Bloem et al., 2009). They are predominantly used in populations with falls risk or 

vestibular disorders (Guskiewicz & Perrin, 1996). However, the Pro and Smart Balance 

Master systems are most useful for assessing and rehabilitating orthopaedic injuries 

(Guskiewicz & Perrin, 1996). An important limitation to their use is that they are costly, 

in the region of 70,000 USD. Additionally, training is required to use them, testing is time 

consuming and the equipment requires space (Mancini & Horak, 2010). They require the 

participant to be in a stance phase and so only test visual perception and destabilising 

challenges that involve a deviation of the reference surface such as an imposed 

acceleration of the support surface or an inclination of the support surface. Therefore, 

are limited in their capability to provide information during dynamic activities for 

example gait and postural transitions.  

 

Two previous literature reviews (Hrysomallis et al., 2006; Sell, 2012) have identified that 

when choosing a dynamic balance test, it is more favourable to use those with the ability 

to detect small changes in ability. Additionally, they identify that static balance 

performance is not reflective of dynamic balance performance. Further to this, Pollock 

identified that there are different components of balance and that selection of clinical 

balance tests should be related to the component of balance to be tested. In addition, 

factors with the potential to influence balance such as age, gender, leg dominance, 

height, weight, foot size, footwear, previous injury, sport participation level, sport 

participation specificity, visual feedback, learning effects and fatigue should be 

considered when assessing dynamic balance (Emery, 2003). There is evidence that 
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activity levels and specificity are important considerations as well as a need for assessing 

dynamic balance, which are discussed later. When assessing a person’s balance ability 

and identifying how this relates to skill level in a specific sport it may be more 

appropriate to use dynamic measures of balance that are specific to the movements 

performed by that individual. Additionally, many clinical balance tools which have been 

developed for use in the elderly and neurologically impaired populations are not 

appropriate for use in a healthy active population as they are not challenging enough, 

or they are predominantly static balance measures. 

 

 

2.4 Balance in sport 

Balance has been widely acknowledged as a key component for success in sport 

(Booysen et al., 2015; Chew-Bullock et al., 2012; Hrysomallis, 2011; Hrysomallis, 2007; 

Vuillerme & Nougier, 2004). Research in the field of balance and sport ranges from injury 

prevention/treatment2, balance training3, performance level assessments and skill 

profiling4, association with skill level5, intervention studies6  and in the assessment of 

sport-related concussion (Catena et al., 2011).  

 

Static balance is essential in sports such as shooting and archery (Ball et al., 2013; 

Mononen et al., 2007; Sattlecker et al., 2014). The important role of dynamic balance is 

apparent in the performance of freestyle sports such as snowboarding, skateboarding 

and windsurfing (Klos et al., 2019; Mkaouer et al., 2017; Staniszewski, 2019). In activities 

such as karate-kata, tai-chi, yoga, ballet or gymnastics, the goal is to control balance in 

sports specific positions, which can vary in difficulty depending on specialisation. In 

                                                      
2 Butler et al., 2013; Crockett & Sandrey, 2015; Dallinga et al., 2016; De Lima et al., 2015; Delahunt et al., 
2013; Gorman et al., 2012, 
3 Akbari et al., 2016; Al-Khlaifat et al., 2016; Anoop et al., 2010 
4 Amiri-Khorasani, 2015; Ates, 2017; Balint & Spulber, 2017; Bhat & Moiz, 2013; Booysen et al., 2015; 
Bressel et al., 2007a; Butler et al., 2013; Butler et al., 2012; Chtara et al., 2018; Chtara et al., 2016; 
Davlin, 2004; Emirzeoğlu & Ülger, 2020; Fotios et al., 2013; Gkrilias et al., 2018; Guillou et al., 2007; 
Jadczak et al., 2019; Khuman et al., 2014; Matsuda et al., 2008; Onofrei et al., 2019; RouIssuei et al., 
2018 
5 Butler et al., 2012; Davlin, 2004; Jadczak et al., 2019; Noe & Paillard, 2005;  Paillard & Noe, 2006; Pau 
et al., 2015, 2019; Teixeira et al., 2011 
6 Akinci et al., 2019; Asadi & Arazi, 2012; Daneshjoo et al., 2012; Dunsky et al., 2017; Emery & 
MeeuwIssuee, 2010; Filipa, Byrnes, Paterno, Myer, & Hewett, 2010; Greig & Walker-Johnson, 2007; Jlid 
et al., 2019; Kunugi et al., 2020; Navarro-Santana et al., 2020; Paul et al., 2019) 
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sports where the support surface may be challenging or changing such as climbing, 

mountaineering, figure-skating and ice-hockey, the control of the centre of mass is 

important so as not to fall. Balance requirements in sports that require a seated pose 

such as rowing, canoeing, equestrian and cycling will be different to those requiring 

whole body movements. Movements that involve rotational exercises such as diving, 

dance and gymnastics will require a regulation of the centre of mass. Sports that involve 

combat and the application of force from an opponent such as fencing, boxing, karate, 

Tae-kwon-do, judo, wrestling, football and rugby will require different ways of 

controlling the centre of mass and dynamic balance (Zemkova, 2011). Despite this 

indication that there are different dynamic balance requirements in different sports, the 

following section identifies that static balance tests are still used to assess dynamic 

balance, and tests used lack the specificity required for the individual requirements of 

different sports. 

 

 

2.4.1 Sports related balance measurement 

Within balance research in sport, tests that are most commonly used include unipedal 

or bipedal stance using a stabilometer with the capacity to provide an unstable support 

surface (Davlin, 2004; Kioumourtzoglou et al., 1997), the SEBT and the Y-balance Test 

(YBT) (Bressel et al., 2007a; Butler et al., 2012). Tests involving single and unipedal stance 

in athlete populations are the same as those discussed earlier. They involve a 

stabilometer and use outcome variables such as time on balance and CoP measures. The 

difficulties associated with these tests are the same as those discussed earlier. 

 

The two tests that are most common within the literature in sport are: the SEBT and the 

Y-balance Test (YBT) (Bressel et al., 2007; Butler et al., 2012). The SEBT has been 

described earlier. The YBT is a modified version of the SEBT using commercially available 

apparatus, designed to improve repeatability and standardize test procedures (Plisky et 

al., 2009). Like the SEBT, the YBT involves single leg stance whilst reaching the 

contralateral limb in the anterior, post-lateral (PL) and post-medial (PM) directions along 

a moveable slider. The tests are very similar in nature; however, the associated 

neuromuscular demands of each test are different. It has been shown that reach 

distances and kinematic profiles in healthy populations differ between the two tests 
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which suggests the values should not be used interchangeably between the tests 

(Coughlan et al., 2012; Fullam et al., 2014). A difficulty with the YBT is that whilst the 

foot is pushing the slider forward it restricts the variability of the movement of the 

reaching leg in attaining the maximum distance possible for an individual because the 

foot must remain in contact with the slider for the entirety of the forward reach. An 

additional problem of the YBT is that it is considered as a dynamic balance measuring 

tool, yet like the SEBT, the stance leg remains stationary, and the CoM remains within 

the BoS, so should be considered a challenging static balance test. In addition to the 

popularity of these tests within the literature, anecdotal evidence suggests that these 

tests are most often used in football within the medical department when assessing 

dynamic balance of players. The justification of the use of these tests being specific to 

football is that the movement involved is indicative of those used within the game for 

example the single leg stance involved in kicking a ball. However, kicking a ball is always 

preceded and followed by other movements and so is never an isolated single leg stance 

event that occurs at a speed as slow as when performing the SEBT or YBT. Effectively the 

tests are evaluating the ability of the athletes to balance during a slow steady state 

movement as opposed to the quick movements and reactions required in the sport.  The 

evaluation of dynamic balance ability in this static condition may not be challenging 

enough to elicit balance deficiencies in athletes (Emery, 2003).  

 

Using the SEBT and YBT methods of assessing dynamic balance do not provide an 

accurate representation of control mechanisms required to maintain or regain dynamic 

balance and they are not sport specific. Measurement tools such as a stabilometer 

provide information regarding control mechanisms; however, they should be classed as 

a static balance test with a challenging condition. Dynamic balance tests where the 

supporting limb(s) is not fixed in position may be more specific to sport and situations 

that arise in the field. The previously discussed tests only test one component of 

balance, the ability to maintain balance in single leg stance whilst performing a 

destabilising movement. Dynamic balance testing in sport should involve testing all 

components specific to that sport and thus it is likely that a single dynamic balance 

assessment technique will not be appropriate. Instead, a battery of tests to assess 

different components as well as provide specificity to the sport relating to the 

participant will be required. 
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2.4.2 Balance ability in athletes of different sports 

Previous research has found that athletes generally have superior static and dynamic 

balance ability when compared with control subjects (Davlin, 2004; Kioumourtzoglou et 

al., 1997; Perrin et al.,  2002; Teixiera et al., 2011; Thorpe & Ebersole, 2008) and athletes 

of other sports (Bhat & Moiz, 2013; Bressel et al., 2007; Davlin, 2004; Gerbino et al., 

2007; Perrin et al., 2002). Additionally, higher level athletes show better balance 

performance than lower-level athletes (Butler et al., 2012; Jadczak et al., 2019; Paillard 

& Noe, 2006; Paillard et al., 2006). Dynamic balance has been tested in these 

populations using stabilometry (Davlin, 2004; Kioumourtzoglou et al., 1997), the SEBT 

(Bressel et al., 2007; Thorpe & Ebersole, 2008), perturbations of the support surface 

(Perrin et al., 2002) landing from a jump and landing from a weight shift (Gerbino et al., 

2007). Reasons for the better performance by athletes over controls and certain athletes 

over other athletes has been suggested to be due to training experience (Davlin, 2004; 

Kioumourtzoglou et al., 1997). 

 

It has been proposed that gymnasts perform better than controls and other athletes in 

stabilometry tests as they have experience in co-ordinating body parts effectively, 

holding specific static positions as well as receiving specific training to maintain, recover 

and regain balance (Davlin, 2004; Kioumourtzoglou et al., 1997). Footballers have 

performed better than controls when tested with the SEBT and has been explained as 

being related to the type of training footballers experience, the amount of single leg 

tasks encountered during training and game play such as kicking a ball and reaching for 

a ball (Thorpe & Ebersole, 2008). Elite judoists have performed better than controls and 

ballet dancers in tests with a perturbed support surface. This has been explained 

through specificity of training and practice as they have to exploit their CoM to influence 

their opponent (Perrin et al., 2002). Whilst Gerbino et al. (2007) observed better 

performance of dancers in a jump landing in one outcome measure (sway index), there 

were no differences between dancers and footballers in another outcome measure, 

centre acquisition time. The centre acquisition time is a measure of how well a subject 

can attain a quiet, balanced state following perturbation. Gerbino et al. (2007) 

postulated that differences between these participant groups are down to the nature of 

their movements. In football, movements are defined by sprinting, cutting side-to-side, 

pivoting, and sudden stops and starts. There is also the involvement of physical contact: 
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pushing, pulling with other players and kicking a ball. Some of these movements can be 

unpredictable in occurrence. Whereas in dance, movements are choreographed and 

rehearsed, so a dancer is more in control of where they position themselves following a 

jump or movement. Davlin (2004) observed that gymnasts had superior dynamic 

balance to all other participants, and all athletes had better dynamic balance than the 

control group, but there was no difference between swimmers and football players 

during stabilometry testing. Footballers and swimmers do not have specific 

requirements within their respected activities to maintain a position as in gymnastics 

therefore; gymnasts would be expected to perform better. Bhat & Moiz (2013) found 

no differences between field hockey players’ and footballers’ performance in a SEBT. If 

you were to consider specificity of task, one might expect footballers to perform better 

as field hockey players are not required to stand on one leg and reach with the other 

during the game. The lack of difference might be attributed to the single leg stance not 

being an isolated event during play for footballers, and therefore, does not represent 

specificity of task for this group either. Further to this, testing with a SEBT has found no 

differences between gymnasts and footballers, but found footballers were superior to 

basketball players (Bressel et al., 2007). Gymnasts use cues from changes in joint 

position and acceleration through practice of balance skills for example on the balance 

beam. Footballers will experience passing, receiving and shooting during their training 

and therefore, experience single leg stance whilst performing additional tasks. 

Basketball players do not experience single leg stance and therefore are unlikely to have 

developed the specific requirements to perform well within that task. 

 

Whilst it is plausible that the specificity of training may explain the enhanced 

performance of the certain athletes over others and/or when compared to non-athletes, 

there are additional points that have not been addressed. Bipedal stance tested in 

stabilometry, the SEBT and perturbations of the support surface should be considered 

tests of static balance with a challenging condition. They are often used and referred to 

as dynamic balance tests within the literature but do not involve a moving base of 

support. Aside from in gymnastics, single leg stance and jump landings never happen in 

isolation within the sports discussed above. They are always preceded and followed by 

other movements. Testing these in isolation is not specific of the experiences of these 

athletes in training or game play. Further to this, there are elements of the above test 
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that are subjective or do not provide balance strategy information. For example, 

subjective elements of the SEBT do not provide any information pertaining to balance 

strategies involved and how these differ between participant groups. Further to this, 

studies have suggested that the measures used may not be sensitive enough to detect 

any differences between the participant groups (Bressel et al., 2007; Gerbino et al., 

2007).  

 

There is evidence to suggest that repetitive training experiences that influence motor 

responses result in experienced athletes having superior balance (Balter et al., 2004). 

There is also the argument that training experiences influence how proprioceptive and 

visual cues are handled by the participant producing superior balance (Ashton-Miller et 

al., 2001). Therefore, it is likely that the environmental constraints specific to individual 

sports influence dynamic balance ability and are likely different between different 

sports. The differences found between dynamic balance ability and type of sport played 

may be related to the type of balance test used as indicated in the above studies. Some 

dynamic balance tests may reproduce similar skills performed by an athlete in one sport 

but not an athlete in a different sport. There will be different skill requirements and 

environmental demands in each different sport, which are likely to challenge each 

athlete differently, influencing their dynamic balance ability. Further research is 

required to be able to identify the different components of dynamic balance required 

for each sport and to provide a dynamic balance test that challenges that component or 

a combination of components.  

 

 

2.4.3 Balance ability and competition level 

Previous research has compared dynamic balance between athletes at different 

competition levels to identify postural performance and strategy at different levels of 

expertise. Noe & Paillard (2005) tested the dynamic balance of alpine skiers at different 

competitive levels. They used a seesaw device on top of a force plate and compared CoP 

measures between groups. Similar performances were observed between groups when 

wearing ski boots but, surprisingly results showed that lower-level skiers presented with 

superior dynamic balance when barefoot. This impairment of the performance of high-

level skiers was attributed to a long-term effect of repetitive wearing of ski boots. The 
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unexpected results could be attributed to not measuring a component of dynamic 

balance that is important in skiing. It is unlikely when skiing that such a small area of the 

ski would be in contact with the ground and allow for a see-saw type movement, thus 

rendering the test non-specific to skiing. Additionally, there may have been an incorrect 

interpretation of the CoP variability. Elite level skiers showed significantly greater 

surface area of the CoP in standing posture without boots, which was interpreted as 

indicative of postural ability. Alternatively, the increased variability in higher-level skiers 

could be interpreted as functional and indicative of a releasing of degrees of freedom 

possibly due to their increased skill level. 

 

Higher level footballers have better static balance than lower-level footballers in tests 

of single leg quiet stance (Paillard & Noe, 2006) and static posturography (Paillard et al., 

2006) tests with higher level footballers displaying a significantly smaller CoP area and 

velocity than lower level footballers. Contrary to these findings, Pau et al. (2015, 2019) 

found no differences between higher level and lower level footballers during a static 

postural sway test. Researchers have identified that static balance ability is not reflective 

of dynamic balance ability (Hrysomallis et al., 2006; Pau et al., 2015; Sell, 2012) therefore 

tests involving single leg stance and static balance are not appropriate for determining 

dynamic balance ability. 

 

Better performance of higher level footballers in comparison to lower level footballers 

or controls has been identified in tests of dynamic posturography (Paillard et al., 2006), 

an unstable surface (Jadczak et al., 2019) repetitive hip flexion-extension movements of 

the swinging leg (Teixeira et al., 2018), the YBT (Butler et al., 2012), and landing tasks 

(Pau et al., 2015, 2019). Within these studies measures with low values of CoP area 

(Paillard et al., 2006; Pau et al., 2015; Teixeira et al., 2018), CoP velocity (Paillard et al., 

2006), deviations in the axis of the platform (Jadczak et al., 2019), vertical time to 

stabilisation (Pau et al., 2015, 2019), and dynamic postural stability index (DPSI) (Pau et 

al., 2019) are indicative of better performance. Butler et al. (2012) associate higher reach 

distances as representing better balance ability. Interestingly not all of the measures 

showed this trend. Butler et al. (2012) found that lower-level footballers performed 

significantly better on the anterior reach direction of the YBT and Paillard et al. (2006) 

demonstrated that anterior posterior (AP) total spectral energy of CoP between skill 
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levels is not significantly different (Paillard et al., 2006). It is not known why lower level 

footballers reached further in the anterior direction of the YBT, nor why there were 

unexpected differences in spectral energies between groups reported by Paillard et al. 

(2006). Both outcomes were suggested to be due to different postural strategies 

between groups. 

 

Paillard et al. (2006) suggests that the results of their study suggest when balance is 

evaluated with a sport specific task the level of performance can be discriminated. 

Additionally, other authors have justified their tests as being sport specific. However, 

one would argue that tasks involving single leg stance are very limited in their 

application to football tasks. It is rare that a footballer would remain in single leg stance 

for as extended a period of time as during the test. Additionally, single leg stance would 

not be an isolated movement within football. It has been argued that the better 

performance of higher-level footballers is due to a higher training load developing these 

skills (Paillard et al., 2006). The work of Pau et al. (2019) provides evidence that the use 

of a more sport specific test of dynamic balance is preferable and provides evidence that 

the use of sport specific measures of balance can differentiate for skill level. However, 

the test used only represents one component of dynamic balance. The authors also 

surmise that a forward jump landing is the most common movement in an actual match. 

There is no evidence presented to substantiate that claim, nor that it is an important 

movement and/or component of dynamic balance related to success of the game or 

injury risk and thus this statement warrants investigation. 

 

Several factors may contribute to the superior balance of elite athletes. The training 

experience of athletes will be different to that of a novice, improving co-ordination, 

strength and range of motion. The repetitive experience of the skills involved may 

influence motor responses and an athlete’s ability to respond to proprioceptive and 

visual cues (Bressel et al., 2007).  As higher-level athletes train more often, it is unknown 

whether the better performance can be attributed to intrinsic qualities i.e., natural 

predispositions or the amount high quantity of training which could improve specific 

postural adaptations. There is also no indication as to whether higher-level athletes 

possess better innate balance ability, which is potentially of interest for talent 

identification programmes. It is of interest to determine which components of balance 
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are important in football and whether sport specific measures relating to these 

components of dynamic balance show the ability to differentiate skill level. 

 

2.4.4 Dynamic balance in football 

As discussed earlier in this chapter, there is a lack of consensus on the definition of 

balance terms, which is also evident in the dynamic balance research in football. In 

football specific literature, many articles have not provided a definition of dynamic 

balance. Where definitions have been provided the term has been defined in different 

ways: 

 

● maintaining equilibrium during motion or re-establishing equilibrium through 

rapid and successively changing positions (Davlin, 2004) 

● the ability of an individual to maintain stability of the centre of mass during 

movement (Butler et al., 2012; Chtara et al., 2018; Gkrilias et al., 2018; Halabchi, 

et al., 2020; RouIssuei et al., 2018)  

● an ability to maintain the line of gravity of a body within the base of support and 

minimal postural sway (Paul et al., 2019) 

● the ability of an individual to maintain the centre of mass within the body´s base 

whilst performing single leg movement (Lopez-Valenciano et al., 2019) 

● the ability to perform an action while maintaining or restoring a stable position 

(Onofrei et al., 2019) 

 

Regardless of the work of Pollock et al. (2000), there is no consensus on the definition 

of dynamic balance. It is of interest to determine the root of these definitions and to 

understand how the term and associated terms are used in the literature.  

 

Literature relating specifically to dynamic balance in football ranges from identifying 

whether dynamic balance is associated with skill level7, intervention studies relating to 

                                                      
7 Davlin et al., 2004; Pailliard et al., 2006; Teixiera et al., 2011; Butler et al., 2012; Pau et al., 2015; 
Jadczak et al., 2019; Pau et al., 2019 
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improved performance8, intervention studies aimed at injury prevention9, injury risk 

(Butler et al., 2012), comparisons with participants of other sports10, relationship with 

other performance measures11, comparisons between player position12, correlations 

with other balance measures (Meiners & Loudon, 2020) and player profiling13.  

 

The SEBT, modified SEBT (mSEBT) and the YBT are the most common tests when 

assessing dynamic balance in football. The mSEBT focuses on just three reach directions: 

anterior, postero-lateral (PL) and postero-medial (PM). It has been identified to capture 

the least redundant information and can be used to simplify the test’s performance 

Hertel et al. (2011). The only difference between the YBT and the mSEBT is the 

instrumentation of the YBT. Of the above studies that have used one of the 

aforementioned tests, all have used reach distance (corrected for limb length and 

expressed as a percentage), with some also using a composite score for all reaches. The 

methodological issues with these tests have been discussed in Section 2.2.1.4.  

 

Dynamic balance ability has been found to differ between football players and other 

sports athletes and controls when assessed with the SEBT (Bressel et al., 2007; Khuman 

et al., 2014), single leg stance (Davlin, 2004; Matsuda et al., 2017), and mobilisation tasks 

(Teixeira et al., 2011). Footballers have performed significantly better than basketball 

players (Bressel et al., 2007), volleyball players and cricket players (Khuman et al., 2014) 

in composite SEBT reach distance. Football players have demonstrated lower AP than 

medio-lateral (ML) sway in single leg stabilometry than swimmers, basketball players 

and controls (Matsuda et al., 2017). Additionally footballers have demonstrated smaller 

CoP sway area than non-football players during single leg stance (Teixeira et al., 2011). 

This suggests that differences exist in dynamic balance performance between sports. 

However, footballers have shown no significant differences in SEBT reach distance with 

gymnasts (Bressel et al., 2007), yet Davlin (2004) found footballers to have inferior 

                                                      
8 Filipa, 2010; Acinci et al., 2019; Jlid et al., 2019; López-Valenciano et al., 2019; Navarro-Santana et al., 
2020 
9 Daneshjoo et al., 2004; Emery, 2010; Greig et al., 2007; Dunsky, 2017; Nagaraj & Solomon, 2019; 
Kunugi et al, 2020 
10 Bressel et al., 2007; Guillou et al., 2007; Matsuda et al., 2008; Khuman et al., 2014; Jadczaket al., 2019; 
Halabchi et al., 2020 
11 Chtara et al., 2016; RouIssuei et al., 2017; Chtara et al., 2018 
12 Ates, 2019; Emirzeoğlu & Ulger, 2020 
13 Gkrilias et al., 2018; Onofrei et al., 2019 
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dynamic balance to gymnasts in bipedal stabilometry, yet similarly to swimmers and 

controls. Matsuda et al. (2017) has found no significant differences in sway velocity 

during single leg stabilometry of athletes versus non-athletes. These differences may be 

attributed to the different dynamic balance tests employed and different components 

of balance being tested which may be more important for performance in different 

sports. The differences might also be attributed to a variation of the populations used 

in testing i.e., different skill levels and different playing styles.  

 

There is evidence to suggest that differences exist in dynamic balance performance 

between skill level in football and playing position. Butler et al. (2012) identified that 

higher skilled players exhibited greater dynamic balance in the YBT than lower skilled 

players. However, they also found that less skilled football players reached further than 

higher skilled players during the anterior reach of the YBT. The difference in reach 

distance in the anterior direction of the SEBT was attributed to the effect of prior ankle 

injury on reach performance and ankle injuries being one of the most common injuries 

in football. Collection of data that provides information regarding the movement 

strategy using 3D kinematic and kinetic analysis, might help to explain differences 

between these groups. Ates (2017) and Emirzeoğlu & Ülger (2020) have found no 

differences in reach differences between football playing position, yet Akinci et al. 

(2019) found significant differences in PM reach distance between midfielders and wing 

backs. It is unknown what balance strategies relate to these differences in performance. 

 

The dynamic balance tests above involve a static base of support and as discussed in 

Section 2.3.2 these tests cannot be considered sport specific. As previous literature has 

identified that static balance ability is not reflective of dynamic balance ability 

(Hrysomallis, 2011) it is uncertain whether athletes of different sports and higher skilled 

players would show the same differences in tests that provide sport specificity. In tests 

where better balance ability has been associated with lower CoP sway, it is unknown 

whether the same relationship would be replicated using sport specific tests. 

Additionally, Matsuda et al. (2017) found no significant differences between sway 

velocity in athletes versus non-athletes. It is not known whether higher skilled athletes 

would demonstrate better dynamic balance ability.  
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Furthermore, there is evidence that performance of the SEBT and YBT is not solely 

influenced by balance ability but also by limb strength and flexibility (Akinci et al., 2019; 

Chtara et al., 2016; John et al., 2018). It has been reported that stability in the PL reach 

direction is accomplished by the increased role of the hip flexors of the supporting leg, 

and the hip internal rotators in stabilising the pelvis in lateral movement (Neptune et 

al.,  1999). Chtara et al. (2016) have identified significant positive relationships between 

isometric strength tests and directional reaching of the YBT. They found that the 

contribution of isometric strength depends on the angle of reach and the supporting 

limb. With the combination of methodological issues, lack of sport specificity and 

correlation of strength and reach distance, the SEBT may not be an appropriate method 

of determining dynamic balance ability in football. There is a need to identify alternative 

methods of assessing dynamic balance that are sensitive enough to identify differences 

and differentiate for skill level without being affected by the participant’s strength or 

flexibility. 

 

Recent research has adopted metrics such as time to stabilisation (TTS) using tests such 

as landing a jump or hop (Pau et al., 2015; Kunug et al., 2020; Jadczak et al., 2019; Pau 

et al., 2019; Navarro-Santana et al., 2020). TTS is associated with the participant’s ability 

to stabilise the body following a jump landing. These measures are more sport specific 

but may be considered more laboratory based due to the use of force platforms. 

However, with the use of portable force plates these tests can be taken outside of 

laboratory conditions. One could argue that in a game of football the number of times a 

player lands from a jump in single leg stance is considerably less than they would 

experience running, dribbling, kicking, and destabilising forces due to an uneven surface 

or from opposition. A jump landing is also irrelevant to the game outcome, as the ball 

will be delivered elsewhere. Players are only likely to land in single leg stance from a 

jump to receive a ball on the chest or head, or to compete for a ball in the air. In doing 

so, they are never likely to land and hold that position for a period of time. For this 

reason, landing tasks may not be sport specific where they are not preceded or followed 

by additional movement. Additionally, landings are only relevant to jumping and so only 

describe abilities that are useful to that task in actual game situations. There are other 

balance challenging aspects of the game and there is no evidence to suggest that only 
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single leg stance and landing strategy are the most important components of dynamic 

balance in football. 

 

Apart from a jump landing, the remaining dynamic balance termed tests used in the 

aforementioned research could be considered as extensions of static balance tests. 

There is questionable specificity and representativeness of individual sport 

requirements. Different sports are likely to have different dynamic balance requirement 

therefore, we cannot be confident that the results of previous research can be 

considered to demonstrate that higher-level athletes possess better dynamic balance 

ability. It is important to find a dynamic balance test or battery of dynamic balance tests, 

which can differentiate for skill level, as the relationship between balance ability and the 

demands of the sport show a functional degree of specificity (Chew-Bullock et al., 2012). 

Poor dynamic balance ability could impact on acquisition and performance of other 

sport specific skills (Vuillerme & Nougier, 2004). If a link could be identified between 

better balance ability and skill level using sports specific measures and testing 

components of balance relevant to an individual sport, it would provide a strong 

argument for incorporating dynamic balance training into the training schedules of 

lower-level athletes to improve their performance. Further research would need to be 

conducted to determine whether these aspects are trainable. 

 

 

2.5 Classification Systems 

As dynamic balance covers a broad spectrum of situations, Berg (1989) suggested that 

dimensions of balance should be delineated into functionally significant headings: 

maintenance of a position, postural adjustments to voluntary movements, and reaction 

to external disturbances. These would provide a framework from which the degrees of 

difficulty of a task could be considered. These varying difficulties could be explained 

through basic mechanics applied to the human body. Identifying dimensions of balance 

and providing a framework to categorise difficulty would provide a functional 

interpretation of the concept of balance (Berg, 1989). This is not only useful in falls 

research but its application to all balance scenarios and measures would provide a 

method by which the strengths and limitations of measures can be assessed and lead to 
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more appropriate and sport specific measures of balance to be chosen. Only two 

classification systems have attempted to assess balance measures. Both systems have 

drawn on Gentile’s taxonomy of tasks; a framework for analysing movement and action 

based on task and environmental complexity (Gentile, 1987).  

 

Huxham et al. (2001) used a model to evaluate clinical balance assessment methods and 

the interpretation of test results. They considered that the difficulty of a balance 

component may increase or decrease due to the characteristics of a task (Huxham et al., 

2001). Equally, there is a constraint on the way a task is performed due to the 

environment in which it is performed. Task and environmental constraints affect motor 

performance in two ways (Gentile, 1987): altering the biomechanical features of the 

activity; and affecting the amount of information that must be processed in order to 

achieve both balance and the motor goal, therefore altering balance demands (Huxham 

et al., 2001). Huxham et al. (2001) used the framework of the taxonomy of tasks (Gentile, 

1987) to examine common balance tests by differentiating by biomechanical challenge 

(Table 2.3). The model firstly categorises the BoS as stationary or moving and secondly 

sub-divides tasks superimposed on the body. The use of this model identified 

biomechanical differences assessed by tests and thus which were involved in balance 

control. However, some tests such as those with multiple components (BBS and 

Performance-Oriented Assessment) fall into more than one class. This classification 

model fails to recognise that the environmental context of a task influences the 

biomechanical parameters and therefore has significant limitations. The role played by 

the amount of information processed from the task and its environmental context is also 

neglected (Huxham et al., 2001).  
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Table 2.3 Classification of some clinical balance tests according to biomechanical 
demands reproduced from (Huxham et al., 2001) 

 Stationary Base of Support Moving Base of Support 

Unperturbed 
 

Timed standing 
Steadiness in standing 

10m walk, whether times or 
qualitative 

Self-generated 
perturbations 

Performance-Oriented Assessment 
– balance (most items) 
Berg Balance Scale (most items) 
Step test 
Functional Reach 
Reach test 

Performance-Oriented 
Assessment – mobility 
Times up and Go 
Dynamic Gait Index 
Performance-Oriented 
Assessment – balance (turn 
item) 
Performance-Oriented 
Mobility Assessment 
Instrument 
Functional Obstacle Course 

External 
perturbation 

Performance-Oriented Assessment 
– balance (sternal thrust item) 
Postural Stress Test 
Shoulder Tap Test 
Clinical Test of Sensory Integration 
and Balance 

 

Sensory 
manipulation or 
perturbation 

 Performance-Oriented 
Mobility Assessment 
Instrument 

 
 

Although Huxham et al. (2001) provided a way of classifying balance measures, they only 

applied it to a sample of clinical tests related to falling. Pardasaney et al. (2013) is the 

first and only study known to date which has performed a systematic item-level content 

analysis of balance measures. The method focuses on balance measures used for 

community-dwelling elderly people with the aim of developing profiles of balance 

measures describing the extent to which different aspects of the task and environment 

are represented within their items. This method allows content comparison across 

balance measures, to guide the selection of the most appropriate measure for a given 

purpose. In development of their classification system Pardasaney et al. (2013) modified 

Gentile’s definitions of task role and motion in the environment for applicability to 

postural control. They did not include Gentile’s concept of inter-trial variability due to 

its relevance to practise and skill acquisition. Figure 2.2 presents the classification 

criteria extracted from their literature review. They used seven factors related to task 

and environment that can influence balance performance and be systematically varied 
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for balance assessment. Their results identified that most of the balance measures used 

in the community-dwelling elderly population failed to incorporate important task and 

environmental variations. It is possible that ceiling effects and reduced sensitivity to 

change of balance measures in this population are due to these content gaps (Huxham 

et al., 2001).  

 

 

Figure 2.2 Classification criteria from Pardasanay et al. (2013) 
 

 

To the author’s knowledge, there is no evidence within the literature that either of these 

tools have been used to determine important components of balance for their test 

population. The use of a classification tool would provide a framework to be able to 

identify whether a balance measure selected test components of balance that are 

specific to that population. It would also enable identification of whether the balance 

measure involves task and environmental influences that represent the range of task 

and environment components important for balance assessment. The model presented 

by Huxham et al. (2001) had a physiotherapy focus only assessing clinical tests; 

identifying balance deficits associated with falls. Pardasaney et al. (2013) only assessed 

balance measures commonly used to assess community dwelling older people. It is, 

therefore, unknown if these classification systems are valuable as tools for assessing 

balance measures for other populations and more specifically for sport. The Bloomfield 

Movement Classification (BMC has been used for classifying movements in sport 

(Bloomfield et al., 2004) most notably for analysing the agility demands of soccer 

(Bloomfield et al., 2007) and netball (Hale & O’Donoghue, 2007), and injury risk in 

netball (Williams & O’Donoghue, 2005). Despite the BMC not being a tool to assess 

balance measures, it may be beneficial in the context of football, to aid as an identifier 

of movements involved to help determine tasks and components of balance. 
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2.6 Chapter Summary 

This review has identified that the literature concerning dynamic balance in terms of its 

definition is ambiguous. Many definitions exist in the literature for dynamic balance and 

the associated terms dynamic postural control and dynamic postural stability. These 

terms and definitions are often interchanged or used synonymously within the 

literature. Often definitions are not provided, so as a reader it can be difficult to 

understand and establish what the focus of the research is.  

 

The importance of dynamic balance in elite level sports has not been identified. Balance 

is multidimensional in nature, dependent on the coordinated function of several body 

systems including vision, proprioception, vestibular information, muscular function, and 

energy systems. Environmental, temporal and subject-specific constraints influence task 

specific skills of balance. However, these are only aspects of balance. People can become 

unstable in different task and environmental conditions, so one’s ability to balance is 

context dependent and depends on the particular body systems impaired (Horak, 2006). 

Evidence shows that in some sports, higher-level athletes have better balance skill, and 

athletes in some sports have better balance than in other sports. However, the balance 

measures used within sport and in particular football, underrepresent the demands 

placed on the postural control system and therefore, are not representative of sport 

requirements. Additionally, different sports are likely to have different balance 

requirements. Thus, different and relevant components of balance should be identified 

and assessed, providing sport specificity. The literature, as yet, has not provided an 

effective framework whereby important components of balance can be identified for 

individual sports, allowing tests and measures to be used specific to that sport. The 

literature has also identified that there are numerous balance tests available and there 

is a need for more sport specific measures.  

 

A more appropriate and accurate method of determining dynamic balance and all its 

different components is required to complement a definition encompassing all scenarios 

of dynamic balance. The dynamic balance tests should be sensitive enough to be able to 

differentiate between skill levels across different sports and be more specific to sports 

situations. 
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Chapter 3 Investigation of the use of dynamic balance 
terminology and tests 

 

3.1 Introduction 

Chapter two provided an overview of the literature on balance. The term static balance 

is inadequate when used in reference to the human body. The body is never in a fixed 

or stationary condition as the somatosensory, visual, and vestibular systems are 

constantly interacting to make minor automatic adjustments to maintain body position 

in upright stance. Additionally, dynamic balance is not clearly defined. It has different 

and interchangeable definitions and has been used synonymously with the terms 

dynamic postural control and dynamic postural stability. There are many different tests 

available which all purport to measure dynamic balance yet there is no indication of 

their appropriateness. The evidence in Chapter two proposes that tests need to be sport 

specific and sensitive enough to differentiate skill level within and between individuals 

and within and across sports. Yet a lack of evidence and methodology to support 

choosing tests and measures, makes test choice difficult. Berg (1989) suggested that 

there are different dimensions of dynamic balance which should be defined according 

to headings: maintenance of a position, postural adjustment to voluntary movements, 

and reaction to external disturbances. These dimensions would then provide a 

framework from which the skill level within each category can be assessed.  

 

It has been shown that static balance performance is not reflective of dynamic balance, 

(Muehlbauer et al., 2012; Pau et al., 2015; Sell, 2012) and that dynamic balance 

measures are better than static measures at differentiating previously injured from 

uninjured individuals (Ross & Guskiewicz, 2004).  There is growing evidence that balance 

ability is highly task specific implying it has multiple constructs or dimensions (Giboin et 

al., 2015; Kümmel et al., 2016). As most falls occur in dynamic conditions (Shimada et 

al., 2003) and the ability to perform in destabilising situations is a requirement of many 

sporting and recreational activities, it follows that balance training and assessment is 

important in health and sporting contexts, and should be appropriate and specific to the 

task and population being studied. It is important to define dynamic balance in a general 



 

49 
 

enough sense to encapsulate all possible situations requiring dynamic balance skill.  

Pollock et al. (2000) stated that:  

“The valid definition of clinical terminology is fundamental to the formation 
of evidence-based practice and to the provision of optimal patient care.”  

 

Therefore, the balance literature was investigated to ascertain whether there were 

suitably comprehensive and widely accepted definitions of the terms: "dynamic 

balance", "dynamic postural control" and "dynamic postural stability". 

 

This chapter details an in-depth investigation into the understanding of the term 

dynamic balance and associated terms. The objectives were to: 

• Identify how the terms dynamic balance, dynamic postural control and dynamic 

postural stability have been defined. 

• Critically evaluate the literature to determine how these terms are understood. 

• Identify the different test measures that exist and understand their relationship 

with the above terms. 

 

 

3.2 Methods 

A scoping review is a thorough approach used for identifying gaps in existing literature 

using a narrative or descriptive approach. Arksey and O’Malley’s (Arskey & O’Malley, 

2005) 5-stage framework was adopted to perform a scoping review investigating how 

the terms "dynamic balance", "dynamic postural control" and "dynamic postural 

stability" have been used in the literature; particularly focussing on their formal 

definitions and balance tests used. 

 

 

3.2.1 Data Sources 

The protocol for this scoping review had four steps: the search strategy was determined, 

then a literature search was performed, followed by a selection process for relevant 

articles and finally data were extracted for analysis. Figure 1 illustrates the search and 

selection process. A systematic search of literature was conducted to identify original 

research that included one or more of the terms "dynamic balance", "dynamic postural 
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control", and "dynamic postural stability" in the title only. The search was limited to 

these terms in the title to constrain the number of articles generated. The search was 

conducted on literature published up to the end of 2017 using the computerised 

databases SPORTDiscus; CINAHL; MEDLINE; Scopus; PubMed; Web of Science and 

Science Direct.  

 

 

Figure 3.1 Flow diagram of literature selection and reviewing process 
 

 

3.2.2 Reviewing Methods 

Figure 3.1 shows the process used to select and review literature. Articles were excluded 

articles if they were not in peer reviewed journals, or if the language was not English. 

Exclusions included unpublished articles; books; book sections; conference abstracts; 

monographs; and dissertation theses. Following this process, retrieval of article hard 

copies was conducted. Any articles that were not readily available through institutional 
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library subscriptions were requested through the British Library Document Supply 

Service. Any articles unobtainable at this point were excluded. Article titles were 

removed if they concerned an unrelated topic or a correction to a previous article. 

Following this, articles were discarded after screening by their abstract and, if necessary, 

full text. An additional reviewer checked 10% of exclusions to assess any rater-bias.  

 

The following information was extracted from the title, introduction and methods of 

each remaining article: 

● The balance term used in the title 

● The definition of the term used, if any 

● The source of the definition 

● Evidence of synonymous use of the terms 

● The type of study used in the research 

● The participant information in each study 

● The balance test used in the study 

● The outcome measures used in the study 

● The balance device employed in the study 

 

Papers were classified according to which balance term was used in the title. Sources 

provided as balance term definitions were retrieved and read, with a record made of 

any definition used and whether any additional sources for the definition were cited. 

Definitions were categorised by term and then into themes by task goals and 

constraint(s). The ‘goal’ was the desired outcome, for example to maintain stability, 

locomote, or to manipulate an object. The ‘constraints’ were the additional challenges, 

and according to Newell’s Constraints Model (Glazier, 2017) may arise within the 

organism (physical, physiological, morphological, or psychological), external to the 

organism (spatial and temporal layout of environment and applied forces) or may be 

inherent to the task (the task rules and goals).  
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3.3 Results 

3.3.1 Incidence of terms  

After the search and selection process 553 articles (Appendix A) were included in the 

scoping review. 410 were classified by their title as dynamic balance, 90 as dynamic 

postural control and 54 as dynamic postural stability. Figure 2 shows the incidence of 

the terms by the year they arise in a publication.  

 

Figure 3.2. Number of articles published per year with the terms “dynamic balance”, 
“dynamic postural control” or “dynamic postural stability” in the title.   
 

 

3.3.2 Definitions 

Eighty-four articles provided a definition of the term they used. These consisted of 58 

dynamic balance articles, 13 dynamic postural control articles and 13 dynamic postural 

stability articles. Sources for these definitions originated from 38 articles for dynamic 

balance, 12 for dynamic postural control and all 13 for dynamic postural stability. 

 

Several sources were cited as definitions of terms, which upon inspection had not used 

the term or had not defined it within the article. The same source (Goldie et al., 1989) 

was cited as the earliest definition of both terms dynamic postural control and dynamic 

postural stability. Some articles neither provided a source for their definition nor made 

it explicit that they formulated their own definitions. A table of all articles with sources 

of definitions are presented in Appendix B. 
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There were 33 differently worded definitions found for dynamic balance, 13 for dynamic 

postural control, and five for dynamic postural stability. Some definitions were repeated 

both within terms and across two or more of the terms. Table 3.1 groups the different 

definitions into themes divided into tasks and constraints. Reference numbers are 

presented in Appendix C with the appropriate reference.
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Table 3.1 Definitions of balance terms categorised by task goal and constraints. References are presented in Appendix C 

Balance 
Term 

Task goal Constraints References 

Dynamic 

balance 

 

maintain balance/ 
equilibrium/orientation 

moving: 
during rapid changes of the individual's kinetic condition, while moving, during motion, 
while changing positions, while making postural adjustments, from one balanced 
position to another, during centre of gravity shifts, during control of body position in 
space shifts, during control of body position in space 

1, 2-6 

  during a transition from a dynamic to a static state/steady situation 17-20 
  on an unstable support/on a moving surface 8, 21 
  on a single limb and manipulate other limb 22 
  With no constraint 

 
23 

 maintain stability/ 
stable/ 
steady position/ 
posture/ 
postural control 

moving: 
while performing a task, during dynamic tasks, movement, while sitting, while 
standing, while walking, during expected and/or unexpected movements, against 
forces exerted by movement of a part of the body or movement of the whole body. 

24-35 

  during a perturbation 36 

  during a transition from a dynamic to a static state 37, 38 

  while anticipating changes in balance and coordinate muscle activity 28 

  while shifting the centre of gravity (COG) on a moving base of support 38 

  with no constraint 39 
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Balance 
Term 

Task goal Constraints References 

 maintain stable base of support/do 
not compromise base of support 
 

while performing a movement/task 22, 40-44 

 maintain centre of gravity/centre 
of mass over/within base of 
support/stability of centre of mass 

while performing a movement/task 9, 45-48 

  while standing, walking, or performing another skill 7, 49 
  With no constraint 50 
  While performing a prescribed movement 

 
7, 22 

 predict postural changes during 
movement 

To give appropriate responses to changes in balance 
 

51 

Dynamic 
postural 
control 

maintain stable base of support While completing a prescribed movement 
perform a (functional) task 

52-55 

 maintain balance during a transition from a dynamic to a static state 56 
  while moving 

 
57 

 control/maintain COM while moving/within BOS 58, 59 
  while the body is subjected to internal or external perturbations that are anticipated or 

not 
 

59 

 regulate/control body position while moving 60, 61 

 not compromising supporting leg during a functional task 62 
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Balance 
Term 

Task goal Constraints References 

Dynamic 
postural 
stability 

balance/stabilise while transitioning from a dynamic to a static state 63-69 

 transfer and control centre of mass 
over base of support 

while transitioning from a dynamic to a static state 70 

  With no constraint 71 
  while performing a task 72 
  while body parts are in motion  73 
  with respect to the centre of mass 74 
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3.3.4 Synonymous use of terms 

Of the total articles in this study, 21% (118/561) used two or more of the terms 

synonymously (i.e., they used different terms within the article to refer to the same 

concept). Of papers that provided a definition of a term and a source of that definition, 

two of these sources (Gallahue, 1987; Wikstrom et al., 2005) were cited for both 

dynamic balance and dynamic postural control, one (Hof et al., 2005) was cited as a 

source for both dynamic balance and dynamic postural stability, one (Shumway-Cook & 

Woollacott, 1995) was cited a source for both dynamic postural control and dynamic 

postural stability and one paper (Winter et al., 1990) was cited as a source for all three 

terms.  

 

 

3.3.5 Tests 

Test were recorded as they were referred to in the text of each academic paper. 189 

differently named tests were identified in the literature across all balance terms. Table 

3.2 displays the frequency of tests identified for each balance term individually and the 

frequency of tests used for one or more balance terms. Table 3.3 displays the highest 

occurring tests identified in the scoping review. 

 

Table 3.2 Frequency of balance tests identified within the literature of the scoping 
review for each of the individual balance terms and combined balance terms: dynamic 
balance, dynamic postural control, and dynamic postural stability. 

Balance term Number of tests 

identified 

Dynamic balance 121 

Dynamic postural control 42 

Dynamic postural stability 26 

Dynamic balance and dynamic postural control 11 

Dynamic balance and dynamic postural stability 3 

Dynamic postural control and dynamic postural stability 3 

All three balance terms 12 
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Table 3.3 Most frequently identified tests within the literature of the scoping review 

Balance test Frequency 

Perturbed stance 122 

SEBT 81 

SEBT combined with mSEBT 105 

Walking gait 40 

TUG 39 

YBT 33 

Limits of stability 28 

BBS 23 

Jump landings 23 

Functional Reach 20 

Moving the CoP to a target 10 

Walking gait on a balance beam 10 

All other tests < 10 

 

 

There were 12 instances where tests were referred to with the same name but had 

methodological differences (balance beam gait, drop landing, functional reach, gait 

initiation, jump landing task, limits of stability, moving CoP to a target, obstacle crossing, 

perturbed stance, single leg hop, weight shift, walking gait). There were also tests that 

had different names but methodological similarities (drop jump vs drop landing, mSEBT 

vs LQ-YBT, rhythmic weight shift vs rhythm-direction control of movement). 

 

 

3.4 Discussion 

This study investigated articles using the terms "dynamic balance", "dynamic postural 

control" and "dynamic postural stability" in their titles. The results show that dynamic 

balance is the most common title term used in the literature followed by dynamic 

postural control and then dynamic postural stability. Definitions of these terms are 

varied, although some do have similarities and, in some cases, the same definition has 

been used for two or more terms with evidence of these terms being used 
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synonymously. Additionally, there are many tests and a lack of consistency in their 

methodologies and in their use concerning what they claim to measure. 

 

 

3.4.1 Definitions of terms 

Overall, only 10% of dynamic balance articles defined their respective term; this 

suggests that the authors considered the terms they used to be intuitively clear. 

However, the variety and overlap of definitions of all 3 terms implies this is not the case.  

Table 2 shows that the definitions of “dynamic balance” are most varied. The keywords 

"balance", "stability" and "control of the COM within the BOS" are present across all 

three balance term definitions. The phrase "maintain posture" is present in the goal 

section of definitions of both “dynamic balance” and “dynamic postural control”, and 

there are similarities in the sections of the definitions: "maintain posture” and “retain 

poise or steadiness” that were found for dynamic balance and dynamic postural control. 

Constraints are most varied for dynamic balance; transitioning from a dynamic to a static 

state is present in definitions across all three terms. The constraints include: 

perturbations which can be internal (such as muscular and inertial forces, as in the 

movement of a limb) or external to the participant (a moving support/surface or a force 

applied directly to the participant), motion and moving from one balanced position to 

another. 

 

The similar language used for the definitions - in terms of tasks and constraints - suggests 

that these three terms are defined in very similar ways, with overlapping meanings, 

which limits their utility as independent terms. At the same time, they do not account 

for all aspects of dynamic balance occurring in real-world movement contexts: non-

steady state motions which include accelerations, externally applied forces, and/or 

sequences of postures.   

 

 

3.4.2 Tests 

Perturbed stance was the most commonly occurring test. This was one of the tests with 

the most methodological differences. 122 papers referred to a method that involved 

perturbed stance. Tests have been administered using a range of different types of 
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equipment that use a moveable surface that can rotate through a specified angle along 

single or multiple axes or translate, such as: Biodex Balance System; Stabilometers; 

Prokin 5 balance platform; Equitest; SMARTwobbleboard; Radboud Falls Simulator; 

Balance Testing System Accusway; Stability Platform, force plate allowing a floor 

translation. There is no gold standard method identified in the literature for testing 

perturbed stance. The slightly different methodologies of these tests and the different 

outcome measures, which range from a score, pivot displacement, stability index, CoP 

trajectory, time the platform is held within a certain position and margin of stability 

make comparisons across tests difficult. Additionally, all three terms of balance have 

been used by research applying these tests. Where methodologies, balance devices and 

outcome measures are the same, authors have used different balance terms with no 

apparent distinction14. This shows the similarity between terms. Where methodologies 

and outcome measures are different, being able to make comparisons between studies 

becomes difficult. There is no accepted method to determine a suitable test and 

methodology and to which balance term it relates. 

 

The TUG (39 instances) is a test predominantly used for populations such as older adults, 

those at risk of falls (Beauchet et al., 2011) and strokes (Alghadir et al., 2018), as it 

involves activities of daily living. The test involves rising from a chair, walking 3 m, 

turning though 180 degrees, walking back to the chair and sitting down. The outcome 

measure is the time it takes to complete the test. There are no detailed descriptions of 

the strategies involved, so it is difficult to determine whether different strategies are 

related to performance and whether the test can differentiate populations and skill level 

within and between populations. Furthermore, if it were used as a test for dynamic 

balance in sports populations it is unlikely to provide any specificity because the 

movements involved are not key movements within sport. 

 

                                                      
14 Abdelghany et al., 2016; Akbari et al., 2016; Akhbari et al., 2015; Aydoǧ et al., 2006b; Costa et al., 
2009; Davlin-Pater, 2008; Douglas et al., 2013; Farajzadeh et al., 2017; Fatma et al., 2010; Fujisawa et al., 
2005; Fujisawa et al., 2007; Gusi et al., 2010, 2012b; Koşullarda et al., 2014; Kovacevic et al., 2010; Kuo 
et al., 2010; Lee & Han, 2017; Mohammadi-Rad et al., 2016; Mohsen & Emara, 2015; Rowe et al., 1999b; 
Salavati et al., 2016; Salek et al., 2015b; Schmitz & Arnold, 1998; Sherafat et al., 2014; Trampas et al., 
2015 
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The SEBT, mSEBT and LQ-YBT are similar tests but with both the mSEBT and LQ-YBT only 

using three reach directions and the LQ-YBT being instrumented. 219 papers used one 

of these tests. Whilst they are very popular methods of assessing dynamic balance, they 

have also been used to assess dynamic postural control and dynamic postural stability. 

The difficulties associated with these tests have been identified in Chapter 2. There are 

no methodological differences between administration of these tests nor a difference in 

outcome measures used to assess balance ability. When the test has been used for all 

three balance terms it is difficult to determine whether the authors are testing the same 

construct or intend to test different things.   

 

Section 2.2.2 identified that there are multiple components to dynamic balance. One 

major issue within the literature is that where authors have used one test for dynamic 

balance, they have not acknowledged which component of dynamic balance they have 

tested not justified why that was the most important component to test. Similarly, 

where authors have used a battery of tests, they do not provide a method for 

identification of why those tests were chosen as being important for the population 

being tested. They have not considered the specificity of the test, making it difficult for 

researchers and clinical practitioners to determine the best method of assessing 

dynamic balance. A taxonomy of components of dynamic balance would provide a 

method of identifying important movements that relate to a population whist also 

providing a framework by which existing tests can be aligned. 

 

The results of this study show that 52 tests involved a static base of support. 

Additionally, there were 20 multiple component tests where one or more of the tests 

involved a static base of support. As discussed in Sections 2.2 and 2.3, a static base of 

support should not be considered as representing dynamic balance but instead static 

balance with a challenging condition. Evidence has already shown that static balance 

performance is not reflective of dynamic balance performance (Hrysomallis, et al., 2006; 

Sell, 2012). The use of tests that involve a static base of support purporting to assess 

dynamic balance are unsuitable and should not be used as an assessment of dynamic 

balance individually or within a battery of tests. 
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These results support the literature in Section 2 in identifying that current tests to assess 

dynamic balance lack specificity. Where tests were referred to by the same name but 

had methodological differences, problems arise in making comparisons across studies 

as well as making an informed choice in choosing an appropriate test to be used in future 

research or assessment of dynamic balance. Additionally, there were instances where 

tests were referred to with the same name but had methodological differences. For 

example, Hoch et al.  (2012a, 2012b) uses the SEBT in two different studies However, in 

one of the studies, the mSEBT is used.  

 

Many tests exist where the outcome measures do not provide any rich descriptions of 

the movements involved or the strategies employed which relate to lower or higher 

dynamic balance ability. These include the use of a score, time, number of stands, 

number of steps, distance travelled, variation in direction of the dynamic balance board, 

velocity, reach distance, gait speed, reaction time, number of balance errors. It is 

difficult to identify what separates populations and individuals without movement 

strategy information. For example, how does the movement of the CoP or the CoM 

compare within and between individuals and within and across sports? 

 

 

3.5 Limitations 

There are limitations to this study: first, to keep the pool of articles manageable, only 

articles with one of the balance terms in the title were used. There are likely to be 

additional relevant papers that did not include the term in the title; however, sources of 

definitions were followed up, even if they did not have one of the terms in the title. 

Second, it is not possible to determine whether authors that have apparently used terms 

synonymously actually considered the terms to have different meanings but did not 

make this explicit. Third, this research only included articles that were in the English 

language. Those excluded for that reason may have reported different definitions or 

referred to a conceptual framework for the definition of these terms. Finally, it was not 

possible to access three of the articles found from the original search, however, the 

number of articles included in this study provides a clear pattern in the literature. 
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3.6 Conclusion 

Dynamic balance is a term that has been used widely in the literature and is a research 

area that continues to grow in popularity. The related terms and their definitions 

demonstrate limitations including disparity amongst definitions of the same term, 

overlap amongst definitions of different terms, and no existing definitions covering the 

full range of dynamic balance situations.   

 

The use of the terms to describe dynamic balance in the literature do not satisfy the 

aspirations stated by Pollock et al. (2000), 

 

“The production and use of universally accepted definitions of terms used 
within clinical practice is essential for the accurate and precise assessment, 
documentation and interpretation of patient problems.” 
 
 

The ambiguity in the use and definition of terms, together with the task specificity of 

dynamic balance are a barrier to development of a coherent research base in dynamic 

balance. Consequently, an extension of the definitions of Pollock et al. (2000) is required 

to cover the full range of dynamic balance circumstances. The evidence provides a clear 

need for dynamic balance, dynamic postural control, and dynamic stability to have 

distinct and precise meanings.  

 

Many difficulties have been identified with the tests that currently exist for dynamic 

balance. Difficulties in the selection of a test are increased due to the complex and multi-

factorial nature of balance. A taxonomy of the different components of dynamic balance 

is required, which would allow different components of dynamic balance to be 

associated with specific tests. This would provide a framework by which specificity of 

tests can be determined. 
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Chapter 4 Redefinition of dynamic balance and development of 
a classification tool 

 

4.1 Introduction 

The results of Chapter 3 identified that research in dynamic balance has been growing 

in frequency. Section 2.1.1 outlined the work of Pollock et al. (2000) in suggesting clear 

definitions that would standardise the use of the terms dynamic balance, dynamic 

postural control and dynamic postural stability. However, as identified in Chapter 3, 

inconsistency still exists between the definitions of the terms dynamic balance, dynamic 

postural control and dynamic postural stability. These terms are often used 

synonymously, which limits their use as independent terms. Additionally, it was 

identified in Section 2.1.1 that existing definitions and those proposed by Pollock et al. 

(2000) refer to a relatively narrow range of balance activities and do not account for 

many real-world balance scenarios.  

 

Section 3.4.2 identified the problems that exist regarding dynamic balance tests. There 

are hundreds of tests to choose from and test selection is made difficult due to the 

complex and multifactorial nature of balance (Woollacott & Tang, 1997). There is no 

widely used method to be able to determine which components of dynamic balance are 

being tested in each test, and how they are appropriate for different populations. In the 

interests of this programme of research, a tool is required to be able to match important 

balance components of football with existing tests to provide specificity and to identify 

where new tests may be required. Section 2.4 identified two taxonomies that could be 

used to identify the components of balance for a particular population as well as assess 

balance measures for their task and environmental influences. However, they have seen 

little use within balance research and their use in fall risk and community dwelling older 

adult populations means their effectiveness as a tool for identifying balance 

components of a wider range of tests and appropriate tests for additional populations, 

and in particular sports applications, is unknown.  
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This chapter reports firstly, the development of new more encompassing definitions of 

dynamic balance, postural control and postural stability, and secondly, a taxonomy to 

classify movement identify appropriate tests. The objectives were to: 

• Determine the most frequent definitions used for each term and identify any 

themes that emerge. 

• Extend the definitions of Pollock et al. (2000) to create new definitions suitable 

for dynamic balance measurements. 

• Determine the effectiveness of the two existing balance taxonomies for 

classifying all extracted balance tests from Chapter 3. 

• Extend the existing balance taxonomies to cover a wider range of balance 

applications.  

 

 

4.2 Definitions of dynamic balance and associated terms 

Section 3.3 extracted definitions from the papers identified in the scoping review. The 

information was presented in Table 3.1, by categorising definitions by task goal and 

constraint. Using the information in this table, definitions with the same or similar 

language relating to task goals and constraints were identified and grouped. Using this 

information and Newell’s model of constraints (Newell et al., 1989), a consultation 

process between four researchers was used to develop and agree on extended 

definitions by building on the definitions presented by Pollock et al. (2000). 

 

 

4.2.1 Dynamic balance 

For dynamic balance, there were 10 different task goals identified and 15 different 

constraints (Table 3.1, Section 3.3.2). Definitions centred on the identification of the 

involvement of a variety of task goals that needed to be achieved. The constraints 

referred to the involvement of internal or external forces and accelerations. For dynamic 

postural control there were three different task goals which had a focus on moving. The 

constraints focused on maintaining balance or BoS but there were also references to 

making postural adjustments to maintain balance. For dynamic postural stability there 
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were two task goals and three constraints. Both task goals and constraints had also been 

used in the definitions for dynamic balance and dynamic postural control.  

 

Dynamic balance was associated with more task goals and constraints than dynamic 

postural control and dynamic postural stability. There were many definitions where the 

language used was broad and unspecific, for example: perform a movement, a 

perturbation, maintain balance, and maintain equilibrium. However, in contrast, there 

were specific definitions in which the term dynamic balance was related to the 

experimental method presented in the paper, for example: “balance on a single limb 

while manipulating the other limb” (Anoop et al., 2010), and “involves achieving a 

compromise between the forward propulsion of the body and the need to maintain the 

lateral stability of the body” (Zech  et al., 2012). This supports the view that dynamic 

balance is multi-factorial and has many components. Chapter 2 and the results of this 

study demonstrate that the limitation with existing definitions is their assertion that to 

maintain dynamic balance the body’s centre of mass needs to be maintained within the 

base of support, or that the body needs to remain stable. However, this is often not the 

case for many activities of daily living or sporting situations, which renders existing 

dynamic balance definitions using those terms insufficient. The aspirations of Pollock et 

al. (2000) were:  

 

• The acknowledgement that postural control refers to the act of maintaining 

achieving and or restoring the line of gravity inside the BoS 

• That there are different components of balance and assessment tools may test 

different aspects of postural control 

• That the newly proposed definitions should be adopted within clinical and 

research settings.  

 

Chapter 3 has identified that these aspirations have not been satisfied. Additionally, the 

definitions of the terms are insufficient in accounting for the unbalanced forces that are 

inherent in everyday movement. Pollock et al. (2000) proposed that dynamic balance is 

the ability of a person not to fall. However, if we are to consider the task and 

environmental constraints when competing in sport, the task goal of an athlete is rarely 

limited to not falling. Control of gravitational and acceleration forces is required to 
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maintain posture and equilibrium in normal balance (Massion & Woollacott, 1996). 

Acceleration forces may be internal, when resulting from a voluntary movement, or 

external force as the consequence of a disturbance such as a push (Winter, 1995b). The 

environmental constraints for example may include the condition or type of support 

surface, which may be slippery or wet, or dealing with a physical challenge from an 

opponent whilst moving and quite possibly interacting with a ball or other object. Thus, 

the environmental constraints will involve non-static internal or external forces or 

accelerations. So, it is clear that not falling is one of many task goals in this scenario. An 

extended definition for dynamic balance is presented in Table 4.1 providing more 

coherence with a specific task goal and constraints. 

 

 

4.2.2 Dynamic postural control 

Pollock et al. (2000) consider dynamic postural control as “the act of maintaining, 

achieving or restoring a state of balance during any posture”. This refers to how the 

outcome is achieved, where the outcome is the task goal. The definition is insufficient 

because there is a lack of detail of what is involved in maintaining, achieving or restoring 

the state of balance. In dynamic movements, control of moving body segments requires 

making continuous postural adjustments. Within one task, there may be multiple 

postures involved in maintaining, achieving or restoring a state of balance. Not only are 

there internal forces involved in making these postural adjustments, but external forces 

influence these adjustments as well as torques, position of the centre of mass and the 

size and shape of the base of support, all of which need to be considered. Disregarding 

definitions provided in Table 3.1, where definitions for dynamic balance and dynamic 

postural stability have been used synonymously, two definitions remain: 

 

1: “the ability to alter the magnitude and patterns of segmental kinematics 
(e.g., trunk and limb movements) in order to direct body position in response 
to external mechanical demands imposed” (Song et al., 2012) 
 
2: “the ability to control body position to maintain body stability and 
orientation” (Falk et al., 2014) 
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These are more in line with Pollock et al. (2000) definition of the non-dynamic case. If 

we consider the scenario of a footballer trying to evade a defender, the task goal is to 

evade the defender. The constraints will involve the footballer making postural 

adjustments to manipulate their internal forces which involves the control of the 

momentum of the body segments as well as external forces due to the support surface, 

or a collision with the defender to achieve that task goal. An extended dynamic postural 

control definition has been developed that considers the task goal and the constraints 

to provide a more precise definition and is presented in Table 4.1. The term dynamic 

postural control should be used in relation to balance strategies; how the person 

manipulated internal and external forces etc., through postural adjustments whilst 

maintaining, achieving or restoring dynamic balance. 

 

 

4.2.3 Dynamic postural stability 

All the dynamic postural stability definitions in the literature had been used 

synonymously with the other terms. There were no emerging themes that provided any 

additional information that would help in the development of a new definition. The 

extended definition for dynamic postural stability presented in Table 4.1 proposes a 

change to the language used to shift the focus to the organismic constraints that are 

related to the inherent ability. The organismic constraints are things such as the speed 

capability of the individual, or a person’s unique physical and mental characteristics 

(Glazier, 2017). The term dynamic postural stability should be used when discussing or 

testing the organismic constraints of the participant. For example, how the skill level, or 

physical characteristics of the person relates to their ability of maintaining, achieving or 

restoring dynamic balance.  
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Table 4.1 Extensions of definitions of static balance terms provided by Pollock et al. to 
encompass dynamic situations 

Static case Dynamic case  
Term Pollock definition Term Extension to definition 

Balance A multidimensional 
concept, referring to the 
ability of a person not to 
fall 

Dynamic 
balance 

A multidimensional 
concept, referring to the 
requirement to adapt 
posture effectively over 
time to achieve a task goal 
in the presence of non-
static internal or external 
forces or accelerations.   
 

Postural 
control 

The act of maintaining, 
achieving or restoring a 
state of balance during 
any posture or activity 

Dynamic 
postural 
control 

The process of making 
postural adjustments to 
manipulate internal and 
external forces and 
torques, the centre of 
mass, or base of support to 
maintain, achieve or 
restore dynamic balance. 
 

Stability The inherent ability of a 
person to maintain, 
achieve or restore a 
specific state of balance 
and not to fall. The 
inherent ability referring 
to the motor and sensory 
systems and to the 
physical properties of the 
person 

Dynamic 
postural 
stability 

The inherent ability of a 
person to maintain, 
achieve or restore dynamic 
balance for a specific task. 
The inherent ability 
referring to the organismic 
constraints. 

 
 
 

4.3 Analysis of existing taxonomies 

In addition to the broad terms, the inherently task specific and multidimensional nature 

of dynamic balance suggested that further work was needed to determine whether 

previously identified taxonomies in Chapter 2 proposed by Huxham et al. (2001) and 

Pardasaney et al. (2013) were suitable as a classification system. All existing dynamic 

balance tests and individual balance items within each test were extracted from the 

papers identified in Section 3.3. When the test method was unobtainable from the 

original article, secondary sources were used. Where measure content could not be 

obtained, the measure was not included in the analysis (Pardasaney et al., 2013). Two 
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existing taxonomies (Huxham et al., 2001; Pardasaney et al., 2013) presented in Table 

4.2 and Figure 4.1 respectively, were used to classify existing balance tests to determine 

their suitability as a classification system (Appendices D and E).  

 

4.3.1 Classification of tests through exiting taxonomies 

Difficulties identified through the classification of existing tests using the taxonomies of 

Huxham et al. (2001) and Pardasaney et al. (2013) are presented below. When 

classifying the existing tests with the model set forth in Huxham et al. (2001) there was 

not enough separation of the individual items to differentiate between the individual 

and environmental constraints. For this reason, tests with very different balance 

demands were classified under the same category. Where tests had multiple 

components, the test could be classified in multiple categories. The model of Huxham 

et al. (2001) did not allow categorisation of interactions with equipment/other people. 

 
 

Table 4.2 Classification of clinical balance tests according to biomechanical demands 
using the taxonomy proposed by Huxham et al. (2001). 

 Stationary Base of Support Moving Base of Support 

Unperturbed 
 

Timed standing 
Steadiness in standing 

10m walk, whether times 
or qualitative 

Self-generated 
perturbations 

Performance-Oriented 
Assessment – balance (most 
items) 
Berg Balance Scale (most 
items) 
Step test 
Functional Reach 
Reach test 

Performance-Oriented 
Assessment – mobility 
Times up and Go 
Dynamic Gait Index 
Performance-Oriented 
Assessment – balance 
(turn item) 
Performance-Oriented 
Mobility Assessment 
Instrument 
Functional Obstacle 
Course 

External perturbation Performance-Oriented 
Assessment – balance (sternal 
thrust item) 
Postural Stress Test 
Shoulder Tap Test 
Clinical Test of Sensory 
Integration and Balance 

 

Sensory manipulation 
or perturbation 

 Performance-Oriented 
Mobility Assessment 
Instrument 
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Figure 4.1 Classification criteria presented by Pardasaney et al. (2013) 
 

 

The taxonomy of Pardasaney et al. (2013) provided classification criteria which allowed 

better differentiation of individual and environmental constraints. There were also 

operational definitions provided to assist with interpretation of the criteria (figure 4.2). 

The taxonomy of Pardasaney et al. (2013) was developed from balance tests used on 

community-dwelling older adults and has to not been used to classify a large range of 

different balance tests. The wide range of dynamic balance tests extracted in Chapter 3 

challenged this tool in that it failed to recognise or be able to differentiate several 

aspects.  It was difficult to identify exactly which item within multi-component tests was 

classified in each category. For example, the Berg Balance scale includes both static body 

stability and dynamic body stability.  
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Figure 4.2 Operational definitions of classification criteria in the taxonomy set forth by 
Pardasaney et al., (2013). 

 
 

Pardasaney et al. (2013) define static body stability within the role of the task as, 

“maintenance of a static posture with no concurrent active movement”. This does not 

account for natural sway. Nor does it consider that static stance may involve different 

types or sizes of supports for example, biped stance or single leg stance, foot flat or 

tiptoes which are not environmental variations. Despite the operational definitions 

provided, it is difficult to interpret where some movements should be classified, for 

example, the classification of hops and jumps. In performing a jump posture changes 

with the phase of the jump so classifying under dynamic body stability would be difficult. 

The classification of gait does not provide a level of detail to be able to differentiate 

between items that may involve walking at different speeds, which is a more balance 
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challenging activity involving larger internal accelerations of body segments. Nor does it 

provide the level of detail needed to classify tests that involve a turn within the motion 

such as in balance beam tests. 

 

Within the environmental variations of the taxonomy of Pardasaney et al. (2013), more 

detail is needed to be able to differentiate the range of environmental constraints that 

were presented in the tests identified in Chapter 3. For example, there is no way of 

identifying the type of variation of the support surface. Pardasaney et al. (2013) define 

the variation of support surfaces to include the BoS. However, the BoS is not an 

environmental constraint. Any change in the BoS is related to postural equilibrium thus 

variations in the BoS should come under a separate classification. An example of this is 

the difficulty that arises when determining how to categorise the forward lunge test. 

The test starts and concludes in the same place so it does not include locomotion, yet 

there is a change in position and using the definitions provided by Pardasaney et al. 

(2013) it could be classified as gait. There is a change in the BoS similar to that which 

occurs in walking, moving from one support limp to two support limbs. Another example 

is the change in the BoS that occurs in the BESS which cannot be classified using the 

taxonomy of Pardasaney et al. (2013). Object interaction is an independent category 

within this tool, but one could argue that it is an environmental constraint and should 

be classified as such. Pardasaney et al. (2013) define external forces as the application 

of, or sudden removal of, external forces. There is some crossover with the 

environmental variation of support surfaces within this category: if for example, the 

external force is applied by a translating floor, which occurs in the Limits of Stability test. 

Furthermore, if external forces are being accounted for, it is also of interest to be able 

to classify internal forces as the proposed definitions of dynamic balance and dynamic 

postural control in Section 4.4.1 refer to internal forces. Pardasaney et al. (2013) 

definition of moving people and objects is the “presence of moving people or objects in 

the environment”. This category should specify whether these moving objects are or are 

not related to the support surface. Additionally, there can be moving objects that are 

not in the physical environment, for example, the use of tests that involve controlling 

the position of the CoP, which is displayed on a screen, and the use of virtual reality. 

Finally, there were no categories that allow classification of items that challenge 
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perception or action for example the use of medication, neurostimulation, anaesthesia, 

and limb cooling.  

 

4.4 Development of a new taxonomy 

The difficulties identified with classifying tests in the existing two taxonomies 

established the need for the development of a new taxonomy. The BMC (Bloomfield et 

al., 2004) was used to identify all common movements that can occur in sport due to its 

use in football and netball. This was to ensure that the taxonomy would represent task 

and environmental constraints for football players. Additionally, consultation with 

researchers with expertise in running, gymnastics, cycling and capoeira were sought to 

ensure a comprehensive range of task and environmental constraints were considered 

for other sports and everyday tasks. A four-level taxonomy was produced in line with 

Gentile’s taxonomy of tasks and Newell’s Constraints model, building on the taxonomies 

of Huxham et al. (2001) and Pardasaney et al. (2013), with level headings:  

 

• Postural equilibrium challenges 

• Destabilising challenges (challenging posture)  

• Challenging perception  

• Challenging action.  

 

Postural equilibrium challenges refers to self-initiated movements of constant velocity, 

repeatable patterns of motion or when the body is at rest. Destabilising challenges are 

internal and/or external accelerations, and object interactions that challenge the CoM 

of the body and are occurring in addition to the movement identified within the postural 

equilibrium challenge. Challenging perception relates to the introduction of visual, 

vestibular, proprioceptive and cognitive processing tasks. Challenging action refers to 

items that influence the performance of the action. The new taxonomy is presented in 

Figure 4.3. New classifications were created where the existing classification systems 

lacked appropriate categorisation. Each outcome at each level of the classification was 

given a code by which balance tests and movements could be classified. All existing 

dynamic balance tests were classified through the new taxonomy and assessed by 

another researcher for agreement (Appendix F). A glossary was produced to provide a 
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reference for the terms used (Appendix G). For demonstrative purposes, the starting 

point and direction through the taxonomy, using a single leg hop (that commences and 

finishes on the same leg) as an example movement, is presented with red boxes and 

arrows. A single leg hop is classified as follows: 

 

• Postural equilibrium challenges 

PE11: A non-static base of support, with flight, no change in point of support, with one 

support in contact with the reference surface P11, D2, D5, P1 and A1 

 

• Destabilising challenges 

D2: Suprapostural acceleration of the whole body vertically 

D5: Suprapostural acceleration of the whole body anteriorly 

 

• Challenging perception 

P1: None 

 

• Challenging action 

P1: None 
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Figure 4.3 Four-level taxonomy for balance component analysis and identification of 
appropriate balance tests. a) Postural equilibrium challenges, b) Destabilising 
(challenging posture), c) challenging perception, d) challenging action. The red boxes 
and arrows refer to the path taken to classify  
 

 

In the new taxonomy the first level, postural equilibrium challenges, refers to 

movements of the base of support challenging overall posture and has 18 classifications 

denoted by PE followed by a number. It is split into two levels, the first a static base of 

support and the second, a non-static BoS. Static BoS has one level, the number of 

supports: one, two or more than two, where more than two might be the use of another 

limb or a walking aid. The non-static BoS, is further refined into flight or no flight. Flight 

splits into two pathways. One pathway where the point of support changes during the 

movement, for example one leg to another, or two legs to two hands. This pathway 

further splits into two options of whether there is a change in the number of supports 

in contact with the support surface or not. The second pathway in the non-static BoS 

involving flight involves the point of support remaining the same during movement, for 

example, the same leg whilst hopping or the same two legs during jumping. No flight 

has two pathways: One involves a change in the number of supports in contact with the 

support surface and alternative does not involve a change in the number of supports. 

Table 4.2 provides examples of positions and/or movements that might occur at each 

level of the classification. The second level of the taxonomy, destabilising (challenging 
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posture) has 47 classifications. External forces within this level do not include those that 

come from a change in the support surface. Virtual objects are the presence of objects 

in the virtual environment that provide feedback and/or stimulation during a task. Table 

4.3 provides examples of destabilising challenges for each classification. The third level, 

challenging perception, has 15 classifications and includes classifications that change the 

way we perceive the environment, where the ability of the visual and vestibular systems, 

proprioceptive and cognitive processing are categorised. Table 4.4 provides examples of 

perceptual challenges. The fourth level, challenging action, has four classifications and 

categorises items that influence the perception of the environment and therefore affect 

the ability to perform a task.  

 

All individual items within balance tests were successfully classified at all levels. At the 

postural equilibrium level individual items were uniquely classified as they represent the 

task constraint. At the other levels, it was possible for individual items within each test 

to be classified multiple times as these were the environmental constraints. There were 

some classifications for which no dynamic balance conditions were coded for because 

they did not present in any of the existing tests.  
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Table 4.2 Examples of postural equilibrium positions and movements 

Classification 
Code 

Classification Example 

PE 1 Static, unipedal BoS Single leg stance 

PE 2 Static, bipedal BoS Double support stance 

PE 3 Static, multiple support BoS More than two body parts providing support 
on the support surface or two limbs and an 
assistive device such as a walking stick 

PE 4 Non-static BoS involving flight with one support making contact with the support 
surface, where the support changes from limb to limb 

Running 

PE 5 Non-static BoS involving flight with two supports making contact with the support 
surface, where the supports change from limb to limb 

Flick-Flack 

PE 6 Non-static BoS involving flight with more than two supports making contact with 
the support surface, where these supports change with each contact with the 
support surface 

Jump with walking poles 

PE 7 Non-static BoS involving flight where the point of support in contact with the 
support surface changes during the movement from 1-2 supports 

Hopscotch 

PE 8 Non-static BoS involving flight where the point of support in contact with the 
support surface changes during the movement from 1->2 supports 

Hop onto surface and land on all fours 

PE 9 Non-static BoS involving flight where the point of support changes in contact with 
the support surface changes during the movement from 2->2 supports 

Frog jump 

PE 10 Non-static BoS involving flight where the point of support changes in contact with 
the support surface changes during the movement from 1-2->2 supports 
 

Running with poles 
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Classification 
Code 

 
 
Classification 

 
 
Example 

PE 11 Non-static BoS involving flight with the same uniped point of support making 
contact with the support surface 

Hops 

PE 12 Non-static BoS involving flight with the same biped points of support making 
contact with the support surface 

Jumps 

PE 13 Non-static BoS involving flight with the same multiple points of support making 
contact with the support surface 

Frogs 

PE 14 Non-static BoS, no flight, where the number of supports in contact with the support 
surface change from 1-2. 

Walk/cartwheel 

PE 15 Non-static BoS, no flight, where the number of supports in contact with the support 
surface change from 1->2. 

Walking with crutch 

PE 16 Non-static BoS, no flight, where the number of supports in contact with the support 
surface change from 2->2. 

Jumping with frame 

PE 17 Non-static BoS, no flight, where the number of supports in contact with the support 
surface change from 1-2->2. 

Walking with a frame 

PE 18 Non-static BoS, no flight, where the number of supports in contact with the support 
surface do not change. 

Rolling 
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Table 4.3 Examples of destabilising challenges 

Classification 
code 

Classification Example 

D 1 No destabilising challenges present None 

D 2 A vertical supra-postural acceleration of the whole body Squat 

D 3 A lateral supra-postural acceleration of the whole body Side lunge 

D 4 A rotational supra-postural acceleration of the whole body Pirouette 

D 5 An anterior-posterior supra-postural acceleration of the whole body Lunge 

D 6 A supra-postural acceleration resulting from a push/pull movement of the upper 
limb  

Opening a door 

D 7 A supra-postural acceleration resulting from a reaching movement of the upper 
limb  

Reaching for an object 

D 8 A supra-postural acceleration resulting from a strike/throw movement of the upper 
limb 

Throwing a ball 

D 9 A supra-postural acceleration resulting from a lifting or lowering movement of the 
upper limb 

Lifting arms above head 

D 10 
 

A supra-postural acceleration resulting from a reaching movement of the lower 
limb 

Reaching for a ball 

D 11 A supra-postural acceleration resulting from a swing/strike movement of the lower 
limb 

Swinging the leg prior to kicking a ball 

D 12 A supra-postural acceleration resulting from a lifting/lowering movement of the 
upper limb 

Lifting leg before stepping up 

D 13 A supra-postural acceleration resulting from a bending of the trunk Bending down 

D 14 A supra-postural acceleration resulting from a rotation of the trunk Rotation during a golf swing 
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Classification 
code 

Classification Example 

D 15 A supra-postural acceleration resulting from a head rotation Turning to change angle of view 

D 16 A supra-postural acceleration resulting from a head nod Movement to change angle of view 

D 17 An external force due to a deviation of the reference surface involving a rotational 
imposed acceleration 

Neurocom SMART Equitest system 

D 18 An external force due to a deviation of the reference surface involving a horizontal 
imposed acceleration 

Chattecx Balance System  

D 19 An external force due to a deviation of the reference surface involving a vertical 
imposed acceleration 

Vertically raising platform/elevator 

D 21 An external force due to a deviation of the reference surface involving an 
inclination of the support surface without an imposed acceleration 

Ramp 

D 22 An external force due to a deviation of the reference surface involving a reduced 
size of support surface without an imposed acceleration 

Beam 

D 23 An external force due to a deviation of the reference surface where the surface 
interaction resists motion and is uneven 

Grass 

D 24 An external force due to a deviation of the reference surface where the surface 
interaction allows a sliding motion in a single degree of freedom 

 Ice in a single direction 

D 25 An external force due to a deviation of the reference surface where the surface 
interaction allows a rotation around the vertical axis 

Playground round-about 

D 26 An external force due to a deviation of the reference surface where the surface 
interaction allows a rotation around the horizontal axis 

Rotation around a bar 

D 27 
An external force due to a deviation of the reference surface where the surface 
interaction allows movement in multiple degrees of freedom 

Gym exercise ball 



 

85 
 

Classification 
code 

Classification Example 

D 28 An external force due to a deviation of the reference surface where a low friction 
surface allows movement in multiple degrees of freedom  

 Highly glossed support surface 

D 29 An external force due to a deviation of the reference surface where low friction 
surface allows movement in multiple degrees of freedom 

 Foam surface 

D 30 The application of a vertical predictable/voluntary imposed external force  Releasing from suspension 

D 31 The application of a lateral predictable/voluntary imposed external force  Inside a vehicle going around a bend 

D 32 The application of an anterior-posterior predictable/voluntary imposed external 
force 

 Inside a vehicle accelerating 

D 33 The removal of a vertical predictable/voluntary imposed external force  Releasing from suspension 

D 34 The removal of a lateral predictable/voluntary imposed external force  Inside vehicle coming out of a bend 

D 35 The removal of an anterior-posterior predictable/voluntary imposed external force  Inside a vehicle decelerating 

D 36 The application of a vertical imposed external force  Releasing from suspension 

D 37 The application of a lateral unpredictable/involuntary imposed external force  Inside a vehicle going around a bend 

D 38 The application of an anterior-posterior unpredictable/involuntary imposed 
external force 

 Inside a vehicle accelerating 

D39 The removal of a vertical unpredictable/involuntary imposed external force  Releasing from suspension 

D40 The removal of a lateral unpredictable/involuntary imposed external force  Inside vehicle coming out of a bend 

D 41 The removal of an anterior-posterior unpredictable/involuntary imposed external 
force 

 Inside a vehicle decelerating 

D 42 A real object interaction involving negotiating a fixed object Stepping over stationary object 
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Classification 
code 

Classification Example 

D 43 A real object interaction involving negotiating a moving object Stepping over non-stationary object 

D 44 A virtual object interaction involving an application of force Virtually simulated push 

D 45 A virtual object interaction involving a removal of force Virtually simulated release 

D 46 A virtual object interaction involving negotiating a fixed object Stepping over stationary virtual object 

D 47 A virtual object interaction involving negotiating a moving object Stepping over non-stationary virtual object 
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Table 4.4 Examples of perception challenges 

Classification Example 

P 1 No challenge involved 

P 2 Caren Gait system 

P 3 Blacked out lens  

P 4 Goggles 

P 5 Low level lighting/no light 

P 6 rapid head movements 

P 7 Transcutaneous electrical stimulation 

P 8 Stimulation of the ear nerves 

P 9 Vibration plate 

P 10 Cochlea implant 

P 11 Ice bath 

P 12 Textured insoles 

P 13 Ankle brace 

P 14 Feedback 

P 15 Dual task 

 
 
The classification of all balance tests ensures that the taxonomy is robust enough to 

cover all previously identified task goal and environmental constraints. Additionally, by 

classifying all dynamic balance tests it provides a method to determine sport-specific 

tests of dynamic balance.  

 

Figures 4.4 and 4.5 present the frequency of balance measures for postural equilibrium 

challenges and destabilising challenges, respectively. The highest frequency of postural 

equilibrium challenges was a non-static base of support, with no flight and a change in 

supports from 1 to 2; equivalent to walking. Following this was a static base of support 

with two supports, equivalent of stance; then a static base of support with one support, 

equivalent of single leg stance. Five postural equilibrium challenges within the taxonomy 

did not have any components of any tests classified against them. The next most 

frequent components with destabilising challenges were categorised as a whole body 

suprapostural vertical acceleration (23 test components) and an external force with a 

deviation from the reference surface with a change in the size of the support (17 test 

components). Figure 4.6 displays components of dynamic balance tests that involved a 
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perceptual challenge. Most tests did not involve perceptual challenges. The perceptual 

challenges identified involved movement of a visual surround, blocked vision, dual tasks, 

distorted vision, textured insoles and responding to a command to modify a primary 

task.  

 

 

Figure 4.4 Frequency of components of dynamic balance tests classified by postural 
equilibrium challenge using the newly proposed taxonomy 
 

 

 

 

Figure 4.5 Frequency of components of dynamic balance tests classified by 
destabilising challenge using the newly proposed taxonomy. D20 is missing due to an 
error in numbering 
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Figure 4.6 Frequency of components of dynamic balance tests classified by perceptual 
challenge using the newly proposed taxonomy 
 

 

 

4.5 Discussion 

The results of this body of work identified that most dynamic balance tests used in the 

literature involve movements akin to walking gait. There is a possibility that this is due 

to multi-components tests having a high frequency of gait related items for example, 

walking gait in: the TUG, the Dynamic Gait Index and the Locomotor sensory 

Organisation Test. Additionally, where tests were named as walking gait but had 

different methodologies, these were recorded within the results as separate tests which 

would have increased the number of tests recorded as individual tests involving walking 

gait. The next highest frequency classifications both involve a static base of support. 

There were seven classifications for which no dynamic balance tests were classified. This 

suggests that there are tasks that involve components of postural equilibrium challenges 

that have never been tested for. It is difficult to determine whether this is because they 

have not been identified as a component of dynamic balance in previous research or 

whether the limitation of key words to titles in the literature search may have missed 

instances where these movements have been tested.  

 

Although the importance of incorporating task and environmental conditions with 

varying complexity has been previously emphasised (Huxham et al., 2001; Shumway-
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Cook & Woollacott, 2007), 62 out of 301 components of tests did not involve any 

destabilising challenges. It has been suggested that evaluations should include the use 

of a broad range of activities based on a framework of task and environmental 

complexity to be representative of activities of daily living (Gentile, 1987) and this would 

present a more representative design (Davids et al., 2013; Pinder et al., 2011). The most 

frequent components with destabilising challenges were categorised as a whole body 

suprapostural vertical acceleration (23 test components) and an external force with a 

deviation from the reference surface with the deviation being a change in the size of the 

support (17 test components). There were 23 classifications that existing tests had no 

components for. The results of this body of work identify that a range of destabilising 

challenges that arise from the environment are missing from existing tests or they have 

not been assessed as being important. The new taxonomy provides a method by which 

future researchers and clinicians can determine how the movements of interest relate 

to existing tests and determine the most appropriate tool for the population of interest. 

 

Another interesting finding of this study is that the most common dynamic balance tests 

used in sport, and more specifically football, are the SEBT, LQ-YBT, single leg stance and 

perturbed single leg stance. Table 4.7 displays the classification from the results of this 

study for the aforementioned tests. Football rarely involves isolated movements where 

a single stance leg is non-moving. Additionally, there are many environmental 

constraints within football that should be varied and assessed with tests. It is not 

practicable to test every single environmental aspect (Pardasaney et al., 2013) 

therefore, it is of interest to identify the components of balance important for football. 

Classifying the most important movements for football performance would identify 

sport specific dynamic balance tests. 
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Table 4.7 Classification of postural equilibrium and destabilising challenge for the most 
common dynamic balance tests used in football 

 

 

4.4 Limitations  

There are some limitations of this research. Although an extensive literature search was 

conducted in Section 3, there is a possibility that some balance measures were not 

identified if they were presented in papers that did not have the balance terms: dynamic 

balance, dynamic postural control and dynamic postural stability in the title or were 

outside of the search time window. As a result, some balance tests may not have been 

included. However, the number of papers included in the study in Chapter 3 is large and 

the use of additional researchers with expertise in a range of sports as well as the use of 

previous taxonomies and the BMC, provides confidence that the proposed taxonomy is 

robust.  

 

 

4.5 Conclusions 

The newly proposed taxonomy, presented in Figure 4.4  has drawn on both models set 

forth by Huxham et al. (2001) and Pardasaney et al., (2013) as well as considering 

Newell’s constraints model. It provides a more detailed approach to be able to 

differentiate the range of different components of balance considering the task and the 

environment within tests and has extended the work of Pardasaney et al. (2013). This 

new taxonomy together with the classification of all existing dynamic balance tests have 

Test Postural Equilibrium Classification 
Destabilising Challenge 
Classification 

SEBT non-moving base of support, one 
support 

Supra-postural acceleration, lower 
limb, reaching 

LQ-YBT non-moving base of support, one 
support 

Supra-postural acceleration, lower 
limb, reaching 

Single leg 
stance 

non-moving base of support, one 
support 

No destabilising challenges 

Perturbed 
single leg 
stance 

non-moving base of support, one 
support 

External force, imposed forces, 
predictable/voluntary, application of 
A-P, lateral 
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significant practical applications. The classification of existing tests through the 

taxonomy provides a more detailed and comprehensive profile of all existing dynamic 

balance tests. The taxonomy also provides a method by which any new tests can be 

profiled. By also providing a method of movement classification, it provides a tool by 

which appropriate measures can be chosen that align with existing tests. Additionally, it 

provides a tool whereby researchers and clinicians can identify the strengths and 

limitations within each test in terms of task goal, environmental challenges, perceptual 

challenges and action challenges to recognise representative assessments that are 

adequately challenging for the population being tested. The taxonomy provides a tool 

to be able to classify movements that are considered important in football and align 

them with existing dynamic balance tests to provide sport specific tests to be used in 

Chapter 6. 

 

This body of work proposes a new set of definitions for the most common terms used 

to describe dynamic balance (dynamic balance, dynamic postural control and dynamic 

stability) that consider Newell’s constraints model. It is recommended that future 

research in this field refers to these definitions. 
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Chapter 5 Important measures of dynamic balance in football 

 

5.1 Introduction 

Chapter 3 identified that most existing tests of dynamic balance are static in nature, 

have predictable environments and inadequately represent postural control demands 

in sport specific situations involving complex and dynamically changing environments. 

Static balance is essential in sports such as shooting and archery where the BoS remains 

unchanged (Ball et al., 2013; Mononen et al., 2007; Sattlecker et al., 2014). However, 

sports such as football involve a wide range of different movements such as 

accelerations and decelerations, changes of direction and the application and removal 

of forces from opponents and the ball (Bloomfield et al., 2004; Zemková, 2014). Popular 

dynamic balance tests in football such as the SEBT, YBT and single leg stance are static 

in nature as they involve a static BoS. They have been justified in the research as being 

specific to football as kicking and reaching for a ball involve balancing on one limb 

(Paillard et al., 2006) however, this is not representative of kicking because it is not an 

isolated movement and the sport requires quick movements and reactions. Additionally, 

the performance related outcome variables do not provide information pertaining to 

control strategy. There is evidence that athletes have better balance than non-athletes 

and higher skilled athletes show better performance than lower level athletes (Bhat & 

Moiz, 2013; Bressel et al., 2007; Davlin, 2004; Gerbino et al., 2007; Kioumourtzoglou et 

al., 1997; Perrin et al., 2002; Thorpe & Ebersole, 2008) however the tests used to assess 

balance can be considered inappropriate as discussed in Chapter 3. Many of the reasons 

explaining better performance or differences in performance of athletes of particular 

sports or different levels is the training experience (Balter et al., 2004; Bressel et al., 

2007; Davlin, 2004;  Kioumourtzoglou et al., 1997; Perrin et al., 2002; Thorpe & Ebersole, 

2008), the nature of the movements involved (Kioumourtzoglou et al., 1997; Perrin et 

al., 2002) or how proprioceptive and visual cues are handled by the participant (Ashton-

Miller et al., 2001). 

 

As a result, these inadequacies were addressed, and a taxonomy was developed to 

encompass the multi-dimensional aspects of dynamic balance. The new taxonomy 

classifies movements of everyday living and sport. Chapter 4 classified all existing 
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balance tests identified in Chapter 3. It was of interest to determine what movement 

demands exist in football and which of those movements are considered important for 

success of the game. It was also of interest to determine whether these important 

movements could be aligned with existing balance tests. 

 

Previous literature has ascertained that balance is multi-dimensional and that there are 

different components of balance (Pollock et al., 2000). There is also the argument that 

testing should be representative of the sport (Pinder et al., 2011). To the author’s 

knowledge dynamic balance testing within sport and in particular football has not 

considered the specificity of tests in terms of the task goal, environmental and individual 

constraints. Chapter 4 identified that existing taxonomies of classifying balance tests 

(Huxham et al., 2001; Pardasaney et al., 2013) were inadequate due to their limited 

application within falls and community dwelling older adult populations and extended 

the work of Pardasaney et al. (2013) to provide a taxonomy through which important 

movements pertaining to a sport or activity could be determined and matched with 

existing dynamic balance tests of the same classification. This taxonomy provides a sport 

specific measure of dynamic balance that references Newell’s model of constraints 

(Newell et al., 1989) through the consideration of task goal and environmental 

constraints. Chapter 4 reported the classification of all identified existing dynamic 

balance tests. This chapter firstly, details an investigation into movements that are 

important for football performance and secondly uses the taxonomy from Section 4 to 

guide the selection of the most appropriate measures to quantify dynamic balance. 

 

 

5.1.1 Aims and Objectives 

The aim of this chapter was to identify common physical movements in football and use 

these to determine which of these movements are considered by experts as important 

for success in the game. The outcome of this work was to provide a set of movements 

to be put through the movement taxonomy in Chapter 6, to determine which balance 

test they best align with and subsequently use in testing in Chapter 7.  
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Objectives: 

• Identify important physical movements in football  

• Use a panel of experts to rank these movements to identify those that are 

important for success in the game  

• Identify existing balance tests that align with these important movements to 

identify sport specific measures of dynamic balance 

 

 

5.2 Method 

5.2.1 Participants 

All procedures were approved by Sheffield Hallam University Ethics Committee. 15 

football professional participants with 6.9 ± 5.4 (mean, SD) years elite level experience 

were recruited via email through convenience sampling. Inclusion criteria were that 

respondents worked in the following roles: medical (n = 2), performance analysis (n = 3) 

or coaching staff (n = 10) in professional football at Football League levels: Premiership 

(n = 1) and Championship (n = 14). All participants provided written informed consent 

(Appendix H). 

 

 

5.2.2 Research Protocol 

A questionnaire was developed and piloted through consultation with professional 

football coaches, performance analysts and players and is presented in appendix I. A 

glossary of terms, presented in appendix J, was provided with the questionnaire to 

ensure all respondents understood the questions alike. The questionnaire contained 49, 

closed pre-coded questions with a 3 category Likert scale: 1: disagree, 2: agree, 3: 

strongly agree. Participants were required to enter a number 1-3 that represented their 

expert opinion on how the movement in each question related to each of the four 

performance categories: Creating a goal scoring opportunity; defending around the box; 

winning a tackle/regaining possession; and injury risk.  

 

 



 

96 
 

5.2.3 Analysis 

Each movement of each question was grouped on responses for all four performance 

categories. The taxonomy developed in Chapter 4 was then used to categorise each 

movement for postural equilibrium and destabilising challenges. Each individual 

movement was classified by one postural equilibrium item, but it was possible to have 

multiple destabilising challenge items. The movements that fell under the same 

classification were then grouped together as the same components of dynamic balance. 

The total score of 3s and 2s for each classified group were summed. The three highest 

totals for the classified groups were chosen as the most important dynamic balance 

components. It was then determined which existing tests aligned with these dynamic 

balance components. Microsoft Excel (Microsoft Office 2011, Microsoft Corporation, 

USA) was used to record classifications and apply the points system.  

 

 

5.3 Results 

5.3.1 Classification of movements 

The most common classification of postural equilibrium was a non-static base of support 

with no flight and a change in number of supports from one to two or vice versa (PE 14), 

for example walking, with 12 movements classified in this way (Figure 5.1). There were 

9 movements that were classified either as a non-static base of support involving flight, 

with a change in points of support remaining as one (PE 4), for example running. There 

were 9 movements that were classified as a non-static base of support involving flight, 

with a change in points of support from one to two or vice versa (PE 7), for example hop 

scotch. 
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Figure 5.1 Frequency of classification of movements in football for postural equilibrium 
as classified using the new taxonomy proposed in Chapter 4. 
 

A vertical supra-postural acceleration of the whole body and an anterior-posterior 

supra-postural acceleration of the whole body were the highest classified 

destabilisations with 23 instances each displayed in figure 5.2. This was followed by a 

predictable or voluntary application of an imposed external force laterally (such as that 

experienced in a shoulder barge) with 20 classifications. 

 

 

Destabilising challenge classification 

Figure 5.2 Frequency of movements classified in football for destabilising challenges 
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5.3.2 Dynamic balance components 

The results in Table 5.4 show that the most points were allocated to shielding the ball, 

a shoulder barge whilst running, jostling to win the ball and shielding the ball whilst 

jostling with 285 points, followed by accelerating and braking with 161 points, and a 

single leg kick or standing volley with 144 points.  Shielding the ball, a shoulder barge 

whilst running, jostling to win the ball and shielding the ball whilst jostling were classified 

as PE14 for postural equilibrium and D31, D32, D37 and D38 for destabilising challenge. 

Within the taxonomy in Chapter 4 this relates to non-static BOS, no flight with a change 

in supports from 1-2 or vice versa, with a predictable or voluntary application of an 

imposed external force laterally and anterior-posteriorly, and an unpredictable or 

involuntary application of an imposed external force laterally and anterior-posteriorly.  

Accelerating and braking was classified as PE4 for postural equilibrium and D5 for 

destabilising challenge This relates to a non-static BOS, no flight with a change in 

supports from 1-2 or vice versa with a whole body suprapostural acceleration in the 

anterior/posterior direction.  Kicking the ball was classified as PE14 for postural 

equilibrium and D5 and D32 for destabilising challenge. This relates to a non-static BOS, 

no flight with a change in supports from 1-2 or vice versa with a suprapostural 

acceleration of the lower limb involving a swing and a predictable or voluntary 

application of a predictable/voluntary imposed external force anterior-posteriorly. 
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Table 5.4 Football movements classified using the new taxonomy proposed in Chapter 4. Rankings of 3 (strongly agree), 2 (agree) and their totals by 
football professionals via a questionnaire relate to responses that the movement is important in the four performance categories: Creating a goal scoring 
opportunity, defending around the box, winning a tackle/regaining possession, and injury risk. Information in the table is ordered numerically by postural 
equilibrium challenge. 

Performance category and 
question number 

Football Movement Postural equilibrium Destabilising challenge No. of 3s No. of 2s Total 

A31, B31, C31, D31 Single leg kick PE1 D11, D32 27 29 
144 

A32, B32, C32, D32  A standing volley PE1 D11, D32 15 31 

A34, B34, C34, D34 Single leg balance whilst 
manipulating the ball 

PE2 D10, D11, D31, D32 16 15 47 

A35, B35, C35, D35 Receiving a ball PE2 D10, D31, D32 17 18 52 

A36, B36, C36, D36 Heading PE2 D15, D16, D31, D32,  34 19 87 

A48, B48, C48, D48 A shoulder barge while standing PE2 D3, D31, D37 24 24 72 

A12, B12, C12, D12 A squat with outstretched leg  PE2 D2, D10 7 32 46 

A11, B11, C11, D11 Squat PE2 D2 7 28 42 

A37, B37, C37, D37 Chesting  PE2 D32 13 34 60 

A13, B13, C13, D13 accelerating PE4 D5 22 29 
161 A14, B14, C14, D14 

 
 

braking PE4 D5 32 24 

A2, B2, C2, D2 Running with a turn PE4 D4 21 32 
135 

A4, B4, C4, D4 Running in an arc PE4 D4 10 41 
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Performance category and 
question number 

Football Movement Postural equilibrium Destabilising challenge No. of 3s No. of 2s Total 

A33, B33, C33, D33 A volley whilst running  PE4 D11, D32 15 31 61 

A6, B6, C6, D6 Dribbling PE4 D5, D11, D31, D32 15 9 39 

A3, B3, C3, D3 Running whilst rotating the trunk  PE4 D14 14 34 62 

A5, B5, C5, D5 Running with a cutting/sidestepping 
movement  

PE4 D3, D5 20 28 68 

A1, B1, C1, D1 running straight line PE4 D1 10 35 55 

A42, B42, C42, D42 Shielding the ball  PE4 D31, D32, D37, D38 21 26 
 

A49, B49, C49, D49 A shoulder barge whilst running  PE4 D31, D32, D37, D38 21 29 285 
  A40, B40, C40, D4 Jostling to win the ball  PE4 D31, D32, D37, D38 24 30 

A41, B41, C41, D41 
  

Shielding the ball whilst jostling  PE4 D31, D32, D37, D38 18 32 

A39, B39, C39, D39 Jockeying  PE4 D3, D4, D5 23 17 63 

A44, B44, C44, D44 A scissor kick  PE5 D2, D4, D14 14 21 49 

A16, B16, C16, D16 A two-foot jump single leg landing 
with whole body turn  

PE7 D2, D4, D5 10 39 102 

A28, B28, C28, D28 A hop two leg landing with whole 
body turn  

PE7 D2, D4, D5 1 41 102  

A43, B43, C43, D43 A bicycle kick PE7 D2, D4, D14 12 21 45 

A15, B15, C15, D15 A two-foot jump single leg landing  PE7 D2, D5 11 36 105 

A27, B27, C27, D27 A hop two leg landing  PE7 D2, D5 5 37 105 
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Performance category and 
question number 

Football Movement Postural equilibrium Destabilising challenge No. of 3s No. of 2s 
Total 

A18, B18, C18, D18 A two-foot jump single leg landing 
with head rotation  

PE7 D2, D5, D15 9 43 100 

A30, B30, 30, D30 A hop two leg landing with head 
rotation  

PE7 D2, D5, D15 2 35 100 
  

A29, B29, C29, D29 A hop two leg landing with trunk 
rotation  

PE7 D2, D5, D14 1 32 91 

A17, B17, C17, D17 A two-foot jump single leg landing 
with trunk rotation  

PE7 D2, D5, D14 9 39 91 
  

A25, B25, C25, D25 A hop single leg landing with trunk 
rotation  

PE11 D2, D5, D14 13 31 57 

A23, B23, C23, D23 A hop single leg landing  PE11 D2, D5 8 34 50 

A26, B26, C26, D26 A hop single leg landing with head 
rotation  

PE11 D2, D5, D15 11 34 56 

A24, B24, C24, D24 A hop single leg landing with whole 
body turn  

PE11 D2, D4, D5 11 32 54 

A38, B38, C38, D38 Chesting with a jump  PE12 D2, D32 9 30 48 

 
A19, B19, C19, D19 

 
A two-foot jump two leg landing  

 
PE12 

 
D2, D5 

 
8 

 
41 

 
57 

A20, B20, C20, D20 
  

A two-foot jump two leg landing 
with whole body turn   

PE12 D2, D4, D5 7 44 58 
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Performance category and 
question number 

Football Movement Postural equilibrium Destabilising challenge No. of 3s No. of 2s Total 

A22, B22, C22, D22 A two-foot jump two leg landing 
with head rotation  

PE12 D2, D5, D15 5 48 58 

A21, B21, C21, D21 
A two-foot jump two leg landing 
with head rotation  

PE12 D2, D5, D14 5 44 54 

A47, B47, C47, D47 A feint  PE14 D3, D5 16 14 46 

A10, B10, C10, D10 side lunge PE14 D2, D3 13 41 67 

A7, B7, C7, D7 A lunge forward PE14 D2, D5 19 34 132 

A8, B8, C8, D8 A lunge backwards PE14 D2, D5 12 36 60 

A45, B45, C45, D45 A side block tackle PE14 D4, D31 25 18 68 

A46, B46, C46, D46 A sliding tackle  PE14 D4 23 19 65 

A9, B9, C9, D9 A lunge with outstretched leg  PE14 D2, D5, D10 20 34 74 
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5.3.3 Test Specificity 

There were no existing dynamic balance tests that aligned with the important 

movements identified for football. For shielding the ball, jostling to win, and shielding 

the ball whilst jostling, there were no existing dynamic balance tests that align with 

classifications of PE4, D31, D32, D37 and. For accelerating and braking there were no 

existing tests that aligned with PE4 and D5. For a single leg kick/standing volley, there 

were no existing dynamic balance tests that align with PE1, D11 and D32.  

 

 

5.4 Discussion 

The aim of this investigation was to identify important football movements and their 

dynamic balance components to align these with existing tests that would provide sport 

specificity in dynamic balance testing. Football professionals completed a questionnaire 

to establish which football movements they considered important for success of the 

game. Football movements were classified through the taxonomy in Chapter 4, then 

questionnaire ratings were used to identify those considered most important. Finally, 

the three highest ranked movements were aligned with dynamic balance tests that were 

classified in Chapter 4 to determine sport specific measures for football. To the author’s 

knowledge this is the first study to report an analysis of movements considered 

important to the game of football and then use a taxonomy to classify movements based 

on postural task and environmental constraints 

 

 

5.4.1 Classification of movements 

The present study identifies that shielding and jostling, both involving external forces 

from an opponent, were most important. Following that were accelerating and braking, 

both requiring internal forces, and then a single leg kick or volley which involves both 

internal and external forces. Owing to their varying influence on postural control 

demands, it has been emphasised in previous literature that incorporating task and 

environmental conditions with variable complexity is important (Horak et al., 2009; 

Huxham et al., 2001; Shumway-Cook & Woollacott, 2017). Furthermore the use of a 

broad range of activities based on task and environmental constraints provide more 
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representativeness of performance (Davids et al., 2013; Gentile, 1987; Pinder et al., 

2011). An observation of this study was that only one of the three football movements 

identified involved a static base of support. This confirms that the previous use of 

common tests in football involving a static base of support with no environmental 

constraints are inappropriate. Where the single leg kick or volley was identified as having 

a static BoS it involved additional environmental constraints that previous tests of 

dynamic balance in football have not addressed. Whilst the BMC (Bloomfield et al., 

2004) identified in Chapter 2 identifies that the physical demands of football it does not 

take into consideration the types of movements that occur in interactions with 

opponents and does not consider how these movements relate to success of the game 

or injury risk. The present study has identified that there are movements with task goal 

and environmental constraints that are not identified in the physical demands of the 

game but may be important in terms of performance and dynamic balance.  

 

 

5.4.3 Test Specificity 

These results highlight the lack of tests available that address the components of 

balance identified as important in football. The movements classified in the present 

study demonstrate that the postural equilibrium classifications of movements in football 

were mostly categorised as involving a moving base of support. Additionally, 

destabilising challenges were often more complex than just the movement of the non-

stance limb as in the case of the popular dynamic balance tests in football. All of the 

common measures of dynamic balance in football (Table 4.7, Section 4.3) involve a 

postural equilibrium classification of a single leg, non-moving BoS however, most of the 

football movements classified involved a moving BoS and two of the three groups of 

important movements involved a moving BoS. No test categorised in the taxonomy 

developed in Chapter 4 matched the categories of the important football movements at 

the postural equilibrium level nor the destabilising challenge level of the taxonomy. This 

provides insights into task goal and environmental constraints that should be 

incorporated into new measures to provide more representative and comprehensive 

assessments of dynamic balance. 
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Common tests of dynamic balance: SEBT, YBT and single leg stance, have been used to 

demonstrate that footballers have performed better than other athletes and controls 

(Bressel et al., 2007; Davlin, 2004; Khuman et al., 2014; Matsuda et al., 2017; Teixeira et 

al., 2011). However there is inconsistency within these studies as they have also 

demonstrated that footballers perform similarly to other athletes and non-controls 

(Bressel et al., 2007; Davlin, 2004; Matsuda et al., 2017). These common methods of 

dynamic balance assessment in football were classified through the newly developed 

taxonomy in Chapter 4 and it was identified that they do not align with any of the 

football movements identified in the present study. Furthermore, only the perturbed 

single leg stance presents with any of the environmental constraints identified in the 

destabilising challenges of the important movements in football but does not align with 

the postural equilibrium classification. These common tests can therefore be considered 

as not sport specific by way of classification. It is necessary to develop more appropriate 

dynamic balance tests that align with the task goal and environmental constraints of the 

important football movements through the taxonomy levels postural equilibrium and 

destabilising challenges. 

 

The results of this work demonstrate that new measures are required to account for the 

range of task and environmental constraints identified above. It is of interest to 

determine whether newly created measures can differentiate for skill level. 

 

 

5.5 Limitations 

This study has limitations that require consideration. Movements identified as 

important may differ at different competition levels of the game. Most of the 

questionnaire responses were from Championship level football professionals and as 

such, it is unknown whether the same movements would be considered important to 

the game at lower or higher levels. There may have been more appropriate methods of 

identifying important movements in football such as the use of a Delphi Poll or the use 

of performance analysis software and techniques routinely employed in the assessment 

of player and team performance in the game. Delphi polls are a group facilitation 

technique, with an iterative multistage process, designed to transform opinion into 
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group consensus (Hasson  et al., 2000). The use of a Delphi poll could have provided a 

method of gaining opinions from a wide range of individuals within a wide range of 

playing levels of football so that important football movements could be determined at 

all levels. However, the use of a Delphi Poll would have required an unacceptable level 

of time from the football professionals. Delphi polls have their own limitations not 

limited to researcher skills, interpretation and reporting of findings and as a means of 

gathering opinion rather than predictions. The use of time-motion analysis would enable 

the separate identification of important movements related to performance or injury 

risk as well as at different levels of football. However, this method requires specialist 

training, is labour intensive and access to data would present difficulties. Additionally, 

the use of performance analysis techniques would not inform important movements 

considered to be related to success of the game. The use of a questionnaire provided a 

practical way of obtaining information as opposed to the use of an interview, was more 

convenient for participants and provided highly structured data. The test-retest 

reliability of the questionnaire was not assessed. Therefore, it is recommended that 

future work assesses the reliability of any questionnaire that is used to determine the 

most important movements of the activity in question. 

 

 

5.6 Conclusions 

Important movements in football in relation to success of the game have been 

identified. All football movements have been classified using the taxonomy developed 

in Chapter 4. It was possible to identify components of dynamic balance and group 

movements by postural equilibrium and destabilising challenges using the taxonomy. 

Furthermore, the taxonomy made it possible to discover existing dynamic balance tests 

that aligned with the most important football movements identified through the results 

of this study. It was identified that there were no existing balance tests that aligned 

demonstrating that 1., previous research has not identified the components of balance 

that should be tested for in football, 2., previous research has not made use of sport 

specific tests to assess dynamic balance in football and 3., the taxonomy is a useful tool 

that provides a method of classifying important components of dynamic balance in 

football and identifying appropriate tests. The taxonomy is a tool that may be useful in 
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other sports in identifying components of balance and aligning existing balance tests for 

specificity. 
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Chapter 6 Differentiation of skill level through dynamic balance 
testing in male footballers 
 

 

6.1 Introduction 

Chapter 2 identified that previous research has shown that athletes perform better than 

controls in tests of dynamic balance. Additionally, dynamic balance ability is dependent 

on sport played. Explanations for these differences have been attributed to specificity 

of training. However, when research has examined the dynamic balance ability of 

athletes within the same sport at different skill levels there is a lack of consensus that 

higher-level athletes perform better with some studies showing that within certain 

aspects of tests lower-ability athletes perform better. An important limitation of 

previous dynamic balance testing in sporting athletes is that the tests used involve a 

static base of support and Chapter 2 highlighted the need for sport specific tests. 

Additionally, whilst existing dynamic balance tests commonly used in sport, and in 

particular football, provide a measure of the performance they do not provide any detail 

on the strategies involved that might explain differences between athletes and non-

athletes, and between skill levels. 

 

Chapter 4 developed a taxonomy by which existing tests could be categorized according 

to postural demands and environmental constraints to be able to determine sport 

specific measures of dynamic balance. Chapter 5 identified football movements 

considered by experts as important for success in the game through questionnaire data; 

thereby identifying dynamic balance components important for football. These were 

identified as shielding and jostling, accelerating, and braking, and a single leg kick or 

volley. These movements were classified in the proposed taxonomy developed in 

Chapter 4 with the aim of aligning them with existing balance tests. It was found that 

not one individual existing balance test had appropriate content that matched that all 

the movements identified as being important in football, demonstrating that previous 

research has not identified nor considered the components of balance that should be 

tested for in football. 
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This chapter firstly reports the development of new dynamic balance measures specific 

to football. The development of these new measures includes both performance related 

outcomes and ways of identifying strategies that might explain the performance. This 

chapter then applies the developed measures alongside a standard balance measure 

popular in football to determine whether they can better differentiate for skill level in 

football players. 

 

 

6.1.1 Aims and objectives 

The aim of this chapter was to determine whether sport specific measures of dynamic 

balance differentiate for skill level in football players. The objectives were: 

• To develop new football specific measures of dynamic balance 

• To investigate whether the developed measures and a reference measure 

differentiate for skill level between elite, recreational and non- football players. 

• To determine whether dynamic balance differs for dominant vs non-dominant 

limbs. 

 

 

6.2 Development of new measures 

For movements where there were no tests that align from the taxonomy, tests that had 

a matching postural task and/or destabilising challenge were chosen and adapted to 

provide specificity by including the missing classifications. Existing measures were 

examined for their environmental constraint applicability to the components of dynamic 

balance identified as important in Chapter 5 for football players. Additionally, papers 

from reference lists were also consulted. Table 6.1 presents tests where environmental 

constraints were investigated to determine whether items would provide specificity and 

would be practical considering equipment availability and logistics of the study. 
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Table 6.1 Tests identified with environmental constraints to be considered for development of new football specific measures of dynamic balance. 

Numerical references refer to literature presented in Appendix A.
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6.2.1 External forces 

The use of surface perturbations in standing balance applied through platform motion 

have been used extensively, as well as the use of a wobble board and through arm 

movement (Fujiwara et al., 2011). These compromise the representativeness of the 

environmental stimulation due to their narrow and predictable range of perturbations 

(Rietdyk et al., 1999) and do not satisfy the postural equilibrium challenges and 

destabilizing challenges (environmental constraints) of shielding and jostling, which 

involve the removal or application of predictable or unpredictable externally imposed 

forces in the lateral and anterior-posterior direction. Other more severe challenges have 

included induced slipping (Marigold et al., 2005) and tripping (Pijnappels et al., 2006; 

Schillings et al., 2000), and likewise these methods are not representative of the 

environmental challenge. Standing and walking with perturbations has been studied 

much less (Rietdyk et al., 1999, Davidson et al., 2009; Hof et al, 2010; Blanchette et al., 

2011). These methods include standing whilst perturbed by padded pendulums in the 

sagittal plane (Davidson et al., 2009) and experimenter delivered perturbations in the 

frontal plane (Rietdyk et al., 1999), walking on a treadmill: wearing a robotised ankle-

foot orthosis through which a torque perturbation was applied (Blanchette et al., 2011), 

with the perturbation applied through a rod attached via a broad belt around the waist 

to a pneumatic cylinder (Hof, et al., 2010) and a frontal plane motorised waist pull 

system . The application of the perturbation through the methods of Blanchette et al. 

(2011) were not justified for use in this study, as a perturbation at the ankle joint would 

not provide specificity of perturbations experienced to the upper body during shielding 

and jostling. Due to practical limitations, perturbations applied via padded pendulums 

or via a pneumatic cylinder were not possible. The experimenter delivered perturbations 

of Rietdyk et al. (1999), do not allow a consistent measurable approach within and 

across participant trials, nor do they allow a measurement of the force applied. The 

methods of Gray et al. (2017) in applying perturbations at the waist were of interest 

however, a motorised system was a methodological issue for this study. Adaptions of 

the discussed techniques above were viable in providing a suitable method. Pilot testing 

found that a pre-tensioned bungee cord secured to the wall and then attached to the 

mid front and mid back of a chest harness worn by the participant via a rope provided a 

method of applying and releasing a force that caused a perturbation of the upper body. 

Figure 6.1 displays the method of applying perturbations. The bungee was held taut by 
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the tester which allowed the rope to become slack ensuring there was no perturbation 

to the participant during this time.  Application of the perturbation involved the tester 

releasing the bungee from their grip causing the rope and bungee to become taut. 

Release of the perturbation involved pulling the bungee towards the participant causing 

the rope to become slack. Pilot testing determined the time this took to complete across 

trials and participants was repeatable. The use of a spring scale placed between the rope 

and bungee allowed a consistent approach to adjusting the force for the individual. 

During pilot testing participants struggled to maintain their balance with perturbations 

above 10 % of their body mass and 5 % of body mass was not enough to provide a 

destabilising force. Feedback from elite and recreational participants in pilot testing was 

that a perturbation force of 10 % of participant body mass was similar to what was 

encountered during a game. Therefore, a perturbation force of 10 % was chosen. 

 

Figure 6.1 Application and release of perturbations during the external forces test. A 
bungee was secured to a wall, then to the participant via rope and carabiners to the 
front and rear of a chest harness. a) perturbation application, b) perturbation release. 
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6.2.2 Acceleration and deceleration 

Football match performance is impacted by the ability of players to produce varied high-

speed actions (Luhtanen & Ekblom, 1994), with acceleration identified as being a specific 

quality integral to successful performance outcomes (Harper et al., 2020; Little & 

Williams, 2005). Critical activities such as being first to the ball, beating an opponent 

into space, and creating and stopping goal-scoring opportunities during team sports 

(Carling et al., 2008; Reilly et al., 2000) are dependent on the ability to increase velocity 

or accelerate. Shuttle runs and sprint tests were identified as familiar performance tests 

for football and could be modified to include measurements of balance. Modification of 

shuttle run or sprint test to include measurements of balance would be appropriate. 

Shuttle runs and sprint tests are usually performed at 18.3 m and 10 m distances, 

respectively. The laboratory dimensions were 16 m long x 10 m wide however due to 

storage of equipment the available space was 13 m long x 8 m wide. The laboratory 

space is not long enough to accommodate the length of a shuttle run and as the sprint 

tests only involves an acceleration, to be able to successfully record a deceleration after 

10 m would prove challenging in the available space. Should the total amount of 

laboratory space available have been used it would have created a large capture volume 

for 3D motion capture, and with the amount of cameras available, would reduce the 

accuracy of the system (van der Kruk & Reijne, 2018). Furthermore, accelerations 

experienced by elite footballers have been identified as; low, 1-2 ms-2; medium, 2-3 ms-

2 and high > 3 ms-2 (Akenhead et al., 2013; Góralczyk et al., 2003; Hodgson et al., 2014). 

It was of interest to have all participants experience the same acceleration and 

deceleration rates therefore, a treadmill was used to accelerate and decelerate 

participants.  

 

It was identified in pilot testing that the treadmill could accelerate at a rate of 1 ms-2, 

this did not provide the high threshold that would provide a more destabilising force to 

participants. Additionally, the treadmill did not have the ability to consistently 

accelerate at the same speed for every participant because of the limited motor power 

available of the treadmill belt. Additionally, the treadmill company would not unlock the 

advanced features to provide higher accelerations as the treadmill did not have a safety 

arch and means of attaching a harness. Therefore, only the deceleration component of 

the football movement identified in Chapter 5 was possible. In team sports 
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decelerations are just as common as accelerations (Osgnach et al., 2009; Spencer et al., 

2004). There is a greater rate of velocity change in high intensity decelerations which 

occur more frequently in team sports (Harper et al., 2020). Rapid decelerations are 

crucial in changes of direction for both attack and defence (Harper et al., 2020; Osgnach 

et al., 2009; Spencer et al., 2004) Furthermore, greater mechanical loads are imposed 

with high-intensity decelerations and involve high eccentric braking forces to slow the 

body’s CoM. Deceleration occurs after any sprint performance to slow the body’s CoM 

(Dalen et al., 2016; Hewitt et al., 2011; Vanrenterghem et al., 2017). Deceleration in 

football may occur in response to other player’s movements such as (marking, evading, 

or collision avoidance) or to stay within a playing area. To safely decelerate the body 

several shortened gait cycles are used which absorb the high eccentric forces with as 

little stress to the joints as possible (Andrews et al., 1977). Several body segments are 

adjusted to slow the forward moving CoM. The body is expected to be positioned with 

a posterior tilt of the pelvis, erect or posterior lean with elbow flexion and abduction 

during over ground deceleration (Hewitt et al., 2011). Consequently, high-intensity 

decelerations are a component of the external load that disproportionately drives 

neuromuscular fatigue and thereby simultaneously escalating the risk of tissue damage 

(Harper & Kiely, 2018). 

 

There is no known research to date that has investigated balance ability when 

decelerating during a run, nor is there a known balance test that has focused on 

outcome measures related to the deceleration phase in sprinting. Key football literature 

regarding time motion analysis of player movements was consulted to identify the 

nature of accelerations and decelerations players experience in the game (Dalen et al., 

2016; Newans et al., 2019; Russell et al., 2016; Vigh-Larsen et al., 2018). Decelerations 

have been classified as: low deceleration, -1 to -2 ms-2; medium, -2 to -3 ms-2; and high, 

> -3 ms-2 (Akenhead et al., 2013). During pilot testing it was found that the treadmill 

could decelerate at a rate of -1 ms-2 using the speed reduction buttons or at a rate of -5 

ms-2, using the safety cut off switch. As the use of the reduce speed buttons did not 

provide a high enough deceleration rate, the use of the safety cut off switch was chosen 

to provide the most challenging condition. A recent systematic review and meta-analysis 

reports that spatiotemporal, kinematic and kinetic outcome measures are largely 

comparable between treadmill and over ground running (Van Hooren, Fuller, & Buckley, 
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2020), therefore there was confidence that the treadmill would be suitable for use in 

decelerations. 

 
 

 

6.2.3 Kicking 

The defining action of football is kicking (Lees et al., 2010). Considerable demands are 

placed on dynamic balance due to the requirement to control large reactive forces whilst 

maintaining stability over a narrow base of support (Chew-Bullock et al., 2012). There 

has been extensive research investigating the kinematics and kinetics of kicking in 

particular examining the relationship between the mechanics of the kicking leg and kick 

performance (Dorge et al., 2002; Isokawa & Lees, 1988; Lees et al., 2010; Lees & Nolan, 

1998; Nunome et al., Sakurai, 2002; Shan & Westerhoff, 2005). There are equivocal 

findings in the scant research investigating the mechanics of the plant leg (Kellis et al., 

2004; Masuda et al., 2005; Orloff et al., 2008). Remarkably, there is little research 

examining the relationship between balance ability and kicking and there is no known 

peer reviewed research to date that has used kicking as a dynamic balance test. Chew-

Bullock et al. (2012) examined the relationship between single-leg balance on a force 

plate and kicking accuracy and velocity. Their results identified a lack of association 

between single leg balance and kicking velocity. They suggested that the stability 

requirements associated with balancing on one leg are different from those required to 

support the body when swinging the kicking leg at maximal velocity. This provides 

support for the need for dynamic balance tests that address all the task and 

environmental constraints.  

 

Four articles were identified (table 6.1) where one or more environmental constraints 

could be classified within the same categories as single leg kicking. Three studies 

involved single leg stance with flexion/extension and/or adduction/abduction of the 

non-stance leg to simulate kicking (Fernandes et al., 2016; Hatzitaki et al., 1999; Teixeira 

et al., 2011). Whilst these methods included movements that would satisfy the 

environmental constraint of a supra-postural acceleration of the lower limb in the form 

of a swing, the fixed base of support and no external force that occurs due to impact 

with the ball meant these tests would not meet the level of specificity required. A study 

by Rios et al. (2015) launched a ball to their participants meeting the classification 
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required for the external force however, the fixed base of support did not match the 

postural equilibrium classification. An important consideration of kicking is that there is 

a destabilising force when contact with the ball occurs, therefore it was decided that a 

test where participants kicked a ball would be used. As the game of football 

predominantly involves a moving ball and the classified football movements includes a 

standing volley it was of interest to be able to include a moving ball in the test. However, 

difficulties were experienced in pilot testing with allowing participants an approach to 

the ball and positioning of launch of the ball and a successful foot-ball interaction. 

Additionally, in the interest of maintaining a consistent ball speed at launch, it was it 

was decided that a stationary ball placed on top of a lightweight plastic tube to replicate 

an instance where it would be in the air and afford a volley kick, would be used.  

 

 

6.3 Existing reference measure 

An existing test often referred to as a measure of dynamic balance was included in the 

study as a reference measure. The SEBT has been used as a common dynamic balance 

test in football (Anoop et al., 2010; Bhat & Moiz, 2013; Bressel et al., 2007; Cug et al., 

2016; Daneshjoo et al., 2012; Haksever et al., 2012). The mSEBT is a shortened version 

of the SEBT (Hertel et al 2006). Instead of eight reach distances, there are only three. 

The choice of the mSEBT as opposed to the SEBT is twofold: One, it reduced the time of 

the full testing protocol and two, there is evidence that it captures the least redundant 

information (Hertel et al., 2006; Gribble et al., 2012; Hertel et al., 2011). The intra-rater 

reliability of the SEBT has been reported as moderate to good (Plisky et al., 2009) Due 

to the measurement error identified in Section 2.2.1.4. in determining reach distance, 

this was measured from the distance between the anatomical markers of the fifth 

metatarsal of the stance and reaching foot (Pionnier et al., 2016). It was decided that 

the use of kinetic analysis with a force plate would provide better information on 

dynamic postural control strategies to explain any differences in performance, which is 

missing from previous research in football. Therefore, the mSEBT was performed with 

the stance limb on a force plate to record kinetic parameters.  

 

As football requires players to be skilled on both limbs in terms performance it was of 

interest to see if differences exist between skill level and limb in dynamic balance ability 
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for the mSEBT and kicking test. A recent systematic review and meta-analysis indicate 

that balance performance is not influenced by leg dominance, however this evidence is 

strongest for tests involving single leg stance (Schorderet, et al., 2021). Where literature 

included in the review involve tests referred to as sport specific i.e., SEBT, YBT, the 

limitations of these are that they still involve a static base of support. Furthermore, there 

were only three studies in the review that used more sport specific measures such as a 

jump landing (Shiravi et al., 2017; Troester et al., 2018; Wikstrom et al., 2006). Only one 

study contained athlete participants (Troester et al., 2018), so it is unknown whether 

these results can be used for comparisons between athletes of different skill levels and 

non-athlete populations, as well as whether the same outcomes would be found using 

sport specific tests. 

 

  

6.4 Methods 

6.4.1 Participants 

Sheffield Hallam University Local Research Ethics Committee provided ethical approval 

for all procedures and documents (Converis Ethics Review ID: ER7666529). Male 

participants were recruited by contacting local professional and male non-league 

football clubs, the Men’s University football team and male University students through 

flyers, social media and University message boards. Participants were grouped by skill 

level as elite, recreational and non-footballers. Participants were recruited from 

Championship level football teams, Collegiate level and non-league football teams 

within the Sheffield area and students at Sheffield Hallam University. Elite players were 

recruited from Championship level football teams due to responses from the study in 

Chapter 5 also being from majority championship level teams. Inclusion criteria were:  

aged 18+ with an ability to run at 6.1 ms-1. Elite athletes: Playing in the first team or 

within the academy system of a league club. Recreational athletes: Playing collegiate 

level/non-league/weekly organised games. Non-footballers: Never have played 

competitive or and not playing recreational football. Exclusion criteria were: any 

musculoskeletal injury that was being treated at the time of testing, any balance or 

vestibular issue, history of fracture or surgery in either limb and any other orthopaedic, 

muscular or neurological condition that could affect balance or the ability to perform 

tasks. Table 6.1 describes the group. The preferred leg of participants was determined 
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by asking which foot they would kick a ball with. All participants provided written 

informed consent (Appendix K) and completed a Physical Activity Readiness 

Questionnaire (to determine participant safety) (Appendix L) as well as providing details 

regarding their football playing experience prior to data collection. 

 

 

Table 6.2 Mean ± standard deviations of the group descriptors for all participants and 
each skill level group 

Descriptive 
All Elite Recreational 

Non-

footballers 

No 22 5 7 10 

Age (years) 24 ± 5 19.7 ± 1.8 23.9 ±5.4 26.6 ± 4.9 

Stature 

(cm) 
179.4 ± 5 175.7 ± 5 178.5 ± 1.9 181.6 ± 8.6 

Mass (kg) 75.8 ± 8.4 75.3 ± 7.8 79.1 ± 9.8 73.7 ± 7.8 

 

 

6.4.2 Experimental set up 

Kinematic data were collected using 13-camera optoelectronic motion capture system 

(11 x model Raptor and 2 x model Eagle, Motion Analysis Corporation, Santa Rosa, CA, 

USA) operating at 240 Hz. The cameras were placed around the force plate, which is 

located in the centre of the room. To allow for testing both on the treadmill and on the 

adjacent force plates a large calibration volume was chosen (2.5 m long, 2.5 m wide and 

2.5 m tall). There was a two-step process employed for calibration. First, a rigid L-frame 

with four markers of known locations was used to define a right-handed global 

coordinate system. Second, individual camera views were scaled using a three-marker 

wand of 500 mm. The averages of the 3D residuals were below 0.4 mm for each calibration. 

Kinetic data was collected on a force plate (9287CA, Kistler Instrumente, AG, 

Switzerland) at 240 Hz. All data were collected in the biomechanics lab at Sheffield 

Hallam University.  

 

A scaffold tower (figure 6.2) was used in the place of a safety arm on the treadmill to 

secure participants via a harness, rope and carabiners during the external forces and 

deceleration test. The scaffold tower consisted of connecting six aluminium frames and 
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three cylindrical aluminium poles. A single horizontal pole was used to connect two 

diagonal corners of the frame to prevent tilting. Two horizontal poles at the top of the 

tower were used to prevent tilting and to secure rope and carabiners to secure 

participants via a harness. Claw hook ratchet straps were used to prevent frame 

connections from separating (visible in figure 6.4) in each of the four corners of the 

frame. The purpose of the scaffold tower was to secure participants via carabiners, rope 

and harness, as a risk assessment identified that participants were at a risk of a fall. The 

treadmill did not have a safety arm therefore, the scaffold tower mitigated the risk and 

would prevent serious injury should a fall occur. Despite arranging the cameras for 

optimal position and view, the scaffold tower, would occasionally occlude markers on 

the head and legs on certain participants due to the positioning of the bars and the 

participant’s height. The use of cluster markers provided a more robust marker set to 

mitigate this problem. As identifying the control of the CoM was important to be able to 

determine the dynamic balance strategies of participants, a full marker set was chosen 

to ensure that any important movements of the trunk, upper limbs and the head would 

contribute to calculation of the CoM. 
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Figure 6.2 Safety scaffold tower to secure participants to via chest harness, rope and 
carabiners. 

 
 
 

A full body marker set was modified from (Davis et al., 1991) in accordance with 

Cappozzo et al., 1995) to model 13 segments (head, arms, forearms, torso, pelvis, thighs, 

shanks and feet). 53 retro-reflective spherical markers (12.5 mm) were affixed by 

adhesive tape to the following anatomical landmarks: head, C7, xiphoid process, 

acromioclavicular joint, lateral humeral epicondyle, mid-point between the ulnar styloid 

and radial styloid, anterior superior iliac spine (ASIS), posterior superior iliac spine (PSIS), 

sacrum, greater trochanter, medial femoral epicondyle, lateral femoral epicondyle, 

medial malleolus, lateral malleolus, posterior calcaneus, medial calcaneus, lateral 

calcaneus, and the 2nd and 5th metatarsal base (figure 6.3). Four non co-linear markers 

were fitted to moulded thermoplastic shells to create rigid segment clusters and were 

secured on the arms, forearms, thighs and shanks with double sided tape and elastic 
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cohesive bandage (Cappozzo et al., 1997; Lees et al., 2009; Manal et al., 2000). Adhesive 

spray was applied to the skin at the locations of pelvis markers and segment clusters for 

better adhesion (Milner, 2008).  

 

A static trial was completed prior to data collection, with the participant in the anatomic 

position for three seconds. For dynamic trials, the following markers were removed: 

acromioclavicular joint, lateral humeral epicondyle, mid-point between the ulnar styloid 

and radial styloid, sacrum greater trochanter, medial femoral epicondyle, lateral femoral 

epicondyle, medial malleolus, lateral malleolus due to marker redundancy and skin 

movement artefact. To reduce marker placement variability, the marker set was applied 

by the same researcher for all participants. 

 

 

 

 

Figure 6.3 Marker set applied to participants. Left to right: front, rear. 
 

 



 

122 
 

6.4.3 Protocol 

A warm-up consisting of walking and running on a treadmill (h/p/cosmos pulsar, 

Nussdorf-Traunstein/Germany) and kicking balls at low velocity was performed prior to 

the testing. Participants then performed four tests of balance: External forces test, 

deceleration test, mSEBT and kicking. Participants were topless and wore form-fitting 

shorts, allowing all markers but the ankle and feet markers to be placed directly onto 

the skin.  

 

For the running trials, external forces and deceleration test participants ran on the 

treadmill in the direction of the negative x-axis (anterior-posterior), where the positive 

z-axis was directed vertically upwards (longitudinal) and the positive y-axis 

(mediolateral) was pointing to the athletes’ right. For the kicking and mSEBT tests 

participants moved in the direction of the positive y-axis (anterior posterior), where the 

positive z-axis was directed vertically upwards (longitudinal), and the positive x-axis 

(mediolateral) was pointing to the athletes’ right. 

 

 

6.4.3.1 External forces 

Prior to the external forces test participants ran for 60 s at 12 kmh-1 on the treadmill 

whilst kinematic data was recorded to provide reference data for subsequent analysis. 

Participants wore a chest harness and were attached to a secure scaffold tower via rope 

and carabiners (figure 6.4). A treadmill safety cut off clip was attached to the participant 

to activate the emergency stop in the case of a fall. A rope and bungee cord were 

attached to the participant at the front and rear of the chest via the harness and then 

secured to a wall. This provided a lateral perturbation on the right-hand side of the 

participant and was determined as the most consistent method of applying a lateral 

perturbation during pilot testing. Participants ran on the treadmill at 12 kmh-1, 

considered a safe speed for applying perturbations, for a period of 60 s with the force 

being applied for 3 seconds and removed five times at randomised times within that 

period. Application and removal of the external force is described in Section 6.2.1. 

 

Participants were instructed to expect the first force application but were not instructed 

on the timing of any subsequent ones. A warning for the first force application was given, 
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as pilot testing identified that without a warning some participants had to hold the bar 

to steady themselves. Force applications where holding the handrail occurred were not 

included in analysis (Maki et al., 2003). This test was performed once. Kinematic data 

were recorded to determine dependent variables. 

 

 

 

Figure 6.4 External forces equipment set up. Participant was attached to a scaffold tower 
via a chest harness and rope and carabiners. Rope was attached via carabiners to the 
anterior and posterior of the harness and then via a carabiner to a bungee secured to 
the wall. Forces were administered and removed on the participants’ right-hand side. 
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6.4.3.2 Deceleration Test 

Participants were secured to the scaffold tower as described in Section 6.4.3.1. The test 

commenced with participants standing on the treadmill followed by an acceleration to 

18kmh-1. Participants ran for between 5-10 seconds at this speed at which point the 

treadmill was stopped abruptly using the emergency stop. The test was repeated 3 times 

and kinematic data were recorded to determine dependent variables. 

 

 

6.4.3.3 Kicking 

A football (size 5, Mitre) was placed on a lightweight plastic tube as a tee (20 cm x 7 cm). 

The raised location of the ball was used to mimic the positioning of a ball when 

performing an instep volley (striking the ball with the top of the foot), considered to be 

the most accurate and powerful combination kick for passing and shooting (Barfield, 

1995; Lees & Nolan, 1998). Participants were instructed to approach the ball at any angle 

they felt comfortable with as it does not affect kicking accuracy or ball velocity (Scurr & 

Hall, 2009), but were restricted to a maximum of two steps to mimic the movement that 

would occur prior to a standing volley. The football was positioned in a way that ensured 

the participant’s stance foot contacted the force plate. Participants were instructed to 

kick the ball towards a 2 m2 target 5 m in front of them (Chew-Bullock et al., 2012). The 

test was performed on dominant and non-dominant limbs as it has been stated that the 

ability to move the ball up and down the field with both legs is crucial for success 

(Barfield, 1995). Before data collection, each kicking task was performed twice (dos 

Santos et al., 2014) to familiarise each participant with the procedure. Three instep 

volleys were performed by each participant on dominant and non-dominant limbs. The 

trial with the highest linear foot velocity was selected for further analysis as higher foot 

linear velocity is related to ball velocity (Dorge et al., 2002; Nunome et al., 2006). The 

order of testing was randomized between the dominant and non-dominant limbs (Dorge 

et al., 2002). Kinematic and kinetic data were recorded to determine dependent 

variables. 
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6.4.3.4 Modified Star Excursion Balance Test (mSEBT) 

Participants’ leg length was measured as the distance between the anterior superior iliac 

spine and the ipsilateral medial malleolus measured in the anatomical reference 

position (Gribble & Hertel, 2003). The three reach directions were marked out on the 

floor with white tape using a 360- degree protractor. Participants were instructed to 

stand on the force plate, with the toes of their stance leg behind a line provided on the 

floor with hands on hips. Whilst maintaining balance on one leg, they were asked to 

reach as far as possible along each line, lightly touch the line with the furthest point of 

the reaching foot without shifting weight or coming to rest on the foot of the reaching 

limb. Following each reach, the limb was returned to its initial position to assume a 

bipedal stance (Pionnier et al., 2016). Testing took place on both the dominant and non-

dominant limbs. Participants were required to have four practice trials to overcome any 

learning effect and increase reliability (Munro & Herrington, 2010; Robinson & Gribble, 

2008). The recorded trial was redone if the participant performed an observable support 

transfer on the non-stance limb or the participant could not maintain single leg balance 

during the test (Pionnier et al., 2016). Kinematic and kinetic data were recorded to 

determine dependent variables. 

 

 

6.4.4 Outcome measures and data analysis  

Cortex (version 7, Motion Analysis Corporation, Santa Rosa, CA, USA) was used to 

synchronise, track, and export raw 3D coordinate and kinetic data. For clusters, any gaps 

in the data were filled using the other three markers where they were present. 

Automatic gap filling was used as an alternative using a cubic spline where gaps were 

<10 frames. Visual 3D (version 6, C-Motion, Rockville, MD, USA) was used to defined and 

construct segments, local coordinate systems and joint centres in line with ISB guidelines 

(Wu et al., 2002, 2005). A full-body six-degree-of freedom kinematic model was applied 

using segmental data estimated from De Leva, (1996), considered the most appropriate 

and representative of the athletic population within the investigation. Whole body CoM 

trajectory was calculated from the weighted sum of the COM of the parameters of all 

13 segments within Visual 3D. Raw kinetic and kinematic data consisting of: CoP 

trajectories, whole body CoM trajectories, marker trajectories, ground reaction force 

and segment linear velocities were exported from Visual 3D for filtering and analysis.  
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Winter’s residual (Winter, 2009) was used to determine appropriate cut off frequencies 

for removing noise of skin marker movement from the data, to address positional 

changes of the CoM on the treadmill during the external forces test and noise from the 

kinetic data. It is commonplace in kinematic analyses to apply a single cut off frequency 

to all markers. However, some studies have applied different cut of frequencies to 

markers in different locations (Mills et al., 2011). For this reason, the above methods 

were investigated for one marker on each limb of one participant for each of the four 

tests. A range of cut off frequencies between 11-20 Hz were applied to a sample of 

participants for each test. These were then visually inspected to determine the optimal 

cut off frequency. Visual inspection of the data identified that optimal cut off 

frequencies for different markers were within 2-3Hz of each other therefore an average 

of the range of cut off frequencies was used on all markers. Filtering was investigated 

and applied in MATLAB (vR2019a, MathWorks, Natick, USA). Details of the type of filter 

and cut off frequencies for each test are provided in the following sections. To avoid 

endpoint error, the distortion introduced at the start and end of a signal when using 

digital filters, 100 additional frames of data were included at the start and end of the 

section of the signal of interest. 

 

 

6.4.4.1 External forces 

The raw markers of the external forces test data were filtered using a 2nd order recursive 

Butterworth filter with a bandpass filter of 0.1-15Hz to remove low frequencies related 

to slow changes that occurred due to a change in position on the treadmill and leave the 

higher frequency changes related to each foot-step and balance. The lowest frequency 

of interest was the stride frequency approximately 1.5 strides per second. The data were 

inspected visually with a range of frequencies below 1Hz to determine a suitable cut off 

that ensured the step-by-step variations were maintained and the amplitude of the 

peaks was not reduced. Dependent variables calculated in MATLAB were magnitude of 

the CoM ML displacement and time to stabilisation (TTS). Application of the 

perturbation force was identified by a positive peak presented in the CoM ML data. The 

release of the perturbation force was identified by the sudden decrease in the CoM 

position that continued past the mean of the CoM position and was also verified though 

visual inspection of the model animation data in Visual 3D. The phase of interest for this 
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test was from the point of release of the perturbation to identification of recovery. The 

application of perturbation was not analysed, as the application of the force was much 

slower than the removal therefore, the perturbation was moderate in comparison. 

 

To identify the recovery of the CoM in the ML axis, the mean of the CoM was calculated 

for the running trial performed before the external forces test. The following standard 

deviations (SD) of the mean were then calculated: 0.25, 0.5, 0.75, 1 and 2. This mean 

and range of SDs from the running data were applied to the external forces data for all 

participants. The data were investigated to determine whether the CoM position fell 

within one of the ranges of SDs and remained there for at least one cycle. On visual 

inspection of all participant data, it was observed that participants displayed a return to 

within 1 SD of the CoM mean following the release of perturbation for at least one cycle 

for every trial. For some participants, an overshoot of the CoM position was observed, 

therefore determining the point of stabilisation included this overshoot within the data 

analysis process. Figure 6.5 displays the overshoot during one force application and 

release during the external forces for an example participant. 

 

 

Figure 6.5 CoM position during the external forces test displaying the overshoot of the 
CoM position. Perturbation application and release and calculated stable point and are 
identified by vertical lines. Horizontal lines are mean and SD’s at 0.25, 0.5, 0.75, 1 of the 
separate running trial.  
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6.4.4.2 Deceleration 

The raw markers of the deceleration test data were filtered using a second order 

recursive Butterworth filter with a cut off frequency of 16Hz. After filtering data were 

cropped from the point where the treadmill was stopped, which was identified by a 

sudden decrease in the velocity of the heel markers to the end of the trial. Dependent 

variables calculated using custom code in MATLAB were: CoM range in AP, TTS and step 

frequency. Step frequency was determined from the number of steps taken when the 

treadmill slowed to the point of stabilisation as identified from the TTS. 

 

Time to stabilisation is a commonly used measure to evaluate postural stability following 

a jump landing (Colby et al., 1999; Gribble et al., 2009; Liu et al., 2013; Ross & 

Guskiewicz, 2003, 2004; Wikstrom et al., 2004, 2005). Typically, TTS is derived through 

force plate data and used to evaluate postural stability by measuring the time taken for 

vertical ground reaction force to reach and stabilise within 5% of the subject’s body 

weight following the landing from a jump (Wikstrom, 2004), or through a sequential 

estimation method (Colby et al., 1999). As no force plate data were collected during the 

deceleration test, the sequential estimation method was more appropriate. Custom 

code (MathWorks, R2019a) was used to calculate a cumulative average of the data 

points in a series by successively adding 1 point at a time. After the first point, the first 

two data points were averaged. Then the first three data points were averaged, and so 

on for the three-second period following the treadmill belt being stationary. The overall 

mean of the series was then calculated. The cumulative average was compared against 

the overall series mean, and the CoM was considered to be stable when the sequential 

average remained within 0.25 standard deviations of the mean of the entire time series 

(Colby et al., 1999; Wikstrom et al., 2005). This point was taken as the TTS. Some 

researchers have combined the TTS in the horizontal planes to provide a composite 

value. However it has been argued that TTS parameters present three separate 

measures for each trial and do not provide a common characteristic among components 

and the use of multiple directions are beneficial for indicating directional control deficits  

(Wikstrom et al., 2005). Because the deceleration occurs in the sagittal plane, CoM and 

TTS were determined in the AP direction only. 
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6.4.4.3 Kicking 

Kinematic data of the mSEBT test data were filtered in MATLAB using a 2nd order 

recursive Butterworth filter with a cut off frequency of 18Hz, whilst kinetic data were 

filtered at 20Hz. Following filtering, data were cropped from impact with the force plate, 

identified when the vertical ground reaction force was higher than a threshold of 10 N 

until impact with the ball. Impact with the ball was identified by the movement of 

markers attached to the lightweight plastic tube upon which the ball was positioned. 

Dependent variables: linear velocity of the centre of mass of the foot, resultant CoP 

range normalised to foot length and time to boundary (TtB) on both limbs were 

calculated with custom code in Matlab. Linear velocity was represented by the velocity 

of the foot's centre of mass, which was defined by the toe and heel markers. 

 

Measurement of balance by using CoP in both AP and ML directions is a common 

specific measure assessed in balance testing (Hoffman and Payne, 1995; 

Hrysomallis, 2008; Le Clair and Riach, 1996; Paillard et al. 2006; Verhagen et al. 

2005). The resultant CoP range was chosen to account for different angles of approach 

by participants. This measure was normalised to foot length by dividing the CoP range 

by the foot length of the participant and multiplied by 100 to express it as a percentage 

of foot length. This accounted for the variability in foot length of participants. The 

markers on the foot were used to determine foot placement on the force plate to 

calculate time to boundary (TtB). TtB is an estimate of the time it would take for the CoP 

to reach the BoS boundary if the CoP were to continue on its trajectory at its 

instantaneous velocity (van Emmerik et al., 2002; Van Wegen et al., 2002). Previous 

literature has used shank angular velocity as a measure of kicking success (Luhtanen, 

1988) however, Dorge et al. (2002) have shown that at instant of impact with the ball, 

the shank is not at its maximum, and suggest linear velocity of the centre of mass of the 

foot as the best measure of kicking success. For this reason, linear velocity of the foot 

was used as a measure of performance. 

 

 

6.4.4.4 mSEBT 

Kinematic data of the mSEBT test data were filtered in MATLAB using a 2nd order 

recursive Butterworth filter with a cut off frequency of 16Hz, whilst kinetic data were 
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filtered at 20Hz. Following filtering, data were cropped for each reach direction from the 

start of the reach, identified by anterior movement of the reaching limb, until the 

furthest reach position, identified as the maximum excursion of the anatomical markers 

of the fifth metatarsal of the stance and reaching foot (Pionnier et al., 2016). Custom 

code in MATLAB was used to calculate dependent variables, normalised reach distance, 

CoP path length and TtB. The reach distance was considered as the maximum excursion 

of the non- stance leg at the touchpoint divided by leg length and multiplied by 100 to 

represent reach distance as a percentage of limb length (Gribble et al., 2012). CoP path 

length is a measure that has been used in previous research to characterise the SEBT 

(Pionnier et al., 2016). It was calculated as the total trajectory followed by the CoP from 

its initial position to its maximal position. TtB was calculated by the same method 

provided in Section 6.4.4.3.  

 

 

6.4.6 Statistical analysis 

Calculations were performed in SPSS, version 24 (SPSS; Inc, Chicago, IL). Descriptive 

statistics (mean, standard deviation) were calculated for all variables. Differences 

between dependent measures of the external forces and deceleration tests were 

assessed using a one-way analysis of variance (ANOVA) where data met the assumptions 

of parametric data; normal distribution, homogeneity of variance, linearity and 

independence (Field, 2009). No post hoc procedures were required as planned contrasts 

were conducted (Field, 2009). For the kicking test, a repeated measures ANOVA was 

performed. The within subject’s condition was stance limb. The between-subjects factor 

was skill level. For the mSEBT, 2 x 3 mixed design repeated measures ANOVAs were 

performed as all data met assumptions of parametric data. The within subjects’ 

conditions were stance limb (x 2) and reach direction (x3). The between-subjects factor 

was skill level (x 3). The effect of stance limb, reach direction and skill level on the 

dependent variables, as well as the interaction between them were assessed. 

Assumptions of sphericity were met for all dependent variables (Field, 2009). Gabriel’s 

test was used as a post-hoc test due to unequal sample sizes and a Bonferroni correction 

was applied (Field, 2009). The level of significance for all statistical procedures was set 

at p = 0.05. For some outcome measures in the kicking and mSEBT tests there were only 

data available for two participants. For this reason, effect sizes were also considered. 
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Results were also interpreted using effect size, which places the emphasis on the size of 

the difference (Coe, 2002). The investigation contained small and unequal sample sizes 

and therefore was likely to be statistically underpowered, reducing the chance of 

detecting a true effect. Interpretation of Hedge’s g was also reported to correct for the 

small and uneven sample size using the following equation (Durlak, 2009): 

 

 

𝑔 =  
𝑀1 − 𝑀2

𝑠𝑑
 × (

𝑛 − 3

𝑛 − 2.25
)  × √

𝑛 − 2

𝑛
 

Equation 1 

 

Where M1 - M2 is the difference between the group means (M), sd is the pooled 

standard deviation and n is the total sample size. Interpretation of Hedge’s g followed 

the guidelines of (Cohen, 1988) where g < 0.20 represents a trivial difference, 0.20 ≥ 

0.50 indicates a small difference, 0.50 ≥ 0.80 a moderate difference and ≥ 0.80 a large 

difference between means. Where comparisons between groups contained unequal 

sample sizes, Hedge’s g was reported. Effect sizes for one-way ANOVAs were reported 

using Hedge’s g. Effect sizes for mixed design repeated measures ANOVA were reported 

using partial eta2. Partial eta2 can be defined as the ratio of variance accounted for by 

an effect and that effect plus its associated error variance within an ANOVA study 

(Tabachnick & Fidell, 2007).  

 

ƞ𝑝
2 =  

 𝑆𝑆𝑒𝑓𝑓𝑒𝑐𝑡

𝑆𝑆𝑒𝑓𝑓𝑒𝑐𝑡 +  𝑆𝑆𝑒𝑟𝑟𝑜𝑟
 

 

Equation 2 

 

Where  𝑆𝑆𝑒𝑓𝑓𝑒𝑐𝑡 is the sum of the squares of the effect, and SS error is the sum of the 

squares of the error. Partial eta2 was interpreted following recommendations where ƞ𝑝
2  

values of .0099, .0588, and .1379 are benchmarks for small, medium, and large effect 

sizes, respectively (Cohen, 1969; Richardson, 2011).  
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6.5 Results 

6.5.1 External forces 

Experimenter error during data collection and processing resulted in four trials being 

lost and caused the discrepancies in degrees of freedom for F ratios. Participant 

numbers for external forces data were elite, n = 5, recreational, n = 5, non-footballers, 

n = 8. After each application of force, there was no reduction in CoM magnitude or TTS 

indicating that no learning effect took place. Following release of the force, participants 

experienced a displacement of their CoM to the release direction before returning to a 

position that was within 1-2 standard deviations of the mean CoM position during the 

12 kmh-1 run. Following the initial response in the direction of release, some participants 

exhibited an overshoot in the opposite direction before returning to within 1-2 standard 

deviations of the mean run CoM position however, this was not limited to any one skill 

group. Figure 6.2 presents the mean CoM magnitude of displacement in the ML axis for 

all participants. Elite football players exhibited the lowest magnitude of CoM ML 

displacement. There were no statistically significant differences between group means 

for magnitude of CoM displacement F(2,15) = 2.12 p = 0.155 as determined by a one-

way ANOVA. A large effect size was observed between elite and recreational players (g 

= -1.3) and recreational and non-football players (g = 0.82). There was a small effect size 

between elite and non-football players (g = -0.43). 

 

 

Figure 6.2 Mean magnitude of CoM ML displacement of all participants 
for the external forces test. The error bars display +/- 1 SD. A one-way ANOVA revealed 
no significant differences. Elite; n = 5, recreational; n=5, elite; n=8. 
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Figure 6.3 presents the mean TTS for all participants. Elite football players exhibited the 

lowest TTS and non-footballers exhibited the largest TTS. There were no statistically 

significant differences between group means F(2,15) = 2.27, p = 0.138 as determined by 

a one-way ANOVA. There were large effect sizes between elite and recreational players 

(g = -0.860) and elite and non-football players (g = -1.12) and a moderate effect size 

between recreational and non-footballers (g = -0.51). Larger standard deviations were 

observed for non-footballers reflecting larger variability between participants. 

 

 

 

Figure 6.3 Mean TTS of each participant for the external forces test. The error bars 
display +/- 1 SD. A one-way ANOVA revealed no significant differences. Elite; n = 5, 
recreational; n=5, elite; n=8. 
 

 

6.5.2 Deceleration 

Experimenter error during data collection and processing resulted in nine trials being 

lost and caused the discrepancies in degrees of freedom for F ratios. This resulted in 

participant numbers as follows; elite players, n =5, recreational players, n = 7 and non-

footballers, n = 8. Figure 6.4 displays the mean CoM range in AP and ML directions for 

the deceleration test. A one-way ANOVA revealed the following: there was no 

statistically significant differences between groups for CoM AP range F(2, 19) = 0.120, p 

= 0.89. Trivial to small effect sizes were observed when comparing groups as follows: 

elite with recreational players (g = 0.25), recreational players with non-footballers (g = -
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0.23) and elite with non-footballers (g = 0.03). There were no statistically significant 

differences between skill level for TTS AP F(2,18) = 2.421, p =0.121. 

 

 

 

Figure 6.4 Mean CoM range in the AP directions for the deceleration test. The error bars 
display +/- 1 SD. A one-way ANOVA revealed no significant differences. Elite: n = 5, 
recreational: n = 6, non-footballers: n = 8. 
 

Figure 6.5 presents mean TTS for participant groups. There were no statistically 

significant differences between skill levels for step frequency, F(2,19) = 2.592, p = 0.104. 

Effect sizes were observed as large between elite and recreational players (r = 0.89) and 

recreational and non-football players (r = 1.18), and small between elite and non-

football players (r = 0.18).  
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Figure 6.5 Mean TTS range in AP direction for the deceleration test. Error bars are 1 SD. 
A one-way ANOVA revealed no significant differences. Elite: n = 6, recreational: n = 7, 
non-footballers: n = 8. 
 

 

Figure 6.6 displays the mean step frequency during the deceleration phase for each skill 

level.  A one-way ANOVA revealed no significant differences between skill level F(2,19) 

= 2.592, p =0.104. Effect sizes were observed as large when comparing the means 

between elite and recreational players (r = 0.4), elite players and non-footballers (r = 

0.28) and recreational players and non-footballers (r = 0.39). Examination of individual 

performance in the deceleration test, there appears to be a relationship between higher 

TTS and a lower step frequency for elite players but no other groups. 
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Figure 6.6 Mean step frequency for the deceleration test. Error bars are 1 SD. A One-
way ANOVA revealed no significant differences. Elite: n = 2, recreational: n = 6, non-
footballers: n = 9. 
 

 

6.5.3 Kicking 

Experimenter error during data collection and processing resulted in a few trials being 

lost and caused the discrepancies in degrees of freedom for F ratios. This resulted in 

data being analysed as elite n = 2, recreational n = 6 and non-footballers n = 9. There 

were no significant differences between groups for maximum foot angular velocity. 

Figure 6.7 presents the mean maximum linear foot velocity during the kick for all 

participants. A repeated measures ANOVA revealed a main effect of limb on foot 

velocity, F(1,14) = 11.456, p = 0.004, ƞ𝑝
2  = 0.45. Foot velocity was higher when kicking 

the ball with the dominant limb. There was no main effect of skill level on foot velocity, 

F(2,14) = 0.452, p = 0.645, ƞ𝑝
2  = 0.061. There was no interaction of limb and skill level on 

foot velocity F(2,14) = 2.114, p = 0.158, ƞ𝑝
2  = 0.232.   
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Figure 6.7 Mean maximum foot linear velocity during kicking for dominant and non-
dominant stance limbs for all skill groups. A repeated measures ANOVA found no main 
effects or interactions. Elite: n = 2, recreational: n = 5, non-footballers: n = 9. 
 

 

Figure 6.8 displays the mean total CoP path length as a percentage of foot length for 

dominant and non-dominant stance for all skill levels. A repeated measures ANOVA 

determined a non-significant main effect of limb on total CoP path length, F(1,14) = 

1.945, p = 0.184, ƞ𝑝
2  = 0.122. There was a non-significant main effect of skill level on total 

path length, F(2,14) = 0.269, p = 0.698, ƞ𝑝
2  = 0.05. There was a significant interaction of 

limb and skill level on total CoP path length, F(2,14) = 6.175, p = 0.012, ƞ𝑝
2  = 0.469. Figure 

6.9 displays the interaction between limb and skill level on total CoP path length. Elite 

players had a lower total CoP path length in dominant limb stance than recreational 

players and non-footballers, and a higher total CoP path length in non-dominant limb 

stance than recreational players and non-footballers. In dominant stance, recreational 

players had a higher total CoP path length, but in non-dominant stance, they had a lower 

total CoP path length in comparison to elite players and non-footballers.  
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Figure 6.8 Mean total CoP path length normalised to foot length during kicking for 
dominant and non-dominant stance limbs for all skill groups. A repeated measures 
ANOVA found no main effects or interactions. %FL: percentage foot length. Elite: n = 2, 
recreational: n = 5, non-footballers: n = 9. 
 

 

 

Figure 6.9 Interaction between limb and skill level on total CoP path length 
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Figure 6.10 displays the mean TtB on dominant and non-dominant limbs for all 

participants during kicking. A repeated measures ANOVA determined no main effects of 

limb or skill level on TtB, F(1,14) = 0.110, p = 0.745, ƞ𝑝
2  = 0.008 and F(2,14) = 0.302, p = 

0.744, ƞ𝑝
2  = 0.041 respectively. There was no significant interaction of limb and skill level 

on TtB, F(2,14) = 0.111, p = 0.896, ƞ𝑝
2  = 0.016. 

 

 

 

Figure 6.10 TtB in kicking. Error bars are 1 SD. A repeated measures ANOVA found no 
significant main effects. Elite: n = 2, recreational: n = 5, non-footballers: n = 9. 
 

 

6.5.4 mSEBT 

Experimenter error during data collection and processing resulted in 12 trials being lost 

and caused the discrepancies in degrees of freedom for F ratios. This resulted in the 

following:  Five elite, six recreational and seven non-footballers were included in the 

statistical analysis for reach distance. Five elite, and seven recreational and non-

footballers were included in the analysis for CoP path length. Two elite, six recreational 

and seven non-footballers were included in the analysis for TtB. A 3 x 2 x 2 mixed 

methods repeated measures ANOVA was performed to determine the main effect of, 

and interaction between limb, reach direction and skill level on all dependent variables. 
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6.5.4.1 Reach distance 

Figure 6.11 presents the mean reach distance achieved by each skill level in all directions 

of the mSEBT on each limb. There was a non-significant main effect of stance limb on 

reach distance, F(1,16) = 0.178, p = 0.679, ƞ𝑝
2  =0.011. There was a non-significant main 

effect of skill level on reach distance, F(2,16) = 1.295, p = 0.301, ƞ𝑝
2  = 0.139. There was a 

significant main effect of reach direction on reach distance, F(2,32) = 151.948, p = <0.01, 

ƞ𝑝
2  = 0.905. Anterior and PM reach distances were significantly lower than PM distances 

F(1,16) = 61.59, p = <0.01, ƞ𝑝
2  = 0.794, F(1,16) = 143.436, p = <0.01, ƞ𝑝

2  = 0.9. There was 

a non-significant interaction of limb and skill level on reach distance, F(2,16) = 2.691, p 

= 0.098, ƞ𝑝
2  = 0.252. There was a significant interaction of reach direction and skill level 

on reach distance, F(4,32) = 3.541, p = 0.017, ƞ𝑝
2  = 0.307 displayed in figure 6.12. There 

was a non-significant interaction of limb and reach direction on reach distance, F(2,32) 

= 2.021, p = 1.49, ƞ𝑝
2   = 0.112. There was a non-significant interaction of limb, reach 

direction and skill level on reach distance F(4,32) = 1.612, p = 0.195, ƞ𝑝
2   = 0.168 

 

 
 

 
Figure 6.11 Mean normalised reach distance as a percentage of leg length for all skill 
levels, in each reach direction on each limb for the mSEBT. A mixed method repeated 
measures ANOVA revealed a significant mean effect of reach direction on reach 
distance, p = 0.0. D: dominant, ND: non-dominant, Ant: anterior, PL: post-lateral, PM: 
post-medial; LL: leg length. Elite, n = 5; recreational, n = 6; non-footballers, n = 7.  
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Figure 6.12 Interaction of means of reach direction and skill level on reach distance. A 
mixed design repeated measures ANOVA demonstrated a significant interaction of 
reach direction and skill level on reach distance. 
 
 
 
6.5.4.2 CoP path length 

Figure 6.12 displays CoP path length for participants of each skill level during each reach 

direction on dominant and non-dominant limbs. There were no significant differences 

between any main effects on CoP path length as follows: Limb F(1,16) = 1.670, p = 0.215, 

ƞ𝑝
2  = 0.95; reach direction F(2,32) = 3.212, p = 0.054, ƞ𝑝

2  = 0.167; skill level F(2,16) = 0.582, 

p = 0.57, ƞ𝑝
2  = 0.068. There no significant interactions for the following and CoP path 

length: limb and skill level F(2,16) = 1.535, p = 0.246, ƞ𝑝
2  = 0.161; Reach direction and 

skill level F(4,32) = 0.938, p = 0.430, ƞ𝑝
2  = 0.109; limb and reach direction F(2,32) = 2.007, 

p = 0.151, ƞ𝑝
2  = 0.111; limb, reach direction and skill level F(4,32) = 2.472, p = 0.064, ƞ𝑝

2  

= 0.236. 
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Figure 6.12 Mean normalised CoP path length as a percentage of foot length for all skill 
levels during the mSEBT. Non-significant main effects and interactions as determined by 
a mixed method, repeated measures ANOVA. D: dominant, ND: non-dominant, Ant: 
anterior, PL: post-lateral, PM: post-medial, FL: foot length. Elite, n = 2; recreational, n = 
6; non-footballers, n = 7. 
 

 
 
6.5.4.3 TtB 

Figure 6.13 displays the TtB for participants in each skill group for all reach directions on 

dominant and non-dominant limbs. There were no significant differences between any 

main effects on TtB as follows: limb F(1,12) =  0.038, p = 0.849, ƞ𝑝
2  = .003; reach direction 

F(2,24) = 0.867, p = 0.433, ƞ𝑝
2  = 0.067; skill level F(2,12) = 0.778, p = 0.481, ƞ𝑝

2  = 0.115. 

There were no significant interactions for the following and TtB: limb and skill level 

F(2,12) = 1.171, p = 0.343, ƞ𝑝
2  = 0.163; reach direction and skill level F(4,24) = 1.738, p = 

0.175, ƞ𝑝
2  = 0.225; limb and reach direction F(2,24) = 1.377, p = 0.272, ƞ𝑝

2  0.103; limb, 

reach direction and skill level F(4, 24) = 2.318, p = 0.086, ƞ𝑝
2  = 0.279. 
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Figure 6.13 Mean TtB for all skill levels during the mSEBT. Non-significant main effects 
and interactions as determined by a mixed method, repeated measures ANOVA. D: 
dominant, ND: non-dominant, Ant: anterior, PL: post-lateral, PM: post-medial. Elite, n = 
2; recreational, n = 6; non-footballers, n = 7. 
 

 

 

6.6 Discussion 

This study aimed to investigate whether sport specific measures of dynamic balance 

could differentiate for skill level in football players. A secondary aim was to determine 

whether any relationship existed between limbs and skill level for kicking and mSEBT. 

Eighteen volunteers were recruited into three skill groups: Elite football players, 

recreational football players and non-football players. 3D motion capture and force 

plates were used to capture kinematic and kinetic data during three newly developed 

sport specific balance measures; external forces test, deceleration test, and kicking.  

Additionally, a common measure of dynamic balance in football; the mSEBT was 

employed as a comparative measure. Outcome measures were compared between 

groups to determine their ability to differentiate between skill level and to establish 

whether any relationships exist between limbs for kicking and mSEBT.  
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6.6.1 External forces 

This is the first known study to assess dynamic balance response to lateral perturbations 

during running. Elite players were able to maintain their CoM within a smaller distance 

and recover quicker following the perturbation than recreational and non-football 

players. Despite there being no statistical differences between groups for both CoM 

displacement and TTS, the large effect size observed between elite and recreational 

players for CoM displacement, and between elite and recreational players and elite and 

non-football players for TTS suggests a relationship between skill level and ability to 

control the whole-body CoM. Due to small sample sizes further research would be 

needed to confirm this. 

 

Within previous football participant research there has been an investigation of CoM 

displacement utilising perturbations applied via a translation in the support surface in 

the anterior and posterior directions (Behan et al., 2018). This method is not 

representative when considering perturbations experienced by players during training 

or a game situation occur due to contact with an opponent. Previous research 

investigating standing perturbations have found CoM displacements of 0.6-0.64 cm 

(Rietdyk et al., 1999). As running is a more challenging activity in terms of the control of 

the CoM, it would be expected that higher CoM displacements were experienced by the 

participants in this study.  

 

Recreational footballers experienced the largest CoM displacement, which was 

unexpected. If one was to consider that previous research has proposed that higher level 

athletes possess better dynamic balance ability than lower-level athletes, it would be 

expected that the recreational athletes would have a CoM displacement that was larger 

than elite players but smaller than non-footballers. Elite players presented the lowest 

value of TTS, whereas non-footballers displayed the highest TTS. Higher TTS values have 

been identified in previous research as being indicative of dynamic postural stability with 

lower TTS scores reflective of better balance (Ross & Guskiewicz, 2004; Wikstrom et al., 

2005). The values of TTS within this study are much lower than reported in previous 

research (Ross & Guskiewicz, 2004; Wikstrom et al., 2004), which can be attributed to 

the calculation method of TTS and the difference in task performed. Although there 

were no statistical differences between groups, there were large effect sizes for elite 
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compared to recreational players and elite compared to non-football players, as well as 

a moderate effect for recreational compared to non-football players. It would be of 

interest to determine whether the differences observed in this study could be replicated 

in a study with more statistical power. 

 

Differences are evident between groups for magnitude of CoM and TTS and the effect 

sizes suggest a relationship between the outcomes at the different skill levels, with 

differences between groups of; 2 - 4 cm, and 0.5 - 1.08 s for CoM magnitude and TTS 

respectively. It is difficult to determine whether the results of this test indicate that a 

lower CoM displacement and quicker time to stabilise following the release of lateral 

perturbation force are associated with a higher skill level in football due to the small 

sample size used within this investigation. A power analysis performed with Gpower (G 

Power version 3.1.9.4, Franz Faul, Universitat Kiel, Germany) indicated that a sample 

size of 81 participants would be necessary to identify whether there was a significant 

difference between groups for CoM displacement and TTS and therefore, to confirm 

whether these differences are present in the wider population groups. 

 

It is important to consider that when the perturbation was applied and released that the 

point in the gait cycle of participants was different. This is because depending on which 

foot was in stance phase when the perturbation was applied or released would affect 

the recovery of the participant. For example, if the release of the perturbation occurred 

when the participant’s right foot was in contact with the treadmill, they would not be 

able to correct until a full stride later. The lateral perturbation was performed multiple 

times within the trial, these were randomised, and an average of outcome measures 

was calculated. Although this may have reduced systematic differences there is still a 

chance that this may have affected the results. A robust and computerised method of 

identifying the phase of the gait cycle on each leg and apply the perturbation at different 

points within the gait cycle would have added complexity to the study and any results 

would only apply to those points of the gait cycle. Further research should look to 

address whether differences are evident with perturbations applied and released on 

both sides of participants and at different magnitudes and times. 
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6.6.2 Deceleration Test 

The lack of statistical significance between groups, small differences (up to 1 mm) and 

trivial and small effect sizes would suggest that CoM AP range is not sensitive enough to 

identify differences in dynamic balance ability across skill levels during a deceleration 

test. The large effect sizes observed for both TTS and step frequency between elite and 

recreational players and recreational and non-footballers may be spurious and related 

to the larger variability of values in the elite and non-football players. As recreational 

players had a lower CoM range it may be that the lower TTS was related to this. A 

relationship between a lower TTS and higher step frequency was observed for elite 

players only. Individual step frequency identified that the participant with the highest 

step frequencies were midfielders and forwards. As the elite players will train more 

often than recreational players and the non-footballers will not be subjected to 

performing decelerations, the higher step frequency demonstrated by elite players may 

have been developed through these experiences. However, it is difficult to know 

whether inherent predispositions are present in the higher level footballers (Balter et 

al., 2004; Paillard & Noe, 2006; Perrin et al., 2002). Further investigation with a larger 

number of participants is required to determine whether this relationship is meaningful.  

 

It is possible that performance on the deceleration test might be related to playing 

position. It has been demonstrated that different elite playing positions experience 

different numbers of accelerations within games with forward and midfield playing 

positions experience higher and more decelerations than other playing positions (Mara 

et al., 2017; Oliva-Lozano et al., 2020; Vigh-Larsen et al., 2018). It is possible that the 

methodological choices of the deceleration test had an impact on the outcomes. 

Decelerations have been identified as being as common as accelerations (Harper et al., 

2020; Osgnach et al., 2009; Spencer et al., 2004) and important to success for players 

(Carling et al., 2008; Haroer et al., 2020; Reilly et al., 2000). In this investigation the 

deceleration rate of the treadmill was 5 ms-2, categorised as a very high deceleration 

(Akenhead et al., 2013; Góralczyk et al., 2003; Hodgson et al., 2014). This is higher than 

deceleration rates experienced by elite players during game scenarios (Oliva-Lozano et 

al., 2020). There is a possibility that the very high deceleration rate caused a lot of 

variability in the data. Further work should investigate whether a range of decelerations 

typical for those experienced in the game lead to differences in balance control at 
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varying skill levels. Previous research has identified the dynamic postural control 

strategies in controlling the CoM during decelerations. When decelerating the position 

of the CoM should be posterior to the point of contact with the ground, the stiffness of 

joints is decreased, flight time is minimised and there is a maximised landing distance 

(Andrews et al., 1977). For this reason, it may be of interest in future work to determine 

how the CoM of participants relates to the base of support during this deceleration 

phase to determine any differences in control strategy. During decelerations there are 

predominantly eccentric muscle contractions, with most contractions occurring in the 

hip flexors, knee extensors and planter flexors (Andrews et al., 1977). It is not known 

how the body segments contribute to the control of CoM. It may be more beneficial to 

look at postural control strategies through kinematic analysis to assess any differences 

in limb positions and between participants. Running on an accelerating or decelerating 

treadmill is mechanically different to running overground due to the absence of linear 

whole-body acceleration (Van Caekenberghe et al., 2013). Therefore, the deceleration 

test may be considered inadequate at accurately assessing balance strategies. Further 

work is required to determine whether balance is less critical in deceleration or 

acceleration using methods that best represent the linear whole-body acceleration that 

is experienced in over ground running. This will help determine whether acceleration 

tests can differentiate for skill level and whether any relationships exist between 

dynamic balance control in acceleration and deceleration.  

 

 

6.6.3 Kicking  

The main biomechanical indicator of kicking success is the speed of the ball and is 

influenced by many factors (Kellis & Katis, 2007). This study did not measure speed of 

the ball, however faster ball velocities have been attributed to faster linear velocities of 

the centre of mass of the foot (Nunome et al., 2006). The results of this study found that 

foot velocity was lower than that reported in previous literature (Dorge et al., 2002; 

Nunome et al., 2006). There was no difference in foot velocity between skill level. 

Participants were instructed to kick the ball as hard as they could towards a target. No 

emphasis was placed on the accuracy of the kick and trials were not deemed 

unsuccessful if an accurate kick was not achieved.  
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Elite players performed worst as indicated by a lower linear foot velocity, however there 

were not any statistical differences between groups in performance. There were only 

data available for analysis from two participants within the elite group and one 

participant with the elite group, had returned to play from an ACL injury. Inspection of 

this individual’s results revealed that the linear velocity of their foot was lower than all 

other participants when kicking with their dominant limb and one of the lowest 

velocities for the non-dominant limb. The second elite participant had linear foot 

velocities on each limb higher than 50% of the other participants. Together with only 

two participants, this reduced the mean foot velocity. The lower performance of the 

elite players may also be explained by their interpretation of the task. When accuracy of 

kicking is the focus, there is a reduction in ball speed and linear velocities when 

compared with a powerful kick (Lees & Nolan, 1998; Teixeira et al., 2018). When players 

are instructed to produce a maximal kick, they increase their approach speed and the 

kick is less accurate (Godik et al., 1993). Elite players were more accurate in this kicking 

task than recreational and non-football players. It is possible that for elite players the 

target provided a constraint on the task whereby they traded off speed for accuracy and 

therefore utilised a lower foot speed. There were small effect sizes between groups. A 

larger sample size providing more statistical power is required to determine whether 

any significant differences are present. 

 

Higher foot velocity was exhibited when kicking with the dominant limb (p = 0.004) 

which is comparable to previous research (Dorge et al., 2002). Differences in linear 

velocity of the foot between limbs has been reported to be due to larger angular velocity 

of the shank due to moments of force originated from the muscle forces on the segment 

and from the joint reaction forces (Dorge et al., 2002).  

 

There has been little research that has investigated the importance of balance during 

football kicking tasks, despite the intuitive demands on balance control. Deviations in 

the location of the CoP during the kick in this study provided a way of identifying 

differences in strategies of control of the balance for different skill levels. Previous 

research investigating balance ability and kicking performance has compared the results 

of static balance tests in single leg stance with kicking performance (Chew-Bullock et al., 

2012). The lack of correlations found in the study by  Chew-Bullock et al. (2012) is likely 
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due to the use of a static balance test. There were no significant effects of limb or skill 

level on CoP path length, however the results of this study identified a significant 

crossover interaction of limb and skill level on total CoP path length (p = 0.012). Elite 

players presented a much lower CoP path length when kicking with the non-dominant 

limb whereas recreational and non-footballers had a much smaller difference in path 

length between limbs with a longer path length when kicking with the dominant limb. 

Despite elite players having a lower CoP path length, TtB values were similar between 

limbs and across groups with no significant main effects of limb or skill level nor 

interactions. The small effect sizes suggest that CoP path length and TtB are not sensitive 

enough to differentiate for skill level in footballers during a kicking task. It is important 

to note that for the kicking test data analysed for the elite group included two 

participants. A larger sample size would be needed to provide more statistical power in 

this task. 

 

 

6.6.4 mSEBT 

The non-significant main effect of stance limb on reach distance is comparable to a 

recent  meta-analysis of SEBT performances in sporting athletes (Schorderet et al., 

2021). This study identified a significant main effect of reach direction on reach distance 

with Anterior and PL reach distances significantly lower than PM reach distances (p = 

<0.01). There was a significant interaction of reach direction and skill level on reach 

distance with elite players having a significantly lower reach score in the PL direction (p 

= 0.017) than the other skill groups. In this study all participants reached furthest in the 

PL direction and least in the anterior direction which is comparable with previous 

research in basketball and football players (Ates, 2017; Emirzeoğlu & Ülger, 2020). 

However, there are  studies where higher reach distances were observed for anterior 

reach direction (Akinci et al., 2019) and PM reach direction (Bhat & Moiz, 2013; John et 

al., 2018) in football players. When comparing footballers to controls, previous research 

has identified that football players reached significantly further in the anterior and 

posterior directions  (Thorpe & Ebersole, 2008) however, there is also evidence that 

lower level footballers have reached further in the anterior reach than elite footballers 

(Butler et al., 2012). Thorpe & Ebersole (2008) explained differences as being associated 

with a training effect. Butler et al., (2012) suggested that previous research highlighting 
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the effect of ankle instability might explain the differences. As this study and that of 

Butler et al., (2012) did not collect information regarding previous injury history it is 

difficult to establish any direct relationship.  

 

The results of the mSEBT reach distance as a performance measure in this study does 

not support the viewpoint that higher-level athletes perform better in dynamic balance 

tests. Whilst recreational players did reach further than controls in all reach directions, 

they also reached further than elite players, which does not support the argument of 

the effect of training on performance. The kinetic measures employed in this research 

were included to provide a way of identifying strategies that might explain differences 

in performance. There were no significant main effects or interactions observed for CoP 

path length or TtB. Visual inspection of the data provides little information regarding 

any obvious trends.  

 

For CoP path length, elite players demonstrated slightly lower values and recreational 

players demonstrated slightly higher values. It is possible that the reach distance might 

have influenced the path length; however, observing individual performances within 

groups does not support this. On observation of the participants performing the test, 

the most challenging reach direction in terms of unsuccessful attempts was in the PM 

reach, however there is not an obvious trend that would indicate that the CoP path 

length was higher or lower based on the difficulty of the reach direction. For TtB elite 

players displayed a higher value overall which might be attributed to better dynamic 

postural stability, however there were only two participants’ data used in the analysis 

and there are very large variances. Additionally, observing the individual values for the 

two participants, the highest and lowest values fall within the highest and lowest values 

within the other groups. 

 

Movements involved in the mSEBT are multi-limb and multi-articular (Kinzey & 

Armstrong, 1998). There is a controlled lowering of the body involved in achieving the 

reach. Previous research has suggested that reach distances are greatly affected by joint 

range of motion and muscular strength. Anterior reach distance is affected by knee 

flexion and ankle dorsiflexion range of motion of the stance limb and hip flexion, knee 

extension and ankle plantarflexion of the reaching limb. The hip flexors have an 
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increased role in the support of the stance leg during the PL reach, with hip internal 

rotators providing stability of the pelvis in the 90o lateral movement (Akinci et al., 2019). 

Additionally, research suggests that lower limb isometric strength plays a role in 

performance of the mSEBT (Chtara et al., 2016). A reliability study by Kinzey & 

Armstrong (1998) found moderate estimates of reliability in maximal reach distances 

and discuss different movement trajectories as a possible explanation for random high 

and low reach distances. The kinematic strategies involved in achieving reach distances 

has not been assessed for this study but may provide further information regarding 

differences in strategies employed by participants. It may be of interest to determine if 

the kinematics of stance and reaching limbs may explain the lower distances of elite 

football players. Inherently, there is more variability associated with the movements of 

the mSEBT than single limb and uniarticular movements (Walter et al., 1993). In 

activities of daily living and sport, a person would not normally challenge their state of 

equilibrium in single leg stance to the extent required in this test. Additionally, the static 

base of support of the mSEBT identified discussed in Chapter 2 and the taxonomy 

classification of a non-moving base of support with suprapostural acceleration providing 

a destabilising challenge, identifies the mSEBT as a non-sport specific measure of 

dynamic balance. Furthermore, the methodological difficulties associated with the 

mSEBT identified in Chapter 2 can influence individual performance.  

 

The results of this study indicate that a test involving a lateral perturbation during 

running can differentiate for skill level in football players. With highly skilled players 

demonstrating a better stability and quicker recovery of the CoM. Tests of deceleration, 

mSEBT and kicking were not able to differentiate for skill level. Within these tests, the 

elite players often performed in a way that could be considered inferior to recreational 

and non-footballers. It is possible that fatigue prior to the testing session may have 

impaired the performance of these players. A Player’s physical performance is often 

temporarily impaired due to the stress associated with training and competition (Thorpe 

et al., 2015). The impairment can be acute, last minutes or hours possible stemming 

from metabolic disturbances and substrate utilisation associated with high intensity 

exercise. Additionally, impairment can last for days with exercise induced muscle 

impairment  and delayed-onset muscle soreness (Barnett, 2006). Biomechanical and 

biochemical changes such as decline in leg power, maximum isometric force alterations 
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and activity of the quadriceps (Nicol et al., 1991), decline in the vertical jumping ability 

(Rodacki et al., 2001), changes in ground reaction forces and joint kinematics of running 

(Mizrahi et al., 2000; Williams et al., 1991) and increased lactate production (Bangsbo, 

1997) are caused by fatigue. Training levels and activities prior to testing were not 

recorded for participants so it is difficult to determine whether this may have been a 

factor in the performance. Elite participants within this study were tested in the middle 

of the in-season. The performance of elite footballers is strongest during pre-season and 

declines as the season progresses as identified in personal communication with Sport 

Science staff of a professional football club. As the elite players within this study were 

tested in the middle of the season, it is possible that their performance does not reflect 

their abilities when at their peak. Additionally, as one participant had returned to play 

from injury there is a possibility that their performance was affected by this. 

 

 

6.7 Limitations 

The participants recruited into the recreational players’ skill group were from a wide 

range of playing levels from collegiate level to non-league to Sunday league teams. 

Additionally, some of the non-footballer participants were involved in other sports such 

as cycling and athletics. It is unknown how involvement in other sports and such a large 

range of skill level within the recreational group may have influenced performance 

measures and dynamic postural control strategies chosen in these groups. Additionally, 

the very small sample size of elite players in the kicking task and mSEBT mean it is 

difficult to determine whether the performance and dynamic postural control strategies 

displayed by these participants is reflective of this skill level. 

 

The elite players displayed a reduced performance in the deceleration, kicking and 

mSEBT tests. A possible limitation of these tests are that they do not represent all the 

environmental constraints of the tasks in the real world and are therefore lacking in 

representative design (Pinder et al., 2011). During kicking for example, footballers would 

be influenced by the size of the goal and the presence of a goalkeeper. Additionally, elite 

footballers may have underperformed due to motivational cues missing from the task 

such as evading an opponent or a goal scoring opportunity.  
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During the kicking task an assumption was made that the foot markers remained in the 

same position from heel contact to impact with the ball. The TtB was calculated from 

impact with the force plate and as participants brought their swing leg through their 

heel raised off the force platform. As heel movement was not analysed in this task it is 

not known how this may have impacted CoP path length and the calculation of TtB.   

 

Future research should investigate the use of non-linear methods of analysis, for 

example fractal dimension and detrended fluctuation analysis, to identify whether they 

provide more sensitive measures with the potential to reveal whether different postural 

control strategies exist between groups. There are aspects of the tests that could have 

been improved to provide more sensitive performance measures. For example, kicking 

accuracy and linear ball speed in the kicking task may have been more sensitive in 

detecting performance differences between groups. In the deceleration test, the use of 

a performance measure over ground such as time and/or distance to achieve a pre-

determined change in velocity may have been better at differentiating deceleration 

ability between highly skilled and less skilled footballers. 

 

 

6.8 Conclusion 

The external forces test shows promise at being a measure that can differentiate for skill 

level in football. Interpretation of effect sizes for the deceleration and kicking tests 

indicate that the test or the outcome measures chosen are not able to differentiate for 

skill level in football. The mSEBT is not a good test to measure performance nor is it able 

to differentiate skill level of male footballers. Further work is required to determine the 

best performance measures to be used in the mSEBT, kicking task and deceleration task 

and to identify measures that are sensitive enough to differentiate for skill level in male 

footballers by identifying dynamic postural control strategies. Due to the many factors 

that affect performance in these tests and the inability to determine dynamic postural 

control strategies between groups, further work should look to modify the tests to make 

them more sensitive.  

 

Previous research has highlighted that in measurements of CoP deviations in balance 

tasks, large deviations may represent poor postural control in some individuals and in 
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others an effective means of achieving balance (Palmieri et al., 2002).  The lack of 

obvious trends between performance measure and dynamic postural control measures 

in the deceleration test, kicking test and mSEBT makes it difficult to determine whether 

a smaller CoP path length relates to a better performance. Further work should 

investigate whether other measures provide a better indication of dynamic postural 

control strategies. As well trained individuals may use different strategies to perform 

the same task over repeated trials (Palmieri et al., 2002) and within this body of research 

elite players performed in unexpected ways, it is of interest to use a larger sample of 

elite players to determine how much variability occurs between trials and within 

participants.  

 

Due to small and unequal sample sizes within this investigation, the degree to which 

these results are representative of the wider population groups in unknown. Caution 

should be used when interpreting and generalising these results to the wider population 

of these skill levels. Further work using larger sample sizes is required to confirm any 

differences between and within groups. 
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Chapter 7 Overall Discussion 

 

7.1 Introduction 

This chapter discusses the results of this programme of research. An overview is 

presented by summarising the findings of each objective. This is followed by 

implications, limitations of the findings, future directions and finally a conclusion.  

 

 

7.2 Summary of findings 

Objective 1: To provide a critical review of literature in dynamic balance, establishing 

current knowledge and identifying gaps that require further research. 

 

Initially a literature review informed the current programme of research by identifying 

that there was ambiguity surrounding the definition of dynamic balance and associated 

terms and that there were many dynamic balance tests available with no method of 

identifying an appropriate test. The importance of dynamic balance in elite level sport 

was discussed as well as its multidimensional nature and dependence on context. 

Evidence was presented demonstrating that in some sports higher-level athletes have 

better balance skill, and athletes in some sports have better balance than in other 

sports. It was identified that dynamic balance measures used within sport and in 

particular football, underrepresent the demands placed on the postural control system 

and that different sports are likely to have different balance requirements. Therefore, 

there was a need for sport specific balance measures. The literature review identified 

that two methods of determining test suitability exist (Huxham et al., 2001; Pardasaney 

et al., 2013). However, due to their limited assessment of tests relating to falls and 

community dwelling older people there was no evidence that they would be valuable 

tools for assessing balance measures for other populations and more specifically for 

sport. As there is a lack of research that has investigated different components of 

balance nor a method for identifying these components and suitable tests, a framework 

for identifying components and aligning suitable tests would complement definitions 

encompassing all scenarios of dynamic balance. 

 



 

156 
 

Objective 2: To understand and provide an encompassing definition of dynamic balance 

and associated terms. 

 

A scoping review was performed to identify definitions of dynamic balance and 

associated terms and to identify the range of tests available. A key paper (Pollock et al., 

2000) was identified that aspired to bring the terms into concordance and it was 

identified that this has not been satisfied, as existing definitions were identified as not 

providing coverage of a full range of dynamic balance circumstances (Hof et al., 2005). 

The ambiguity of terms and lack of specificity in tests were identified as barriers to 

development of research in this area. The evidence provided a clear need for dynamic 

balance, dynamic postural control, and dynamic stability to have distinct and precise 

meanings. The definitions developed in Chapter 3 extended the proposed definitions of 

Pollock et al. (2000) by incorporating organismic and environmental constraints based 

on Newell’s constraints model (Newell et al., 1989) providing independent terms that 

account for real-world scenarios in sports and clinical settings.  

 

  

Objective 3: To identify the important dimensions of dynamic balance in football and to 

identify sport specific measures of dynamic balance in football. 

 

The existing taxonomies of Huxham et al. (2001) and Pardasaney et al. (2013) are 

methods of classifying balance tests by task and environment; they were found to be 

inadequate in classifying components of balance identified in the wide range of tests 

due to their targeted application within falls and community dwelling older adult 

populations. As a result, a new taxonomy was developed which extended that of 

Pardasaney et al. (2013) with a focus on the task and environmental constraints of 

Newell’s constraints model (Newell et al., 1989). The benefits of the newly developed 

taxonomy are threefold. Firstly, it provides a method by which components of balance 

considered important within a population and/or sport can be classified. Secondly, it 

allows researchers and clinicians to identify the strengths and limitations within dynamic 

balance tests and select assessments that are adequately challenging for the population 

being tested. Finally, it provides a tool by which appropriate measures can be chosen 

through alignment with existing tests.  
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An investigation was conducted into important components of balance within football. 

All movements occurring in football were identified through the Bloomfield Movement 

Classification (Bloomfield et al., 2004) and presented in a questionnaire to football 

professionals. A rating scale (3,2,1) was employed to determine football professionals’ 

expert opinion on how the movement in each question related to each of the four 

performance categories: creating a goal scoring opportunity, defending around the box, 

winning a tackle/regaining possession, injury risk. Additionally, all the movements were 

classified through the taxonomy developed in Chapter 4 and grouped where 

classifications were the same. The results of the classification identified that the highest 

frequency of postural equilibrium involved a non-static BoS, yet popular dynamic 

balance measures used in football populations involve a static BoS. Furthermore, the 

highest frequency of destabilising challenges classified from football movements were 

vertical and anterior-posterior whole- body accelerations, and an imposed external 

lateral force which are also not represented in commonly used dynamic balance tests in 

football. The results of the questionnaire identified that the highest rated groups of 

movement were: 1., shielding the ball, a shoulder barge whilst running, jostling to win 

the ball and shielding the ball whilst jostling; 2., accelerating and braking; and 3., a single 

leg kick or standing volley. None of the existing dynamic balance tests aligned with these 

classifications, suggesting that previous research has not identified the components of 

balance that should be tested for in football. The outcomes of the present study also 

suggest that previous research has not made use of sport specific tests to assess dynamic 

balance in football and that the taxonomy is a useful tool that provides a method of 

classifying important components of dynamic balance in sport and identifying 

appropriate tests. 

 

As none of the existing dynamic balance tests aligned with the movements identified as 

important in Chapter 5, football specific measures of dynamic balance were developed 

to provide the required specificity. Existing dynamic balance tests and performance tests 

used in football were considered and critiqued where they satisfied either the postural 

equilibrium or destabilising challenges of the classification of the football movements 

using the taxonomy. Logistical constraints were also taken into consideration in 

development of the new measures.  
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Objective 4: To investigate the extent to which dynamic balance ability differentiates 

between skill levels in football and whether differences exist between limbs. 

 

The final study within this programme of research investigated whether the newly 

developed sport specific measures of dynamic balance could differentiate for skill level 

in football players. A common measure of dynamic balance in football, the mSEBT, was 

also used to determine its suitability as a measure of dynamic balance when outcomes 

measures pertaining to the dynamic postural control strategies were investigated, and 

as a reference measure due to its popularity. A secondary aim of the final study was to 

determine whether any relationship in dynamic postural control existed between limbs 

and skill level in kicking and the mSEBT. 3D motion capture and force plates were used 

to determine performance measures and dynamic postural control strategies in 

footballers to determine whether they could differentiate for skill level. Three new 

dynamic balance tests were employed following identification through the taxonomy in 

Chapter 5. These were external forces test, deceleration test, kicking test. The results of 

the final study in this programme of research identified that the external forces test 

shows promise at differentiating for skill level between footballers as determined by 

effect size. The performance measures of the dependent variables of the mSEBT, kicking 

task and deceleration task may not suggest a higher dynamic balance ability for elite 

players compared to recreational or non-players. Additionally, it was not possible to 

identify dynamic postural control strategies that indicated a better or worse 

performance.  The small and unequal sample sizes within this final study suggests that 

the degree to which these results are representative of the wider population groups in 

unclear. Therefore, further work using larger sample sizes is required to determine any 

differences between and within groups. 

 

7.3 Limitations 

The results of this programme of research may have been influenced by various 

limitations. These limitations have been discussed in detail in each individual chapter. 

For this reason, there will be a brief discussion of the limitations in the current section. 

 

A scoping review was chosen as a method of synthesising the research on dynamic 

balance, dynamic postural control and dynamic postural stability. Therefore, the 
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literature that informed the newly proposed definitions and taxonomy of movements 

and tests was not critically appraised and did not produce a synthesised result unlike 

other forms of systematic review. However, the indication for a scoping review was to 

identify current knowledge in a broad topic area, and to determine the range and 

quantities of tests of dynamic balance used which has been recommended as an 

appropriate methodology in this case (Munn et al., 2018). The scoping review was 

conducting following Arksey and O’Malley’s (Arskey & O’Malley, 2005) 5-stage 

framework and the recommendations of (Levac et al., 2010). Any relevant papers or 

tests that may have been missed due: to the confinement of search terms to the title, 

the limited range of publication dates selected and the restriction to English language 

publications may have impacted the tests classified through the taxonomy and in turn 

the development of sport specific tests in Chapter 6. However, there was a clear pattern 

of the literature in the scoping view and development of the tests investigated key 

literature and citation searching to inform decisions. Furthermore, in development of 

the definitions and taxonomy, a multidisciplinary team was employed in the discussion 

and decision making, suggesting a sufficiently broad coverage was likely. 

 

The important movements identified for use in determining dynamic balance 

components in football were based on success of the game and injury implications. A 

questionnaire was used to determine football professionals’ considerations. There is a 

possibility that due to most questionnaire respondents being Championship level 

professionals, the movement choices may only be specific for that level of football. 

Therefore, it is not known whether these movements would be considered equally as 

important in the Premier league or lower professional leagues below Championship. 

Championship level teams were targeted for recruitment of elite participants in the final 

study of this programme of research and the results may be indicative of that skill level. 

Furthermore, it was not identified whether some components of dynamic balance are 

more important for either injury risk or performance as during the classification of the 

football movements the scores were grouped. Further work may wish to determine 

whether dynamic balance components may be different based on determination of 

injury risk or performance ability. Use of a Delphi poll or time-motion analysis in football 

may provide alternative methods for determining the important movements in football, 

however within this study they were deemed inappropriate and questionnaire data 
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provided highly structured data with more convenience for participants. It is not known 

whether important movements might differ at different skill levels and there is no 

research to date that has addressed this. For this study it was considered more 

appropriate to determine the components of balance for the higher skilled athletes.  

 

In the final study of this programme of research, small and unequal sample sizes may 

have influenced the results. Therefore, caution must be applied when generalising the 

results to the wider football community. The participants recruited into the recreational 

players skill group were from a wide range of playing levels from collegiate level to non-

league to Sunday league teams. Additionally, some of the non-footballer participants 

were involved in other sports such as cycling and athletics. It is not known how 

involvement in other sports and such a large range of skill level within the recreational 

group may influence and performance measures and dynamic postural control 

strategies chosen in these groups. Additionally, the very small sample size of elite 

players in the kicking task and mSEBT mean it is difficult to determine whether the 

performance and dynamic postural control strategies displayed by these participants is 

reflective of this skill level. 

 

The elite players displayed a reduced performance in the deceleration, kicking and 

mSEBT tests. A possible limitation of these tests are that they do not represent all the 

environmental constraints of the tasks in the real world and are therefore lacking in 

representative design (Pinder et al., 2011). During kicking for example, footballers would 

be influenced by the size of the goal and the presence of a goalkeeper. Elite footballers 

may have underperformed due to motivational cues missing from the task such as 

evading or a goal scoring opportunity. Additionally, injury and fatigue may be a factor 

that should be considered in relation to performance of elite players. 

 

Finally, during the kicking task an assumption was made that the foot markers remained 

in the same position from heel contact to impact with the ball. The TtB was calculated 

from impact with the force plate and as participants brought their swing leg through 

their heel raised off the force platform. As heel movement was not analysed in this task 

it is not known how this may have impacted the calculation of TtB if there was a 

rearwards movement of the CoP involved in the stabilisation.  It is possible that some of 
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the measures within the tests were not sensitive enough to differentiate between skill 

level both in the balance and performance aspects of the tests. Alternative methods of 

assessing performance and additional measures using non-linear methods should be 

investigated to determine whether they are more sensitive at detecting differences 

between groups. 

 

 

7.4 Implications of findings 

The findings of the programme of research have significant implications in furthering 

knowledge of this research area. This body of work proposes a new set of definitions for 

the most common terms used to describe dynamic balance (dynamic balance, dynamic 

postural control and dynamic stability) that consider Newell’s constraints model (Newell 

et al., 1989) and accounts for the full range of dynamic balance situations not accounted 

for in previous definitions. It is recommended that future research in this field refers to 

these definitions. The benefit of the adoption of these new definitions would provide 

less ambiguity in the use of these terms and would result in the removal of barriers in 

the development of a coherent research base in dynamic balance. 

 

The findings of Chapters 4 and 5 support the view that dynamic balance is not a single 

construct and is multi-dimensional. A taxonomy has been developed that has the 

potential to categorise components of dynamic balance in football as well as other 

sports and activities based on postural task and environmental constraints. Additionally, 

through classification of existing dynamic balance tests it provides a method of assessing 

the suitability of a dynamic balance test for a particular population and in identifying 

whether a test exists that provides specificity for movements of interest. The use of the 

taxonomy in future research when identifying dynamic balance components and sport 

specific tests in the assessment of dynamic balance would strengthen the evidence in 

identifying whether higher skilled athletes demonstrate better dynamic balance ability 

and whether dynamic balance ability differs between athletes of different sports based 

on the important movements identified in those sports. 

 

This research has practical implications relevant to football development in particular 

the training of footballers and the decision process in retain and release of players at 
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academy level. Within Academy football provision, players can be anecdotally referred 

to as a “poor mover”, based largely on fitness scores and subjective opinion of observed 

movements. The use of dynamic balance testing, such as those within this research, 

would provide an objective measure, which would support multidisciplinary team 

decisions in either retaining or releasing a player, and individual training programme 

planning. The outcomes of testing would contribute to the rationale of developing an 

individual’s balance, other skills or released based decisions. The use of sport specific 

measures of dynamic balance tests in pre-season screening would provide benchmarks 

for injured players and new players joining the club. 

 

 

7.5 Future directions 

The results of this thesis provide a basis for future research in dynamic balance. Three 

of the dynamic balance tests used in the final study: deceleration, kicking and mSEBT did 

not demonstrate the ability to differentiate for skill level in footballers. A major 

limitation of this study was the small sample sizes. Further work should identify whether 

these tests remain unlikely to identify dynamic postural control strategies with a larger 

sample size which would provide more power. As it was not possible to identify different 

postural control strategies between the recreational players and non-footballer groups, 

this work should also seek to identify whether movement strategy differences exist at 

an individual level. Bartlett et al. (2007) suggests that in more complex tasks variability 

of movement strategies occurs between individuals and between trials, it is of interest 

to determine whether performance and control strategies of individual participants 

differ in this way. This variability might help explain the inability of the tests to identify 

any dynamic postural control strategies related to performance measures. Finally, there 

is no consensus in the literature as to which measurable parameter quantifies postural 

control (Palmieri et al., 2002). The use of joint kinetics and kinematic variables may help 

to explain strategies in dynamic postural control. Additionally, investigation of non-

linear methods may provide a method of quantification of the time-varying structure of 

dynamic postural control patterns (Zemkova, 2011). 
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7.6 Conclusion 

The goal of this research was to investigate whether sport specific measures of dynamic 

balance could differentiate for skill level in footballers. The newly proposed definitions 

provide independent terms that consider the organismic, task and environmental 

constraints necessary to account for real-world scenarios. The taxonomy provides a 

method of categorising movements and dynamic balance tests in order to determine 

appropriate and specific measures of dynamic balance for any sport or activity. The 

external forces test suggested that highly skilled footballers performed better than 

lower-level footballers and that the dynamic postural control strategy involved 

maintaining the CoM within a smaller range. Larger sample sizes are required before this 

can be interpreted as definitively representing these populations. The deceleration test, 

kicking test and mSEBT were not able to determine differences in performance of 

dynamic balance nor was it possible to identify what dynamic postural control strategies 

explained the performance. Further work should address the use of these tests and 

outcome variables as methods of differentiating for skill level in footballers in larger 

sample sizes and incorporate the use of joint kinematics and kinetics, and the use of 

non-linear variables for assessing dynamic postural control strategies. 
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Chapter 9 Appendices 

Appendices 
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Guskiewicz, K.M. and D.H. Perrin, 1996. 
Research and clinical applications of assessing 
balance. J. Sport Rehabilitation, 5: 45-63. 
Gribble, P.A. and T. Kaminski, 2003. The star 
excursion balance test as a measurement tool. 
Athletic Therapy Today, 8(2): 46-47. 
Blackburn, J.T., W.E. Prentice, K.M. Guskiewicz 
and M.A. Busby, 2000. Balance and joint 
stability: the relative contributions of 
proprioception and muscular strength. J. Sport 
Rehabilitation, 9(4): 315-328.  
Sebahattin, D. and G. Ismail, 2011. The effect 
of an Eight-Week Swimming Training on 
Capillary Oxygen Saturation and Respiratory 
Parameters. World Applied Sciences J., 15(11): 
1598-1603. 

Middle East 
Journal of 
Scientific 
Research 

11 3 304 
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Al-Khlaifat 
L, 
Herrington 
LC, Tyson 
SF, 
Hammond 
A, Jones 
RK. 

The 
effectiveness of 
an exercise 
programme on 
dynamic balance 
in patients with 
medial knee 
osteoarthritis: A 
pilot study. 

2016 1 ability to maintain a 
stable base of 
support while 
performing 
amovement or a 
prescribed reaching 
or leaning task 

Guskiewicz KM, Perrin DH. Research and 
clinical applications of assessing balance. J 
Sport Rehabil 1996;5:45–63. 

Knee 23 5 849 

Amiri-
Khorasani 
M. 

Acute effects of 
different 
stretching 
methods on 
static and 
dynamic balance 
in female 
football players 

2015 1 requires the ability 
to maintain balance 
during a transition 
from a dynamic to 
a static state 

Ross SE, Guskiewicz KM, Gross MT, Yu B (2009) 
Balance measures for discriminating between 
functionally unstable and stable ankles. Med 
Sci Sports Exerc 41(2): 399–407 

  22 2 68 
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Start 
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Anoop,Agg
arwal;Kalp
ana,Zutshi;
Jitender,M
unjal;Suraj
,Kumar 

effect of core 
stabilization 
training on 
dynamic balance 
in non-
professional 
sports players 

2010 1 1.person’s ability to 
move the COP 
(center of pressure) 
in a given direction 
within the LOS 
(limits of stability)1. 
2. Ability of 
maintaining a 
stable base of 
support while 
completing a 
prescribed 
movement. 
83.balance on a 
single limb while 
manipulating the 
other limb15. 4. def 
used in method: 
Dynamic balance in 
this study is defined 
as testing 
maneuvers that 
required dynamic 
limb segment or 
whole body 
movements whilst 
maintaining 
balance on a single 
foot. (no ref) 

Anne Punakallio. Balance abilities of workers in 
physically demanding jobs: with special 
reference to firefighters of different ages. 
Journal of sport science & medicine, 2005; 4(8): 
1-46Gribble.P.A, Hertel J. Consideration for 
normalizing measures of the star excursion 
balance test. Measure Physical Education 
Exercise Science. 2003;7(2): 89-100Kinzey Sj . 
The reliability of the star-excursion test in 
assessing dynamic balance. JOSPT, 1998; 27(5): 
356- 360 

Indian Journal of 
Physiotherapy & 
Occupational 
Therapy 

4 4 18 
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Baghbanin
aghadehi,F
atemeh;Re
za 
Ramezani,
Ali;Hatami,
Farzaneh 

the effect of 
functional 
fatigue on static 
and dynamic 
balance in 
female athletes 

2013 1 semi dynamic: 
keeping the status 
when the base of 
support is moved 
dynamic: 
maintaining a 
stable base of 
support while 
completing 
prescribed 
movements 

Gribble.P.A, Hertel J. Consideration for 
normalizing measures of the star excursion 
balance test. Measure Physical Education 
Exercise Science. 2003;7(2): 89-100 
Zemkova, E., Viitasalo, J., Hannola H., et al 
(2007) The effect of maximal exercise on static 
and dynamic balance in athlete and non-
athlete. J Medicine Sportive 11(3) 70-77 

International 
SportMed Journal 

14 2 77 

Bass, RI An analysis of 
the components 
of tests of 
semicircular 
canal function 
and f static and 
dynamic balance 

1939 1 type of balance 
concerned in 
keeping one's 
equilibrium while in 
motion, or while 
changing from one 
balanced position 
to another. DB then 
pertains to the 
equilibrium 
evidenced through 
a series of changing 
positions taken 
successively 

No reference Research 
Quarterly. 
American 
Association for 
Health, Physical 
Education and 
Recreation 

10 1 33 
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keyword 
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Start 
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Bhat,Rashi
;Moiz,Jam
al Ali 

comparison of 
dynamic balance 
in collegiate 
field hockey and 
football players 
using star 
excursion 
balance test 

2013 1 ability to maintain 
stable position 
while performing a 
task 

Winter, D.A., Patla, A.E., and Frank, J.S. (1990) 
Assessment of balance control in humans. 
Medical Progress through technology 16 31-51 

Asian Journal of 
Sports Medicine 

4 3 221 

Booysen 
MJ, 
Gradidge 
PJ, Watson 
E. 

The 
relationships of 
eccentric 
strength and 
power with 
dynamic balance 
in male 
footballers. 

2015 1 the ability to 
maintain the centre 
of gravity within 
the body’s base of 
support whilst 
performing an 
intended 
movement 

Butler, Robert J., et al. "Dynamic Balance 
Performance and Noncontact Lower Extremity 
Injury in College Football Players An Initial 
Study." Sports Health: A Multidisciplinary 
Approach 5.5 (2013): 417-422. 

  33 20 2157 

Bressel,Ea
dric;Yonke
r,Joshua 
C.;Kras,Joh
n;Heath,Ed
ward M. 

comparison of 
static and 
dynamic balance 
in female 
collegiate 
soccer, 
basketball, and 
gymnastics 
athletes 

2007 1 ability to perform a 
task while main- 
taining a stable 
position (Winter, 
1990) 

Winter, D.A., Patla, A.E., and Frank, J.S. (1990) 
Assessment of balance control in humans. 
Medical Progress through technology 16 31-51 

Journal of Athletic 
Training (National 
Athletic Trainers' 
Association) 

42 1 42 
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Brown, 
C.N., Ko, J., 
Rosen, 
A.B., 
Hsieh, K. 

Individuals with 
both perceived 
ankle instability 
and mechanical 
laxity 
demonstrate 
dynamic 
postural stability 
deficits 

2015 3 a measure of 
functional 
performance while 
stabilizing the body 
to transition from a 
moving to a static 
state  

Wikstrom, E. A., Tillman, M. D., Chmielewski, T. 
L., Cauraugh, J. H., & Borsa, P. A. (2007). 
Dynamic postural stability deficits in subjects 
with self-reported ankle instability. Medicine & 
Science in Sports & Exercise, 39(3), 397–402 

Clinical 
Biomechanics  

30 10 1170 

Butler,Rob
ert 
J.;Southers
,Corey;Gor
man,Paul 
P.;Kiesel,K
yle 
B.;Plisky,P
hillip J. 

differences in 
soccer players' 
dynamic balance 
across levels of 
competition 

2012 1 ability of an 
individual to 
maintain stability of 
the center of mass 
during movement  

No reference Journal of Athletic 
Training (Allen 
Press) 

47 6 616 

Butz, S.M., 
Sweeney, 
J.K., 
Roberts, 
P.L., Rauh, 
M.J. 

Relationships 
among Age, 
Gender, 
Anthropometric 
Characteristics, 
and Dynamic 
Balance in 
Children 5 to 12 
Years Old 

2015 1 operationally 
defined as the 
ability to maintain 
postural control 
during movements, 
such as reaching or 
walking 

Westcott SL, Lowes LP, Richardson PK. 
Evaluation of postural stability in children: 
current theories and assessment tools. Phys 
Ther. 1997;77:629-645. 

Pediatric Physical 
Therapy , 

27 2 126 
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Start 
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Byrne,Jean
nette 
M.;Roberts
,Joni;Squir
es,Heidi;R
ohr,Linda 
E. 

the effect of a 
three-week wii 
fit balance 
training 
program on 
dynamic balance 
in healthy young 
adults 

2012 1 ability to respond 
to perturbation 
(either internal or 
external) in a way 
that ensures 
stability s 
maintained(Horal, 
2006) 

Horak, FB (2006) Postural orientation and 
equilibrium: what do we need to know about 
neural control of balance to prevent falls? Age 
and Ageing  35 S2 ii7-ii11 

International 
SportMed Journal 

13 4 170 

Cankaya 
S., 
Gokmen 
B., 
Tasmektep
ligil M.Y., 
Con M. 

Special balance 
developer 
training 
applications on 
young males’ 
static and 
dynamic balance 
performance 

2015 1 ability to transfer 
from a dynamic 
state to a static 
state or to maintain 
stability while 
performing 
dynamic motions  

Distefano LJ, Clark MA, Padua DA 2009. 
Evidence supporting balance training in healthy 
individuals: A systemic review. Journal of 
Strength and Conditioning Research, 23: 2718–
2731.  
Ross, SE and Guskiewicz, KM. Examination of 
static and dynamic postural stability in 
individuals with functionally stable and 
unstable ankles. Clin J Sport Med 14: 332–338, 
2004. 

Anthropologist 19 1 31 

Cattaneo 
D, 
Jonsdottir 
J, Coote S. 

Targeting 
Dynamic 
Balance in Falls-
Prevention 
Interventions in 
Multiple 
Sclerosis:  

2014 1 refers to situations 
in which either or 
both the center of 
mass and base of 
support are in 
motion—for 
example, 
transitioning 
between postures 
or positions and 
walking. 

no reference Int J MS Care 16 4 198 
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Chevidikun
nan MF, Al 
Saif A, 
Gaowgzeh 
RA, 
Mamdouh 
KA. 

Effectiveness of 
core muscle 
strengthening 
for improving 
pain and 
dynamic balance 
among female 
patients with 
patellofemoral 
pain syndrome. 

2016 1 the capability of 
having suitable 
reactions regarding 
the motor system, 
in order to be able 
to cope up with the 
requirements 
needed for the 
quick alterations of 
position in the 
torso, while 
performing 
activities that add 
stress on the knee 
joint 

No reference J Phys Ther Sci 28 5 1518 

Choi, 
Ahnryul; 
Kang, Tae 
Geon; 
Mun, 
Joung 
Hwan 

Biomechanical 
Evaluation of 
Dynamic 
Balance Control 
Ability During 
Golf Swing 

2016 1 ability to maintain 
posture on an 
unstable surface 
with minimal 
movement or to 
perform a certain 
task while retaining 
a stable posture 

Kioumourtzoglou, E., Derri, V., Mertzanidou, 
O., & Tzetzis, G. (1997). Experience with 
perceptual and motor skills in rhythmic 
gymnastics. Perceptual and Motor Skills, 84(3 
Pt 2), 1363–1372. 
Paillard, T., & Noe, F. (2006). Effect of expertise 
and visual contribution on postural control in 
soccer. Scandinavian Journal of Medicine and 
Science in Sports, 16, 345–348. 

JOURNAL OF 
MEDICAL AND 
BIOLOGICAL 
ENGINEERING 

36 3 430 
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Chtara M, 
RouIssuei 
M, 
Bragazzi 
NL, Owen 
AL, 
Haddad M, 
Chamari K. 

Dynamic 
balance ability in 
young elite 
soccer players: 
implication of 
isometric 
strength. 

2016 1 ability to maintain 
the body’s centerof 
mass whilst 
performing 
movement or a 
functional task. 

4. Butler RJ, Southers C, Gorman PP, Kiesel KB, 
Plisky PJ. Differences in soccer players' dynamic 
balance across levels of competition. J Athl 
Train 2012;476:616-20. 
5. Bressel E, Yonker JC, Kras J, Heath EM. 
Comparison of static and dynamic balance in 
female collegiate soccer, basketball, and 
gymnastics athletes. J Athl Train 2007;421:42-
6. 

J Sports Med Phys 
Fitness.  2016 

Oct-
11 

    

Clyse,S. 
J.;Short,M. 
A. 

the relationship 
between 
dynamic balance 
and postrotary 
nystagmus in 
learning 
disabled 
children 

1983 1 maintaining 
equilibrium when 
the bdy is moving 

No reference Physical & 
Occupational 
Therapy in 
Pediatrics 

3 3 25 

Davlin,Chri
stina D. 

dynamic balance 
in high level 
athletes 

2004 1 maintaining 
equilibrium during 
motion or re-
establishing 
equilibrium 
through rapid and 
successively 
changing positions 

No reference Perceptual & 
Motor Skills 

98 3 1171 
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Davlin-
Pater,Chris
tina 

the effects of 
visual 
information and 
perceptual style 
on static and 
dynamic balance 

2010 1 dynamic balance 
requires continuous 
postural 
adjustments to 
maintain 
equilibrium 

No reference Motor control 14 3 362 

De Ridder, 
R.Willems, 
T. 
M.Vanrent
erghem, 
J.Roosen, 
P 

Effect of a 
Home-based 
Balance Training 
Protocol on 
Dynamic 
Postural  Control 
in Subjects with 
Chronic Ankle 
Instability 

2015 2 maintaining 
balance while 
transitioning from a 
dynamic to a static 
state, e. g. during a 
landing task [ 

Goldie PA, Bach TM, Evans OM. Force platform 
measures for evaluating postural control: 
reliability and validity. Arch Phys Med Rehabil 
1989; 70: 510–517 

International 
Journal of Sports 
Medicine 

36 7 596 

di 
Cagno,A;Fi
orilli,G;Iuli
ano,E;Aqui
no,G;Giom
bini,A;Batt
aglia,C;Piaz
za,M;Tsop
ani,D;Calca
gno,G 

time-of-day 
effects on static 
and dynamic 
balance in elite 
junior athletes 
and untrained 
adolescents 

2014 1 the ability to 
maintain 
equilibrium during 
motion. 

No reference International 
Journal of Sports 
Science & 
Coaching 

9 4 615 
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Eshraghi,A;
Maroufi,N;
Sanjari,M;
Saeedi,H; 
Keyhani,M
;Gholizade
h,H;Osman
,N 

effect of 
milwaukee 
brace on static 
and dynamic 
balance of 
female 
hyperkyphotic 
adolescents 

2013 1 maintaining 
dynamic balance 
requires sufficient 
torques to keep 
COM motion 
exactly over the 
BOS. 

Saha D, Gard S, Fatone S and Ondra S. The 
effect of trunkflexed  postures on balance and 
metabolic energy expenditure during standing. 
Spine 2007; 32: 1605–1611. 

Prosthetics and 
orthotics 
international 

37 1 76 

Faigenbau
m,AD.;Bagl
ey,J;Boise,
S;Farrel,A;
Bates,N;M
yer,G. 

Dynamic 
Balance in 
Children: 
Performance 
Comparison 
Between Two 
Testing Devices 

2015 1 ability to maintain 
stability while 
anticipating and 
reacting to changes 
as the body moves 
through space 

No reference Athletic Training 
& Sports Health 
Care: The Journal 
for the Practicing 
Clinician 

7 4 160 

Falk,Emily 
Elizabeth;S
eeley,Matt
hew 
K.;Hunter,I
ain;Park,Ji
hong;Hopk
ins,J. T. 

effect of 
experimental 
anterior knee 
pain on 
measures of 
static and 
dynamic 
postural control 

2014 2 ability to control 
body position to 
maintain whole 
body stability and 
orientation 

Shumway-Cook A, Woollacott MH. Control of 
posture and balance. In: Motor control. Theory 
and practical applications. Baltimore: Williams 
& Wilkins; 1995. p. 119-68. 

Athletic Training 
& Sports Health 
Care: The Journal 
for the Practicing 
Clinician 

6 1 7 
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Field-
Fote,E.;Ray
,S. S. 

seated reach 
distance and 
trunk excursion 
accurately 
reflect dynamic 
postural control 
in individuals 
with motor-
incomplete 
spinal cord 
injury 

2010 2 ability to maintain 
balance while 
moving, is essential 
for functional 
mobility  

Nichols DS. Balance retraining after stroke 
using force platform biofeedback. Phys Ther 
1997; 77: 553–558. 

Spinal Cord 48 10 745 

Fotios,M.;
Miltiadis,P.
;Eirini,A.;A
ndromahi,
S. 

dynamic balance 
in girls 
practicing 
recreational 
rhythmic 
gymnastics and 
greek traditional 
dances 

2013 1 ability to balance 
on a moving 
surface or to 
maintain balance 
while moving  

Fleishman, E. A. (1972). Structure and  
measurement of psychomotor abilities. In 
R.N.Singer (Eds.), The psychomotor domain: 
movement behavior (pp. 78-106). Philadelphia, 
PA: Lea & Febiger. 

Science of 
Gymnastics 
Journal 

5 1 61 

Fullam, 
Karl; 
Caulfield, 
Brian; 
Coughlan, 
Garrett F.; 
McGroarty
,  Mark; 
Delahunt, 
Eamonn 

Dynamic 
Postural-
Stability Deficits 
After 
Cryotherapy to 
the Ankle  Joint 

2015 3 defined and 
measured as an 
assessment of an 
individual’s ability 
to maintain balance 
while transitioning 
from a dynamic to 
a static state. 

Goldie PA, Bach TM, Evans OM. Force platform 
measures for evaluating postural control: 
reliability and validity. Arch Phys Med Rehabil. 
1989;70(7):510–517 

Journal of Athletic 
Training  

50 9 893 
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Start 
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Gribble,Phi
llip 
A.;Hertel,J
ay;Denega
r,Craig 
R.;Buckley,
William E. 

the effects of 
fatigue and 
chronic ankle 
instability on 
dynamic 
postural control 

2004 2 attempting to 
maintain a stable 
base of support 
while completing a 
pre- scribed 
movement 

Winter, D.A., Patla, A.E., and Frank, J.S. (1990) 
Assessment of balance control in humans. 
Medical Progress through technology 16 31-51 

Journal of Athletic 
Training (National 
Athletic Trainers' 
Association) 

39 4 321 

Gribble,Phi
llip 
A.;Robinso
n,Richard 
H.;Hertel,J
ay;Denega
r,Craig R. 

the effects of 
gender and 
fatigue on 
dynamic 
postural control 

2009 2 center of mass is 
controlled while 
one’s base of 
support is moving  

Winter, D.A., Patla, A.E., and Frank, J.S. (1990) 
Assessment of balance control in humans. 
Medical Progress through technology 16 31-51 

Journal of Sport 
Rehabilitation 

18 2 240 

Gribble,Phi
llip 
A.;Tucker,
W. 
S.;White,P
aul A. 

time-of-day 
influences on 
static and 
dynamic 
postural control 

2007 2 as one attempts to 
maintain a stable 
base of support 
while performing 
another task  

Winter, D.A., Patla, A.E., and Frank, J.S. (1990) 
Assessment of balance control in humans. 
Medical Progress through technology 16 31-51 

Journal of Athletic 
Training (National 
Athletic Trainers' 
Association) 

42 1 35 
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Hammaran
,Elisabet;O
hlsson,Jen
nie 
Ann;Lindb
erg,Christo
pher;Kjellb
y-
Wendt,Gu
nilla 

reliability of 
static and 
dynamic balance 
tests in subjects 
with myotonic 
dystrophy type 1 

2012 1 the concept of 
postural control 
could be described 
not only as the 
ability to minimize 
sway (steady-state 
stability or static 
balance) but also 
the ability to 
remain steady 
during expected 
movements - also 
named anticipatory 
stability or dynamic 
balance. The ability 
to remain steady 
during unforseen 
movements/events 
is a third aspect of 
postural control 
also included in 
dynamic balance. 

Shumway-Cook A, Woollacott MH. Postural 
Control. In: Shumway-Cook A, Woollacott MH, 
eds. Motor control. Translating research into 
clinical practice. 3rd ed. Philadelphia, PA: 
Lippincott Williams & Wilkins; 2007. pp. 212 – 
256. 

Advances in 
Physiotherapy 

14 2 48 
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keyword 
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Start 
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Hammaren
,Elisabet;Kj
ellby-
Wendt,Gu
nilla;Kowal
ski,Jan;Lin
dberg,Chri
stopher 

factors of 
importance for 
dynamic balance 
impairment and 
frequency of 
falls in 
individuals with 
myotonic 
dystrophy type 1 
- a cross-
sectional study - 
including 
reference values 
of timed up & 
go, 10m walk 
and step test 

2014 1 a subject’s ability to 
manage dynamic 
balance tests. 

No reference Neuromuscular 
Disorders: NMD 

24 3 207 

Heebner 
N.R., Akins 
J.S., 
Lephart 
S.M., Sell 
T.C. 

Reliability and 
validity of an 
accelerometry 
based measure 
of static and 
dynamic 
postural stability 
in healthy and 
active 
individuals 

2015 3 the ability to 
transfer and control 
the projection of 
one’s center of 
mass over a base of 
support while 
transitioning from a 
dynamic to static 
state 

Goldie PA, Bach TM, Evans OM. Force platform 
measures for evaluating postural control: 
reliability and validity. Arch Phys Med Rehabil 
1989;70(7):510–7.Wikstrom EA, Tillman MD, 
Smith AN, Borsa PA. A new force-plate 
technology measure of dynamic postural 
stability: the dynamic postural stability index. 
JAthl Train 2005;40(4):305–9. 

Gait and Posture 41 2 535 
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Start 
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Heinbaugh 
EM, Smith 
DT, Zhu Q, 
Wilson 
MA, Dai B. 

The effect of 
time-of-day on 
static and 
dynamic balance 
in recreational 
athletes. 

2015 1 ability to maintain 
or regain a stable 
position during 
dynamic tasks and 
make postural 
changes to 
voluntary 
movements or 
external 
perturbations 

Berg, K. O., Wood-Dauphinee, S. L., Williams, J. 
I., & Maki, B. (1992). Measuring balance in the 
elderly: Validation of an instrument. Canadian 
Journal of Public Health, 83, S7–S11. 
Hrysomallis, C. (2011). Balance ability and 
athletic performance. Sports Medicine, 41, 
221–232. 

Sports Biomech 14 3 361 

Holden S, 
Boreham 
C, Doherty 
C, Wang D, 
Delahunt E 

A longitudinal 
investigation 
into the 
progression of 
dynamic 
postural stability 
performance in 
adolescents. 

2016 3 ability to perform a 
task without 
compromising the 
centre of mass 
(CoM) over the 
base of support 

Winter DA, Patla AE, Frank JS. Assessment of 
balance control in humans. Med. Prog. 
Technol. 1990;16(1–2):31–51. 
Gribble PA, Hertel J, Plisky P. Using the star 
excursion balance test to assess dynamic 
postural-control deficits and outcomes in lower 
extremity injury: a literature and systematic 
review. J. Athl. Train. 2012;47(3):339–57. 

Gait Posture 48   171 
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Holden,Sin
ead;Boreh
am,Colin;D
oherty,Cail
bhe;Wang,
Dan;Delah
unt,Eamon
n 

dynamic 
postural stability 
in young 
adolescent male 
and female 
athletes 

2014 3 requires a certain 
amount of 
movement around 
the base of support 
aforementioned 
differences in 
neuromuscularcont
rol. Postural 
stability is defined 
as an individual’s 
ability to maintain 
one’s center of 
mass over the base 
of support and is an 
integral component 
of neuromuscular 
control 

Paterno MV, Schmitt LC, Ford KR, et al. 
Biomechanical measures during landing and 
postural stability predict second anterior 
cruciate ligament injury after anterior cruciate 
ligament reconstruction and return to sport. 
Am J Sports Med. 2010;38(10):1968-1978. 
Gribble PA, Hertel J, Plisky P. Using the Star 
Excursion Balance Test to assess dynamic 
postural-control deficits and outcomes in lower 
extremity injury: a literature and systematic 
review. J Athl Train. 2012;47(3):339-357. 

Pediatric Physical 
Therapy: The 
Official 
Publication Of 
The Section On 
Pediatrics Of The 
American Physical 
Therapy 
Association 

26 4 447 

Hosseini,S. 
S.;Rostamk
hany,H.;Ha
shemi,M.;J
alili,M. 

a comparison of 
the effect of 
whole-body 
vibration and 
strength training 
on certain 
physical fitness 
factors and 
dynamic balance 
in students 

2012 1 ability of the 
individual to 
maintain balance 
from the dynamic 
to static state 

Hosseini, S.S., 2011. The Effect of Aquatic and 
Mental Trainings on Balance in Elderly Males. 
Middle East J. Scientific Res., 9(5): 296-302. 

Middle East 
Journal of 
Scientific 
Research 

11 3 336 
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Hosseini,S. 
S.;Rostamk
hany,H.;Pa
nahi,M.;Ra
mandi,L. 
D. 

exercise-related 
fatigue change 
dynamic 
postural control 
in healthy males 

2012 2 performing a 
functional task 
without 
involvement of a 
part of base of 
support 

Hosseini, S., 2011. The Effect of Aquatic and 
Mental Trainings on Balance in Elderly Males. 
Middle-East J. Scientific Res., 7(3): 296-
302.Hosseini, S.S., B. Mirzaei, M. Panahi and H. 
Rostamkhany, 2011. Effect of Aquatic Balance 
Training and Detraining on Neuromuscular 
Performance, Balance and Walking Ability in 
Healthy Older Men. Middle-East J. Scientific 
Res., 9(5): 661-666.Abbasi, A., H. Sadeghi, H. 
Berenjeian, K. Bagheri, A. Ghasemizad and A. 
KarimiAsl, 2011. Effect of Whole Body 
Vibration, Aquatic Balance and Combined 
Training on Neuromuscular Performance, 
Balance and Walking Ability in Male Elderly 
Able-Bodied Individual. World Applied Sciences 
J., 15(1): 84-91. Gribble, P.A. and T. Kaminski, 
2003. The star excursion balance test as a 
measurement tool. Athletic Therapy Today, 
8(2): 46-47. 9. Fattahi, A., H. Sadeghi and M.S. 
Ameli, 2011. Relationship Between Injury 
Types and Prevalence with Some 
Anthropometric Properties of Male Elite 
Volleyball Players of Iran. World Applied 
Sciences J., 15(5): 667-672.10. Sebahattin, D. 
and G. Ismail, 2011. The effect of an Eight-
Week Swimming Training on Capillary Oxygen 
Saturation and Respiratory Parameters. World 
Applied Sciences J., 15(11): 1598-1603. 

Middle East 
Journal of 
Scientific 
Research 

11 2 230 
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Hosseinim
ehr,Seyed 
Hossein;N
orasteh,Ali 
Asghar 

the role of leg 
and trunk 
muscles 
proprioception 
on static and 
dynamic 
postural control 

2010 2 maintaining a 
stable base of 
support while 
completing a 
prescribed 
movement 

Winter, D.A., Patla, A.E., and Frank, J.S. (1990) 
Assessment of balance control in humans. 
Medical Progress through technology 16 31-51 

Journal of 
Physical 
Education & Sport 
/ Citius Altius 
Fortius 

26 1 83 

Jazi,S. 
D.;Purraja
bi,F.;Mova
hedi,A.;Jal
ali,S. 

effect of 
selected balance 
exercises on the 
dynamic balance 
of children with 
visual 
impairments 

2012 1 ability to maintain 
one’s equilibrium 
as the center of 
gravity shifts 

Gallahue & Ozmun 2006 Understanding motor 
development: Infants, children, adolescents, 
adults (6th ed.). Boston: McGraw-Hill. 

Journal of Visual 
Impairment and 
Blindness 

106 8 466 

Johnson,Er
ic 
G.;Larsen,
Andrea;Oz
awa,Hirom
i;Wilson,C
hristine 
A.;Kenned
y,Karen L. 

the effects of 
pilates-based 
exercise on 
dynamic balance 
in healthy adults 

2007 1 requires moving a 
stable postural set 
over a base of 
support  

Duncan, W.P., Weiner, D.K., Chandler, J., 
Studenski, S., 1990. Functional reach: a new 
clinical measure of balance. J. Gerontol. 45 (6), 

Journal of 
Bodywork & 
Movement 
Therapies 

11 3 238 

Johnson-
Kramer,C.;
Sherwood,
D.;French,
R.;Canabal,
M. Y. 

performance 
and learning of a 
dynamic balance 
task by visually 
impaired 
children 

1992 1 ability to maintain 
ones equilibrium 
while changing 
positions (Gallahue, 
1987) 

Gallahue D. (1987) Develpmental Physical 
Education for today's elementary school 
children. New York: Macmillan publishing 

Clinical 
Kinesiology 
(Online Edition) 

45 4 3 
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Jones,C. 
J.;Robicha
ux,J.;Willia
ms,P.;Rikli,
R. 

the effects of a 
16-week 
exercise 
program on the 
dynamic balance 
of older adults 

1992 1 ability to maintain 
equilibrium while in 
motion 

No reference Journal of Clinical 
and Experimental 
Gerontology 

14 2 165 

Kahle,Nicol
e 
L.;Gribble,
Phillip A. 

core stability 
training in 
dynamic balance 
testing among 
young, healthy 
adults 

2009 1 completion of a 
functional task with 
purposeful 
movements 
without 
compromising the 
base of support 

Gribble, P.A, Hertel, J., Denegar, C.J., & 
Buckley, W.E. (2004) The effects of fatigue and 
chronic ankle instability on dynamic postural 
control 
Kinzey S.J., & Armstrong, C.W> . The reliability 
of the star-excursion test in assessing dynamic 
balance. JOSPT, 1998; 27(5): 356- 360 

Athletic Training 
& Sports Health 
Care: The Journal 
for the Practicing 
Clinician 

1 2 65 

Kodesh E, 
Dar G. 

The effect of 
kinesiotape on 
dynamic balance 
following muscle 
fatigue in 
individuals with 
chronic ankle 
instability. 

2015 1 maintaining 
balance while 
transitioning from a 
dynamic to a static 
state 

Wikstrom, E. A., Tillman, M. D., Chmielewski, T. 
L., Cauraugh, J. H., & Borsa, P. A. (2007). 
Dynamic postural stability deficits in subjects 
with self-reported ankle instability. Medicine & 
Science in Sports & Exercise, 39(3), 397–402 

Res Sports Med 23 4 367 
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Kovacevic,
Erol; 
Bradic, 
Josipa; 
Bejdic 
Almir; 
Abazovic, 
Ensar; 
Bradic, 
Asim 

unilateral profile 
of dynamic 
balance of 
female students 
of faculty of 
sport and 
physical 
education 

2010 1 ability to establish 
and maintain a 
balance posture of 
body mass centre 

No reference Open Biomed Eng 
J 

12 1 25 

Kwon,Y. 
J.;Park,S. 
J.;Jefferson
,J.;Kim,K. 

the effect of 
open and closed 
kinetic chain 
exercises on 
dynamic balance 
ability of normal 
healthy adults 

2013 1 ability to maintain 
balance while the 
body is moving by 
keeping its center 
of gravity over the 
base of support5). 

Raymakers JA, Samson MM, Verhaar HJ: The 
assessment of body sway and the choice of 
stability parameters. Gait Posture, 2005, 21: 
48–58 

Clinics (Sao Paulo) 25 6 671 

Liu,Kathy;
Glutting,Jo
seph;Wikst
rom,Erik;G
ustavsen,G
eoff;Royer,
Todd;Kami
nski,Thom
as W. 

examining the 
diagnostic 
accuracy of 
dynamic 
postural stability 
measures in 
differentiating 
among ankle 
instability status 

2013 3 the ability to 
maintain balance 
while transitioning 
from a dynamic 
movement to a 
static state over the 
base of support 

Goldie PA, Bach TM, Evans OM. Force platform 
measures for evaluating postural control: 
reliability and validity. Arch Phys Med Rehabil 
1989; 70: 510–517 
Gribble, P.A., Robinson, R.H., 2009. An 
examination of ankle, knee, and hip torque 
production in individuals with chronic ankle 
instability. J. Strength Cond. Res. 23, 395–400. 

Sport Science 28 2 211 
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Niu,Wenxi
n;Zhang,M
ing;Fan,Yu
bo;Zhao,Qi
nping 

dynamic 
postural stability 
for double-leg 
drop landing 

2013 3 an individual’s 
ability to maintain 
balance while 
transitioning from a 
dynamic to a static 
state 

Wikstrom EA, Tillman MD, Smith AN, Borsa PA. 
A new force-plate technology measure of 
dynamic postural stability. The dynamic 
postural stability index. J AthlTrain. 2005; 
40(4):305-091.   

Clinical 
Rehabilitation 

31 10 1074 

Ortuno-
Cortes,M. 
A.;Martin-
Sanz,E.;Bar
ona-de 
Guzman,R. 

value of 
dynamic 
postural control 
tests on elderly 
people with 
vestibulopathy 

2009 2 the regulation of 
the integral body 
position (posture) 
in space with the 
goal of keeping it in 
balance at rest 
(static balance) or 
moving (dynamic 
balance). 

Shumway-Cook A, Woollacott MH. Control of 
posture and balance. In: Motor control. Theory 
and practical applications. Baltimore: Williams 
& Wilkins; 1995. p. 119-68. 

Plos One 60 3 149 

Oshita K, 
Yano S. 

The Effect of 
Lightly Gripping 
a Cane on the 
Dynamic 
Balance Control. 

2015 1 ability to anticipate 
changes in balance 
and coordinate 
muscle activity to 
maintain stability 
[18], and it means 
maintaining a 
stable position 
while the person 
undertakes a 
prescribed  
movement [19] 

M.E. Rogers, N.L. Rogers, N. Takeshima, and 
M.M. Islam, “Methods to assess and improve 
the physical parameters associated with fall 
risk in older adults”, Prev. Med., vol. 36, pp. 
255-264, 2003. 
M.T. Karimi, and S. Solomonidis, “The 
relationship between parameters of static and 
dynamic stability tests” J. Res. Med. Sci., vol.16, 
pp. 530-535, 2011 

Open Biomed Eng 
J 

9   146 
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Ozrudi, 
MF; 
Aliabadi, 
SR; 
Barzegari, 
H 

The effect of six 
week mixed 
exercise (power 
& plyometric) of 
dynamic balance 
in Takhti school 
physical 
education 
students in 
Babol city 

2015 1 DB: individual 
ability to keep 
balance from 
dynamic situation 
to steady. 
Balance is defined 
as the process of 
keeping the center 
of gravity within 
the supporting 
surface. 

Wikstrom EA, Tillman MD, Smith AN, Borsa PA. 
A new force-plate technology measure of 
dynamic postural stability. The dynamic 
postural stability index. J AthlTrain. 2005; 
40(4):305-091.  
Hertel J, Gay MR, Denegar CR. Differences in 
postural control during single-leg stance among 
healthy individuals with different foot types. J 
Athl Train. 2002; 37(2):129-32.Hadi H, Farhady 
H, Bashiri M. Effect of ix week strength and 
plyometric training on dynamic balance of 
male athletic students. Research in 
Rehabilitation Sciences. 2011; 7(2):215-224. 

International 
Journal Of 
Applied Exercise 
Physiology 

4 2 34 

Purohit,Ro
ma, 
Dilip;Sadha
le,Aparna 

co-relation 
between static 
and dynamic 
balance in 
healthy 
individuals 
between 18-25 
years using one 
leg stance test 
and multi 
directional reach 
test 

2014 1 ability to maintain 
equilibrium while 
moving through 
space. 

V. Hatzitaki,V. Zisi, et al; Journal of Motor 
Behaviour, 2002, Vol. 34, No. 2, 161–170 

Indian Journal of 
Physiotherapy & 
Occupational 
Therapy 

8 2 89 
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Rahal MA, 
Alonso AC, 
Andrusaitis 
FR, 
Rodrigues 
TS, Speciali 
DS, Greve 
JM, Leme 
LE. 

Analysis of static 
and dynamic 
balance in 
healthy elderly 
practitioners of 
Tai Chi Chuan 
versus ballroom 
dancing. 

2015 1 maintaining a 
steady position 
while sitting, 
standing and 
walking 

Shumway-Cook A, Woollacott MH. Motor 
control: translating research into clinical 
practice. 3rd edition. Philadelphia, PA. 
Lippincott Williams & Wilkins. 2007 

Clinics (Sao Paulo) 70 3 157 

Khasawne
h A. 

Anthropometric 
measurements 
and their 
relation to static 
and dynamic 
balance among 
junior tennis 
players 
[Antropometrijs
ka mjerenja i 
njihov odnos 
prema statičkoj i 
dinamičkoj 
ravnoteži 
juniora tenisača] 

2015 1 body's ability to 
retain poise or 
steadiness when 
moving or shifting 
from one balanced 
situation to another 

no reference Sport Science 8   87 

Ricotti,Leo
nardo 

static and 
dynamic balance 
in young 
athletes 

2011 1 ability to perform a 
task while 
maintaining a 
stable position 
(Winter et al., 
1990). 

Winter DA, Patla AE, Frank JS. Assessment of 
balance control in humans. Med. Prog. 
Technol. 1990;16(1–2):31–51. 

Journal of Human 
Sport & Exercise 

6 4 616 
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Rogers,Hel
en 
L.;Cromwe
ll,Ronita 
L.;Grady,Ja
mes L. 

adaptive 
changes in gait 
of older and 
younger adults 
as responses to 
challenges to 
dynamic balance 

2008 1 ability to remain 
balanced while the 
body is in motion 
(Cromwell et al., 
2002); this 
definition includes 
the ability to 
successfully 
respond to balance 
challenges 
(MacKinnon & 
Winter, 1993; Patla, 
1996) 

Cromwell RL, Aadland-Monahan TK, Nelson AT, 
Stern-Sylvestre SM, Seder B. Sagittal plane 
analysis of head, neck, and trunk kinematics 
and electromyographic activity during 
locomotion. J Orthop Sports Phys Ther. 
2001;31:255–262. 
MacKinnon, C., & Winter, D. (1993). Control of 
whole body balance in the frontal plane during 
human walking. Journal of Biomechanics, 
26(6), 633-644. 
Patla, A. (1996). Neurobiological bases for the 
control of human locomotion. In A. Bronstein, 
T. Brandt, & M. Woollacott (Eds.), Clinical 
disorders of balance, posture and ait (pp. 19-
40). New York: Oxford Press. 

Journal of Aging & 
Physical Activity 

16 1 85 

Sarshin,A
mir;Moha
mmadi,Sar
dar;Shahra
bad,Hossei
n Babaei 
Pour;Sedig
hi,Mahboo
beh 

the effects of 
functional 
fatique on 
dynamic 
postural control 
of badminton 
players 

2011 2 performing a 
functional task 
without 
compromising any 
part of the 
supporting leg  

Erik A, Wikstrom E, Michael E, Mark D, Powers 
D. Dynamic stabilization time after isokinetic 
and functional fatigue. J Athl Train 39: 247-53, 
2004 

Biology of 
Exercise 

7 2 25 
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Sarvestani,
H. 
J.;Tabrizi,H
. 
B.;Abbasi,
A.;Rahman
pourmogh
addam,J. 

the effect of 
eight weeks 
aquatic balance 
trainingand core 
stabilization 
training on 
dynamic balance 
in inactive elder 
males 

2012 1 (maintaining 
balance while a 
prescribed 
movement is 
performed 

Olmsted, L.C. and J. Hertel, 2004. Influence of 
foot type and orthotics on static and dynamic 
postural control.Journal of Sport 
Rehabilitation, 13(1): 54-66. 
Guskiewicz, K.M. and D.H. Perrin, 1996. 
Research and clinical applications of assessing 
balance. Journal of Sport Rehabilitation, 5: 45-
63. 

Middle East 
Journal of 
Scientific 
Research 

11 3 279 

Sarvestani,
H.J.;Tabrizi
,H.B.;Abba
si,A.;Rahm
anpourmo
ghaddam,J 

the effect of ten 
weeks aquatic 
balance 
trainingand 
functional 
training on 
dynamic balance 
in inactive elder 
males 

2012 1 active movement of 
COP while standing, 
walking, or 
performing any 
other skill 

Punakallio, A., 2004. Balance Abilities of 
Workers in Physically Demanding Jobs. 
University of Kuopio 

Middle East 
Journal of 
Scientific 
Research 

11 3 296 
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Sell,Timot
hy 
C.;Pederso
n,Jonathan 
J.;Abt,John 
P.;Nagai,Ta
kashi;Delu
zio,Jennife
r;Wirt,Mic
hael 
D.;McCord
,Larry 
J.;Lephart,
Scott M. 

the addition of 
body armor 
diminishes 
dynamic 
postural stability 
in military 
soldiers 

2013 3 Postural stability is 
the ability to 
sustain the body in 
equilibrium by 
maintaining the 
projected center of 
mass within the 
limits of the base of 
support (Shumway-
Cook & Woollacott, 
2001a). It is a 
dynamic process 
that requires 
sensory detection 
of body motions  

Shumway-Cook, A., & Woollacott, M. H. 
(2001a). Motor control: Theory and practical 
applications (2nd ed.). Philadelphia: Lippincott 
Williams & Wilkins 

Military medicine 178 1 76 

Shin,Sohee
;Demura,S
hinichi 

effective tempo 
of the step test 
for dynamic 
balance ability in 
the elderly 

2007 1 ability to maintain 
stability of posture 
during movement 

No reference Journal Of 
Physiological 
Anthropology 

26 6 563 

          



 

291 
 

Authors Title Year Balance 
keyword 
DB: 1; 
DPC: 2; 
DPS:3 

Definition Used Source of definition Periodical Vol Issu
e 

Start 
Page 

Song,Jooe
un;Sigward
,Susan;Fish
er,Beth;Sal
em,George 
J. 

altered dynamic 
postural control 
during step 
turning in 
persons with 
early-stage 
parkinson's 
disease 

2012 2 Postural control is 
the ability to alter 
the magnitude and 
patterns of 
segmental 
kinematics (e.g., 
trunk and limb 
movements) in 
order to direct 
body position in 
response to 
external 
mechanical 
demands imposed 
during static and 
dynamic tasks such 
as turning. 

S. Colnat-Coulbois, G. C. Gauchard, L. Maillard 
et al., “Bilateral subthalamic nucleus 
stimulation improves balance control in 
Parkinson’s disease,” Journal of Neurology, 
Neurosurgery and Psychiatry, vol. 76, no. 6, pp. 
780–787, 2005. 
F. B. Horak, D. Dimitrova, and J. G. Nutt, 
“Direction-specific postural instability in 
subjects with Parkinson’s disease,” 
Experimental Neurology, vol. 193, no. 2, pp. 
504–521, 2005 

Parkinson's 
Disease 

201
2 

    

Suttie,S. J. differential 
effects of 
viewing four 
patterns of 
figure 
movement on 
performance of 
a dynamic 
balance task 

1973 1 establishing  and 
maintaining 
equilibrium 

No reference Perceptual and 
motor skills 

37 1 279 
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Takeshima
,Nobuo;Isl
am,Moha
mmod 
M.;Rogers,
Michael 
E.;Koizumi,
Daisuke;To
miyama,N
aoki;Narita
,Makoto;R
ogers,Nicol
e L. 

pattern of age-
associated 
decline of static 
and dynamic 
balance in 
community-
dwelling older 
women 

2014 1 is the ability to 
anticipate changes 
and coordinate 
muscle activity in 
response to 
perturbations of 
stability 

No reference Geriatrics & 
Gerontology 
International 

14 3 556 

Trousil,T.;
Dvir,Z. 

dynamic 
balance: a 
learning strategy 

1983 1 maintenance of 
balance on an 
unstable 
(sometimes 
metastable) 
support 

No reference Human 
Movement 
Science 

2 3 211 

Tsigilis,N.;Z
achopoulo
u,E.;Mavri
dis,Th 

evaluation of 
the specificity of 
selected 
dynamic balance 
tests 

2001 1 to maintenance 
equiLbrium during 
rapid changes of 
the individual's 
kmetic condition 

No reference Perceptual & 
Motor Skills 

92 3 827 
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Wakano,S
himpachi;T
akeda,Tom
otaka;Nak
ajima,Kazu
nori;Kurok
awa,Katsu
hide;Ishiga
mi,Keiichi 

effect of 
experimental 
horizontal 
mandibular 
deviation on 
dynamic balance 

2011 1 posture is 
maintained against 
various forces 
exerted by 
movement of a part 
of the body or 
movement of the 
whole body. 

No reference Journal Of 
Prosthodontic 
Research 

55 4 228 

Wikstrom,
Erik 
A.;Tillman,
Mark 
D.;Chmiele
wski,Teres
e 
L.;Cauraug
h,James 
H.;Borsa,P
aul A. 

dynamic 
postural stability 
deficits in 
subjects with 
self-reported 
ankle instability 

2007 3 maintaining 
balance while 
transitioning from a 
dynamic to a static 
state 

GOLDIE, P., T. BACH, and O. EVANS. Force 
platform measures for evaluating postural 
control: reliability and validity. Arch. Phys. 
Med. Rehabil. 70:510–517, 1989. 

Medicine & 
Science in Sports 
& Exercise 

39 3 397 

          



 

294 
 

Authors Title Year Balance 
keyword 
DB: 1; 
DPC: 2; 
DPS:3 

Definition Used Source of definition Periodical Vol Issu
e 

Start 
Page 

Wikstrom,
Erik 
A.;Tillman,
Mark 
D.;Smith,A
ndrew 
N.;Borsa,P
aul A. 

a new force-
plate technology 
measure of 
dynamic 
postural 
stability: the 
dynamic 
postural stability 
index 

2005 3 an individual’s 
ability to maintain 
balance while 
transitioning from a 
dynamic to a static 
state. 

Goldie PA, Bach TM, Evans OM. Force platform 
measures for evaluating postural control: 
reliability and validity. Arch Phys Med Rehabil. 
1989;70:510–517. 

Journal of Athletic 
Training (National 
Athletic Trainers' 
Association) 

40 4 305 

Zech,Astri
d;Steib,Si
mon;Hents
chke,Christ
ian;Eckhar
dt,Holger;
Pfeifer,Kla
us 

effects of 
localized and 
general fatigue 
on static and 
dynamic 
postural control 
in male team 
handball 
athletes 

2012 2 postural balance 
control: the center 
of body mass must 
be kept over the 
supporting 
base,DYNAMIC 
BALANCE involves 
achieving a 
compromise 
between the 
forward propulsion 
of the body and the 
need to maintain 
the lateral stability 
of the body  

Assaiante, C and Amblard, B. An ontogenetic 
model of sensorimotor organization of balance 
control in humans. Hum Mov Sci 14: 13–43, 
1995. 

Journal of 
Strength & 
Conditioning 
Research 
(Lippincott 
Williams & 
Wilkins) 

26 4 1162 



 

295 
 

          

Hsiao MY; 
Li CM; Lu 
IS; Lin YH; 
Wang TG; 
Han DS 

An investigation 
of the use of the 
Kinect system as 
a measure of 
dynamic balance 
and forward 
reach in the 
elderly. 

2017 1 Dynamic balance is 
the ability to 
maintain postural 
stability during the 
transition from a 
dynamic to a static 
state, or while 
shifting the center 
of gravity (COG) on 
a moving base of 
support.7,8 

Ross SE and Guskiewicz KM. Examination of 
static and dynamic postural stability in 
individuals with functionally stable and 
unstable ankles. Clin J Sport Med 2004; 14(6): 
332–338.  
DiStefano LJ, Clark MA and Padua DA. Evidence 
supporting balance training in healthy 
individuals: a systemic review. J Strength Cond 
Res 2009; 23(9): 2718–2731 

Clinical 
Rehabilitation 

    
 

Craig CE; 
Doumas M 

Anodal 
Transcranial 
Direct Current 
Stimulation 
Shows Minimal, 
Measure-
Specific Effects 
on Dynamic 
Postural Control 
in Young and 
Older Adults: A 
Double Blind, 
Sham-Controlled 
Study. 

2017 1 Postural control is 
an adaptive 
sensorimotor 
process involving 
constant 
integration of 
sensory 
information from 
three channels; 
visual, 
somatosensory 
(proprioceptive) 
and vestibular 

no reference Plos One 12 1 e017
0331 
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Shiravi Z, 
Shadmehr 
A, 
Moghada
m ST, 
Moghada
m BA. 

Comparison of 
dynamic 
postural stability 
scores between 
athletes with 
and without 
chronic ankle 
instability during 
lateral jump 
landing. 

2017 1 Dynamic postural 
stability is defined 
as an individual’s 
ability to maintain 
balance while 
transitioning from a 
dynamic to a static 
position 

Goldie PA, Bach TM, Evans OM (1989) Force 
platform measures for evaluating postural 
control: reliability and validity. Arch Phys Med 
Rehabil.  70(7):510-7. 

Muscles 
Ligaments 
Tendons 

10 7 119 

Sirois-
Leclerc G; 
Remaud A; 
Bilodeau 
M 

Dynamic 
postural control 
and associated 
attentional 
demands in 
contemporary 
dancers versus 
non-dancers. 

2017 1 Dynamic postural 
control can be 
defined as the 
ability to maintain 
the center of mass 
within the base of 
support while the 
body is subjected 
to internal or 
external 
perturbations that 
are anticipated or 
not  

 Winter DA, Patla AE, Frank JS. Assessment of 
balance control in humans. Med Prog Technol. 
1990; 16: 31–51 

Plos One 12 3 e017
3795 

Abutaleb, 
Enas 
ELsayed 
Mohamed 

Effect of 
shoulder side 
pack on dynamic 
postural stability 
in young healthy 
female 

2016 1 Dynamic postural 
stability: the ability 
to maintain 
postural stability & 
orientation with 
CoM over BoSt 
while the body 
parts are in motion  

Sullivan S., Portnry L. Physical Rehabilitation: 
6th Edition. FA Davis; 2014 

International 
Journal Of 
Physiotherapy 
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Ng, Robert 
S. K.; C. 
W., 
Cheung; 
Raymond, 
K. W. Sum 

Effects of 6-
week agility 
ladder drills 
during recess 
intervention on 
dynamic balance 
performance. 

2017 1 Dynamic balance is 
the ability to 
maintain a stable 
base of support 
while completing a 
functional task 
without 
compromising 
one’s base of 
support 

Winter, D. A., Patla, A. E., & Frank, J. S. (1990). 
Assessment of balance control in humans. 
Medical Progress Through Technology, 16(1), 
31-51. 

Journal of 
Physical 
Education & Sport 

17 1 306 

Zulfikri N 
MHSc Pt; 
Justine M 
PhD Pt 

Effects of 
Kinesio® Taping 
on Dynamic 
Balance 
Following 
Fatigue: a 
Randomized 
Controlled Trial. 

2017 1 Dynamic balance is 
defined as the 
ability to maintain 
the stability of the 
center of mass 
during movement 

Butler RJ, Southers C, et al.: Differences in 
soccer players’ dynamic balance across levels 
of competition. J Athl Train. 2012; 47: 616-620. 

Physical Therapy 
Research 

20 1 16 

Gürkan 
AC; 
Demirel H; 
Demir M; 
Atmaca EŞ; 
Bozöyük G; 
Dane S 

Effects of Long-
Term Training 
Program on 
Static and 
Dynamic 
Balance in 
Young Subjects. 

2016 1 Dynamic balance is 
defined as the 
ability of a subject 
to predict postural 
changes during 
movement, and to 
give appropriate 
responses to 
changes in balance. 

Duncan PW, Weiner DK, Chandler J, Studenski 
S. Functional Reach: A new clinical measure of 
balance. J Gerontol A Biol Sci Med Sci, 1990; 
45: 192-197. 

Clinical And 
Investigative 
Medicine 

39 6   
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Malmir K, 
Olyaei GR, 
Talebian S, 
Jamshidi 
AA, 
Ganguie 
MA. 

Effects of 
Peroneal 
Muscles Fatigue 
on Dynamic 
Stability 
Following 
Lateral Hop 
Landing: Time to 
Stabilization vs. 
Dynamic 
Postural Stability 
Index. 

2017 1 Postural stability is 
related to the 
control of body’s 
center of mass with 
respect to the 
center of pressure. 

Massion J. Postural control system. Curr Opin 
Neurobiol. 1994; 4(6): 877-887. 

J Sport Rehabil.  17   1 

McDermot
t P; Wolfe 
E; Lowry C; 
Robinson 
K; French 
HP 

Evaluating the 
immediate 
effects of 
wearing foot 
orthotics in 
children with 
Joint 
Hypermobility 
Syndrome (JHS) 
by analysis of 
temperospatial 
parameters of 
gait and 
dynamic 
balance: A 
preliminary 
study. 

2017 1 Dynamic balance 
refers to the 
maintenance of the 
body in equilibrium 
during activities, 
such as walking and 
is an intrinsic 
requirement for 
normal gait 

no reference Gait & Posture 60   61 
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Hemmati 
L; Rojhani-
Shirazi Z; 
Malek-
Hoseini H; 
Mobaraki I 

Evaluation of 
Static and 
Dynamic 
Balance Tests in 
Single and Dual 
Task Conditions 
in Participants 
With 
Nonspecific 
Chronic Low 
Back Pain. 

2017 1 postural control is 
the control of body 
position in space to 
maintain balance 
and orientation 

Shumway-Cook & Woollacott. Motor Control 
Theory and Practical Applications Baltimore, 
MD. Williams and Wilkins, 1995 

Journal Of 
Chiropractic 
Medicine 

16 3 189 

Ateş, 
Bahar 

Investigation Of 
Static And 
Dynamic 
Balance 
Performances Of 
Female Student-
Athletes And 
Non-Athletes 
Between 12 And 
14 Years Of Age. 

2017 1 which occurs when 
the external forces 
are neutralized by 
the soft tIssueues 
around the muscles 
and joints 

Yaggie J.A., & Brian M.C. “Effects of balance 
training on selected skills” The Journal of 
Strength and Conditioning Research, 20(2): 
422-428, 2006 

Journal of 
Physical 
Education & 
Sports Science / 
Beden Egitimi ve 
Spor Bilimleri 
Dergisi 

11 1 1 
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Aguiar 
Gonçalves, 
Geiseane; 
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Kamonseki
, Danilo; 
Reclusa 
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Bruna; 
Amaral 
Nasciment
o, Maythe; 
Lombardi 
Junior, 
Império; 
Liu Chiao 
Yi 

Static, dynamic 
balance and 
functional 
performance in 
subjects with 
and without 
plantar fasciitis. 

2017 1 dynamically 
defined as the 
ability to perform 
tasks while 
maintaining a 
stable body 
position and 
without changing 
the BOS 

Plisky PJ, Rauh MJ, Kaminski TW, Underwood 
FB. Star Excursion Balance Test as a Predictor 
of Lower Extremity Injury in High School 
Basketball Players. J Orthop Sports Phys Ther. 
2006;36(12):911-9. 11.  
Bressel E, Yonker JC, Kras J, Heath EM. 
Comparison of Static and Dynamic Balance in 
Female Collegiate Soccer, Basketball, and 
Gymnastics Athletes. J Athl Train 2007, 
42(1)42-6 

Fisioterapia em 
Movimento 

30 1 19 
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Appendix C: References for Table 3.1, Section 3.3.2 
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10 
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2010. 

12 Davlin CC. Dynamic balance in high level athletes. Percept Mot Skills 2004. 
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13 
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Visual Impairments. Journal of Visual Impairment {\&} Blindness 2012. 
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Appendix D: All tests identified in scoping review classified with Huxham’s taxonomy 

 Perturbation  Stationary BOS Moving BOS 

Unperturbed Narrow Ridge Balance Test (NRBT) 
a modified version of the Springfield Beam-Walking Test 
(dynamic balance-Seashore 1951)  

  single leg stance 6MWT 

  stance 8 foot up and go (walking) 

  

Berg Balance Scale (sitting unsupported, standing 
unsupported, standing feet together,  tandem standing, 
single leg stand, turning trunk with feet flexed) mini-BESTest (walking gait, change in gait speed)  
BESS Community Balance and Mobility Scale (tandem walking) 

  mini-BESTest (stand on one leg) step quick turn test (SQT) 

  Community Balance and Mobility Scale (unilateral stance) Gait Speed test (walking) 

  CFP Tracking Test (centre of foot pressure)  walking gait 

  Modified Rivermead Mobility Index MRMI   

  
Dynamic balance measuring track (balancing on balls of 
feet)   

  Sensory Organisation Test (condn 1)   

  Dynamic Balance Assessment   

  risk and balance   

  Pediatric Balance Scale   
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 Perturbation  Stationary BOS Moving BOS 

Self-generated 
perturbations 

8 foot up and go (getting up) 8 foot up and go (turning) 

Bass Dynamic Balance Test (BDBT) anterior, lateral, and medial jump 

  

Berg Balance Scale (rising and sitting down in chair, turning 
trunk feet flexed, picking up an object off the floor, forward 
reach) Balance beam gait 

  Forward bending of trunk balance beam speed test 1 

  Forward reach test balance beam speed test 2 

  Functional reach Balance beam tasks (DeOreoand Wade, 1971) 

  get up from chair, sit, stand 

Berg Balance Scale (turning 360 degrees, stepping one 
foot up and down off a step, Walk with head turns, 
horizontal, Walk with pivot turns, Step over 
obstacles,TUG, TUG with dual task) 

  Golf swing 

Community Balance and Mobility Scale (180 degree 
tandem pivot, lateral foot scooting, Hopping forward, 
crouch & walk, lateral dodging) 

  LOS drop jump 

  75% LOS drop landing 

  LQ-YBT Dynamic Balance Board Test (DBBT) 

  mini-BESTest (sit to stand, standing arm raise) Dynamic balance measuring track (jump on one leg) 

  move COP to target Dynamic Gait Index 

  mSEBT 

Dynamic Gait Index (brazilian version) obstacle 
negotiation, dual tasking 

  seated reach test Figure of 8 walking 

  SEBT forward lunge test (FL) 

  single leg stance with exercises on other leg Four Square Step Test 

  Sit to stand Functional mobility test 
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 Perturbation  Stationary BOS Moving BOS 

 Self- sit to walk gait initiation 

 generated UQ-YBT mini-BESTest (rise to toes, alternate stair touching, ) 

 perturbations Weight shift jump landing task 

  Rhythmic weight shift Modified Bass Test 

  
Community Balance and Mobility Scale (bending 
component)   

  Dynamic Balance Assessment single leg hop 

  trunk bending single leg landing task 

  reach task sit to walk 

  30s chair stand test Step Test 

  object transport tasks (upper body movement task) step up and over test (SUO) 

  Pediatric Balance Scale step ups 

  Pediatric Reach Test Stepping in place test 

  pulling task stepping onto unstable surface (gait) 

    Stepping over stick 

    Stepping Test 

    tandem gait 

    timed figure 8 run 

    treadmill gait 

    unipedal step-down test 

    Vertical jump 

    TURN180 

    step quick turn test (SQT) 

    Sitting pivot transfers 

    risk & balance 
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 Perturbation  Stationary BOS Moving BOS 

 Self-   Heel Raise 

 generated   One leg hop test 

 perturbations   hopping 

    multi hop (Wikstrom et al., 2005) 

    Multi-Directional Dynamic Stability (MDDS) Protocol  

    Multiple hop test 

    obstacle crossing 

    Papcsy-DePaepe Test 

    Pediatric Balance Scale 

   

External  perturbed single leg stance Motor control test 

perturbation perturbed stance Motor control test with auditory task 

    perturbed treadmill gait 

    Sensory Organisation Test (condn 4) 

    Motor Coordination Test (MCT). 

      

Sensory 
manipulation 
or 
perturbation Berg Balance Scale (standing eyes closed) Sensory Organisation Test (condn 5&6) 

  Head Shake Sensory Organisation Test Stroop walking gait 

 

Sensory Organisation Test (condn 2&  3) walking gait 

Dynamic Balance Assessment split squat on JOINFIT balance dome 

  Pediatric Balance Scale Locomotor sensory organisation test 
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Appendix E: All tests identified scoping review classified with Pardasaney’s taxonomy 
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30s chair stand test ✓ ✓  
✓ 

  
✓ 

   
✓ 

    

6MWT  
✓   

✓ ✓ ✓ 
        

8 foot up and go  
✓ ✓ ✓ ✓ ✓ ✓ 

        

a modified version of the 
Springfield Beam-Walking 
Test  

    
✓ 

  
✓ 

       

anterior, lateral, & medial 
jump 

✓ ✓ ✓ 
   

✓ 
   

✓ 
    

Balance beam gait  - 
Giacolone et al 1985 

    
✓ 

  
✓ 

  
✓ 
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Balance Task  Role of Task Environmental Variation 
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intera
ction 

Obstacle 
negotiati
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External 
forces 
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Balance beam gait - 
Punakallio 2004 

 
✓  

  
✓ 

 
✓ 

   
✓ 

    

Balance beam gait - 
Robertson et al 1994 

 
✓   

✓ 
 

✓ 
 

✓ 
 

✓ 
    

balance beam speed test 1  
✓   

✓ 
 

✓ 
   

✓ 
    

balance beam speed test 2  
✓   

✓ 
 

✓ 
   

✓ 
    

Balance beam tasks - 
Butterfield et al 1998 

 
✓   

✓ 
 

✓ 
   

✓ ✓ 
   

Balance beam tasks - Boswell 
1991 

    
✓ 

  
✓ 

  
✓ 

    

Balance beam tasks - Cinelli  
✓   

✓ ✓ ✓ 
   

✓ ✓ 
   

Bass Dynamic Balance Test 
(BDBT) 

 
✓   

✓ 
 

✓ 
        

Berg Balance Scale ✓ ✓ ✓ 
  

✓ ✓ 
   

✓ 
  

✓ 
 

BESS  
✓     

✓ ✓ 
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Balance Task  Role of Task Environmental Variation 
Object  
intera
ction 

Obstacle 
negotiati

on 

External 
forces 
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Moving 
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CFP Tracking Test (center of 
foot pressure)  

✓ ✓ ✓    ✓         

Community Balance and 
Mobility Scale (CB&M) 

✓ ✓ ✓ ✓ ✓ ✓ ✓ 
   

✓ 
  

✓ 
 

drop jump - Mohammadi ✓ ✓ ✓ 
   

✓ 
   

✓ 
    

drop jump - Niu ✓ ✓ ✓ 
   

✓ 
   

✓ 
    

drop landing - de ridder & falk 
✓ ✓ ✓ 

   
✓ 

   
✓ 

    

Dynamic Balance Assessment  
✓ 

      
✓ ✓ ✓ 

  
✓ 

 

Dynamic Balance Board Test 
(DBBT) 

 
✓ 

     
✓ 

  
✓ 

    

Dynamic balance measuring 
track (Kirkendall 1987) 

  
✓ 

    
✓ 

       

Dynamic Gait Index  
✓   

✓ ✓ ✓ 
   

✓ ✓ 
   

Dynamic Gait Index (brazilian 
version) 

 
✓   

✓ ✓ ✓ 
   

✓ ✓ 
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Balance Task  Role of Task Environmental Variation 
Object  
intera
ction 

Obstacle 
negotiati

on 

External 
forces 

Dual 
tasking 

Moving 
people 
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objects 
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Figure of 8 walking     ✓           
Forward bending of trunk ✓ ✓ ✓ ✓   ✓    ✓     
forward lunge test (FL) ✓ ✓ ✓ 

 
✓ 

 
✓ 

        

Forward reach test ✓ ✓ ✓ 
   

✓ 
        

Four Square Step Test  
✓   

✓ 
 

✓ 
    

✓ 
   

Functional mobility test     
✓ 

          

Functional reach ✓ ✓ ✓ 
   

✓ 
        

gait initiation  
✓ ✓ 

 
✓ 

 
✓ 

    
✓ 

   

Gait Speed test (walking)  
✓   

✓ 
 

✓ 
        

get up from chair, sit, stand ✓ ✓  
✓ 

  
✓ 

   
✓ 

    

Golf swing ✓ ✓ ✓ ✓ 
  

✓ 
   

✓ 
    

Head Shake Sensory 
Organisation Test 

✓ ✓ ✓ 
   

✓ ✓ 
  

✓ 
 

✓ ✓ 
 

Heel Raise  
✓ ✓ 

   
✓ ✓ 

  
✓ 

 
✓ ✓ 
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Balance Task  Role of Task Environmental Variation 
Object  
intera
ction 

Obstacle 
negotiati

on 

External 
forces 

Dual 
tasking 

Moving 
people 

or 
objects 
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hopping ✓ ✓ ✓ 
   

✓ ✓ 
  

✓ ✓ ✓ ✓ 
 

jump landing task - de Ridder ✓ ✓ ✓ 
   

✓ 
    

✓ 
   

jump landing task - Meardon ✓ ✓ ✓ 
   

✓ 
        

jump landing task - Menayo ✓ ✓ ✓ 
   

✓ 
   

✓ 
    

jump landing task - Steib ✓ ✓ ✓ 
   

✓ 
   

✓ 
    

jump landing task- Wikstrom 
2006  2 

✓ ✓ ✓ 
   

✓ 
   

✓ 
    

jump landing task Wikstrom 
2007 

✓ ✓ ✓ 
   

✓ 
   

✓ 
    

jump landing task Wikstrom 
2008 

✓ ✓ ✓ 
   

✓ 
   

✓ 
    

jump landing task Wikstrom 
2005 

✓ ✓ ✓ 
   

✓ 
   

✓ 
    

Locomotor Sensory 
Organisation Test 

 
✓   

✓ 
 

✓ 
 

✓ ✓ ✓ 
 

✓ 
 

✓ 

LOS - on a Balance Master ✓ ✓ ✓ 
   

✓ 
   

✓ 
   

✓ 

LOS - on an Equitest ✓ ✓ ✓ 
   

✓ 
   

✓ 
   

✓ 
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Balance Task  Role of Task Environmental Variation 
Object  
intera
ction 

Obstacle 
negotiati

on 

External 
forces 

Dual 
tasking 

Moving 
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LOS - on a Biorescue ✓ ✓ ✓ 
   

✓ 
   

✓ 
   

✓ 

LOS - on a Force Plate ✓ ✓ ✓ 
   

✓ 
   

✓ 
   

✓ 

75% LOS ✓ ✓ ✓ 
   

✓ 
       

✓ 

LQ-YBT   
✓ 

   
✓ ✓ 

  
✓ 

    

mini-BESTest   
✓ 

 
✓ 

  
✓ 

  
✓ ✓ 

 
✓ 

 

Modified Bass Test  
✓ ✓ 

   
✓ 

        

Modified Rivermead Mobility 
Index MRMI 

✓ ✓ 
    

✓ 
        

Motor Coordination Test 
(MCT). 

 
✓ 

    
✓ ✓ 

  
✓ 

 
✓ 

  

Motor control test  
✓ 

     
✓ 

  
✓ 

 
✓ 

  

Motor control test with 
auditory task 

 
✓ 

     
✓ 

  
✓ 

 
✓ ✓ 

 

move COP to target   
✓ 

    
✓ 

  
✓ 

    

mSEBT ✓ ✓ ✓       ✓                 

multi hop ✓ ✓ ✓       ✓       ✓ ✓       
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Balance Task  Role of Task Environmental Variation 
Object  
intera
ction 

Obstacle 
negotiati

on 

External 
forces 

Dual 
tasking 

Moving 
people 
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Multi-Directional Dynamic 
Stability (MDDS) Protocol  

 
✓ ✓ 

 
✓ 

 
✓ 

   
✓ ✓ 

   

Multiple hop test ✓ ✓ ✓ 
   

✓ 
   

✓ 
    

Narrow Ridge Balance Test 
(NRBT) 

 
✓ ✓ 

    
✓ 

  
✓ 

    

object transport tasks (upper 
body movement task) 

✓ ✓ 
    

✓ 
   

✓ 
  

✓ ✓ 

obstacle crossing - Chen  
✓ ✓ 

 
✓ 

 
✓ 

   
✓ ✓ 

 
✓ 

 

obstacle crossing - Forte / Kim  
✓ ✓ 

 
✓ 

 
✓ 

   
✓ ✓ 

   

One leg hop test ✓ ✓ ✓ 
   

✓ 
        

Papcsy-DePaepe Test     
✓ 

  
✓ 

  
✓ 

    

Pediatric Balance Scale  
✓ ✓ 

   
✓ 

 
✓ 

 
✓ 

    

Pediatric Reach Test ✓ ✓ ✓ 
   

✓ 
        

perturbed stance                

perturbed treadmill gait     
✓ 

  
✓ 

  
✓ 

 
✓ 

  

pulling task ✓ ✓ ✓ 
   

✓ 
   

✓ 
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Balance Task  Role of Task Environmental Variation 
Object  
intera
ction 

Obstacle 
negotiati

on 

External 
forces 

Dual 
tasking 

Moving 
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reach task ✓ ✓ ✓ 
   

✓ 
   

✓ 
    

Rhythmic weight shift  
✓ ✓ 

   
✓ 

        

risk & balance  
✓ ✓ ✓ ✓ ✓ ✓ ✓ 

       

seated reach test  
✓ ✓ 

   
✓ 

   
✓ 

    

SEBT   
✓ ✓ 

   
✓ 

   
✓ 

    

Sensory Organisation Test 
(SOT) 

 
✓ 

       
✓ ✓ 

 
✓ 

 
✓ 

single leg hop   
✓ 

            

single leg landing task  
✓ ✓ 

   
✓ 

   
✓ 

    

single leg stance - Hatzitaki  
✓ ✓ 

   
✓ 

        

single leg stance - Heinbaugh  
✓ 

      
✓ 

      

single leg stance - Nyland  
✓ 

       
✓ ✓ 

    

single leg stance - Tsang  
✓ 

    
✓ 

     
✓ 

  

Sit to stand    
✓ 

  
✓ 

   
✓ 

    

sit to walk    
✓ 

  
✓ 

   
✓ 

    

Sitting pivot transfers    
✓ 

  
✓ 

   
✓ 
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Balance Task  Role of Task Environmental Variation 
Object  
intera
ction 

Obstacle 
negotiati

on 

External 
forces 

Dual 
tasking 
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split squat on JOINFIT balance 
dome 

  
✓ 

    
✓ 

  
✓ 

    

stance                

step quick turn test (SQT)     
✓ 

 
✓ 

        

Step Test   
✓ 

   
✓ 

   
✓ 

    

step up and over test (SUO)   
✓ 

   
✓ ✓ 

  
✓ 

    

step ups   
✓ 

   
✓ 

   
✓ 

    

Stepping in place test     
✓ 

 
✓ 

 
✓ 

      

stepping onto unstable 
surface (gait) 

    
✓ 

  
✓ 

  
✓ 

    

Stepping Test     
✓ 

 
✓ 

        

Stroop walking gait     
✓ 

 
✓ 

      
✓ 

 

tandem gait     
✓ 

 
✓ 

        

TGUG     
✓ 

 
✓ 

        

timed figure 8 run     
✓ 

 
✓ 

        

treadmill gait Falk / Vistamehr 
2016 

    
✓ 

 
✓ 

   
✓ 
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Balance Task  Role of Task Environmental Variation 
Object  
intera
ction 

Obstacle 
negotiati

on 

External 
forces 

Dual 
tasking 

Moving 
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treadmill gait Vistamehr 2014     
✓ 

  
✓ 

  
✓ 

    

trunk bending   
✓ 

   
✓ 

 
✓ 

      

TUG    
✓ ✓ 

 
✓ 

   
✓ 

    

modified TUG    
✓ ✓ 

 
✓ 

   
✓ 

    

TURN180     
✓ 

 
✓ 

        

unipedal step-down test    
✓ 

  
✓ 

   
✓ 

    

UQ-YBT   
✓ 

   
✓ 

        

Vertical jump   
✓ 

   
✓ 

   
✓ 

    

walking gait                

Weight shift - Groter   
✓ 

   
✓ 

   virtual    virtual 
Weight shift - Lee   

✓ 
   

✓ 
        

whole body dynamic 
balancing task 

               

single leg jump landing                

Karateka Moves ✓ ✓ ✓ ✓ 
  

✓ 
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Appendix F: All classified dynamic balance tests with new taxonomy 

Balance Task PE D P A 

30s chair stand test (sit to stand) PE16 D2 P1 A1 

5 times sit to stand PE16 D2 P1 A1 

6MWT PE14 D1 P1 A1 

75% LOS PE2 D3, D5 P1 A1 

8 foot up and go         

1. stand from chair PE16 D2 P1 A1 

2. walk PE14 D1 P1 A1 

3. sit PE16 D2 P1 A1 

10m walking gait T14 D1 P1 A1 

anterior, lateral, and medial jump         

two foot take off and land anterior jump PE12 D2, D5 P1 A1 

ltwo foot take off and land ateral jump PE12 D2, D3 P1 A1 

two foot take off and land medial jump PE12 D2, D3 P1 A1 

Ascend and descend stairs PE14 D12 P1 A1 

Bachman ladder task PE17 D1 P1 A1 

Balancing on fitball         
sitting,  isolated upper extremities (Buddha osn) PE1 D1 P1 A1 

sitting, free moving hands PE1 D1 P1 A1 

sitting, hands on hips PE1 D1 P1 A1 
standing on knees,  isolated upper extremities (Buddha osn) PE2 D1 P1 A1 

standing on knees, free moving hands PE2 D1 P1 A1 
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Balance Task PE D P A 

Balancing on fitball     

standing on knees, hands on hips PE2 D1 P1 A1 
standing on fitball,  isolated upper extremities (Buddha osn) PE2 D1 P1 A1 

standing on fitball, free moving hands PE2 D1 P1 A1 

standing on fitball, hands on hips PE2 D1 P1 A1 

Balance beam         
70: narrow support (wooden beam, 10 cm wide, 20 cm high, 6 m long) 
The subjects had to walk as fast as possible on the beam. PE14 D1 P1 A1 

123: six tasks: walking forward on a 4-, 3-, and 2-in. wide beam and 
walking backward on a 4-, 3 - , and 2-in, wide beam for 12 ft., which was 
supported 6 inches from the floor  PE14 D1 P1 A1 

181: walk slowly down beam, hands on hips, step over stick held knee 
high by examiner without touching it and continue to end of beam  PE14 D2 P1 A1 

241: walking a 5.08-cm. balance beam and performing two balance items 
at points approximately one-third and two-thirds of the distance (284.48 
cm.) across the beam. At the first 121.92-cm. mark the subjects were 
asked to bend down and touch one knee to the beam. At the second 
point, 182.88 an., the subjects were asked to perform a 360' turn, in 
whichever direction they preferred PE14 D2, D4 P1 A1 

381: balance beams width 4inches, 3 inches & 2 inches, 12 in in length 
and 1ft off floor. four tasks -1. walk forward, 2. walk backward,3. touch 
one knee to beam and stand, 4. stoop, turn 360 degrees and stand PE14 D2, D4 P1 A1 

1132: four balance beams widths 2.25 inches, 1.5 inches 3/4 inches and 
3/8 inches. 10 feet long, four inches high. walk the beams starting on 
wides progress to narrowest with heel to toe PE14 D1 P1 A1 
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Balance Task PE D P A 

Balance beam     

479: 8ft beams with walking surfaces of 2,4 & 6in (actual width 1 7/8in, 3 
7/8in and 5 7/8in) walking surface marked with 96 one inch zones. sturdy 
supports permitted placement of beams at three different elevations 
12in, 24in & 36in.  PE14 D1 P1 A1 

748: 2,5cm wide line taped to floor, 2 balance beams of widths 9.9cm & 
4.5cm, raised 1 foot from floor. All 365.8m long. child asked to step onto 
beginning of line or mount beam and walk entire length forward and 
backward. PE14 D1 P1 A1 
921: walk forwards and backwards as quickly as possible across  2.5m 
long, 9cm wide, 5cm thick wooden plank barefooted. walk to marked 
0.5m long mid area of plank turn 180 degrees and walked backwards  to 
opposite end of plank. immediately repeated back in other direction PE14 D4 P1 A1 

balance beam speed test 1 PE14 D1 P1 A1 

balance beam speed test 2 PE14 D1 P1 A1 

BESS         
Single leg stance (SL),  PE1 D1 P1 A1 

tandem stance (T),  PE2 D1 P1 A1 

single leg stance on medium density foam (SLF),  PE1 D1 P1 A1 

tandem stance on medium density foam (TF)  PE2 D1 P1 A1 

Berg Balance Scale         

1. sit to stand PE16 D1 P1 A1 

2. standing unsupported,  PE2 D1 P1 A1 

3. sitting usupported,  PE3 D1 P1 A1 
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4. standing to sitting  PE16 D1 P1 A1 
5. transfer from chair to chair,  PE14, PE16 D1 P1 A1 

6. standing eyes closed,  PE2 D1 P1 A1 

7. standing feet together,  PE2 D1 P1 A1 

8. reaching forward outreached arms,  PE2 D1 P1 A1 

9. retrieving object from floor, PE2 D1 P1 A1 

10. turning to look behind.  PE2 D14, D15 P1 A1 

11. turning 360 degrees,  PE14 D4 P1 A1 

12. placing alternate foot on stool,  PE14 D12, D33 P1 A1 

13. standing one foot in front,  PE2 D23 P1 A1 

14. standing on one foot.  PE1 D23 P1 A1 

Community Balance and Mobility Scale (CB&M)         

unilateral stance up to 45 sec,  PE1 D23 P1 A1 

tandem walking - 7 consecutive steps PE14 D23 P1 A1 

180 degree tandem pivot - lifting heels pivot around to opposite direction 
without stopping,  PE2 D4 P1 A1 

lateral foot scooting -  defned as alternately pivoting on the heel and toe 
of one foot while moving sideways.  PE1 D4 P1 A1 

Hopping forward - Hop twice straight along this line to pass the 1m mark 
with your heel. Maintain your balance on your right/left leg at the finish.  PE11 D2, D3, D5 P1 A1 
crouch & walk - Walk forward and, without stopping, bend to pick up the 
bean bag and then continue walking down the line.  PE14 D2 P1 A1 

lateral dodging - Patient moves laterally back and forth along the line, 
between the 2m and 4m marks by repetitively crossing one foot over and 
in front of the other  PE4 D23 P1 A1 

double leg balance on clever balance board PE2 D27 P1 A1 

drop jump PE7 D2 P1 A1 
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drop landing         

365: step down from a 40-cm high box to control drop height and land 
onto the force plate PE7 D2 P1 A1 
429: standing on one leg drop off and landed with dominant leg onto 
force plate from height of 0.31m, hands on hips, stabilise as quickly as 
possible and remain standing for 6s PE11 D2 P1 A1 
844:  bare-footed participants were instructed to start and terminate the 
landing movement in a standing position,  to take off and touch-down 
with both feet, to lean forward with the body at take-off, to make a half-
squat  with the foot contact, and finally to brake the fall smoothly. The 
drop heights were designed as three grades: low (0.32 m), medium (0.52 
m), and high (0.72 m PE12 D2 P1 A1 

Dynamic Balance Assessment         
Quiet standing on a firm surface with eyes open. PE2 D1 P1 A1 

Quiet standing on a firm surface with eyes closed PE2 D1 P1 A1 
Standing on a firm surface and performing Cyclic, rhythmic, left and right 
head rotation to visual targets placed 120 degrees apart. Large letter Ts 
clearly visible to all participants were used as the visual targets, PE2 D15 P1 A1 
Standing while performing a cyclic, rhythmic arm lifting and lowering 
task and while bolding on to a 50-cni lightweight wooden pole, 1.91 cm in 
diameter, with both bands kept shoulder width apart and elbows 
extended. The pole was raised to shoulder level and then lowered to the 
legs. PE2 D9 P1 A1 
Standing while performing cyclic. rythmic horizontal trunk rotations to 45 
degrees in each direction. PE2 D14 P1 A1 
Standing while performing cyclic, rhythmic forward trunk bending and 
extension to return to the upright (erect) standing position. The 
amplitude of the trunk bending was about 30 degrees PE2 D13 P1 A1 
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Dynamic balance measuring track (Kirkendall 1987)         
1. From the starting point, the athlete will perform a jump on one leg, on 
the mark 1 PE11 D2, D5 P1 A1 
2. After he arrived on mark 1, the athlete will balance himself, then he 
will lift himself on his soles, and after finding his balance, he will try to 
keep it for 5 seconds; PE1 D23 P1 A1 

Dynamic Gait Index         

1. walk normally;  PE14 D1 P1 A1 

2. walk fast;  PE14 D1 P1 A1 

3. walk slowly;  PE14 D1 P1 A1 

4. walk with head turns from side to side;  PE14 D15 P1 A1 

5. then neck flexion/extension;  PE14 D16 P1 A1 

6. walk and then pivot turn and stop;  PE14 D4 P1 A1 

7. walk and step over a shoebox and ‘slalom’ around two cones.  PE14 D3, D33 P1 A1 

8. walking up and down stairs. PE14 D2, D24 P1 A1 

Dynamic Gait Index/Functional gait assessment scoring form         

1. ambulate on level surface  PE14 D1 P1 A1 

2. ambulating while changing speeds PE14 D5 P1 A1 

3. ambulating with horizontal head turns  PE14 D15 P1 A1 

4. ambulating with vertical head turns PE14 D16 P1 A1 

5. ambulating with pivot turns  PE14 D4 P1 A1 

6. stepping over obstacles PE14 D33 P1 A1 

7. ambuating with a narow BOS PE14 D23 P1 A1 

8. ambulating with eyes closed PE14 D1 P3 A1 

9. ambulating backwards PE14 D1 P1 A1 

10. walking up and down stairs. PE14 D2 P1 A1 
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dynamic postural balance test PE2 D3 P1 A1 

dynamic sitting task PE2 D1 P1 A1 

Forward bending of trunk and reaching PE2 D7, D14 P1 A1 

forward lunge test (FL) PE14 D2, D5 P1 A1 

Four square step test PE14 D3, D5, D33 P1 A1 

Functional Mobility Test PE14 D3, D5, D30 P1 A1 

Functional reach         

 raise arm, reach forward  as far as possible PE2 D7, D9, D13 P1 A1 

 tested in three conditions of forward reach and lateral reach (with right 
and left hand), both in and out of brace, reach forward and lateral as far 
as possible and displace a moveable marker on the yardstick PE2 D7, D9, D13 P1 A1 

functional reaching test PE2 D7, D9, D13 P1 A1 

functional stability boundary PE2 D5 P1 A1 

gait and pick up object test PE14 D31 P1 A1 

gait initiation         

quiet standing to walk PE14 D1 P1 A1 

Gait initiation was evaluated in four different conditions: stepping 45° 
medially by crossing the swing leg over the stance leg (M45); stepping 
forward (FWD); stepping laterally 45° (L45); and stepping 90° laterally 
(L90) PE14 D1 P1 A1 

Gait speed test PE14 D1 P1 A1 

gait speed, max & preferred PE14 D1 P1 A1 
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get up from chair, sit, stand PE16 D2 P1 A1 

golf swing PE2 D4, D31 P1 A1 

Head Shake Sensory Organisation Test         

1. SOT cond 2: eyes closed, firm surface while performing rythmic head 
movements in yaw PE2 D15 

P3, 
P5 A1 

2. SOT cond 2: eyes closed, firm surface while performing rythmic head 
movements in pitch PE2 D16 

P3, 
P5 A1 

3. SOT cond 2: eyes closed, firm surface while performing rythmic head 
movements in roll PE2 D15, D16 

P3, 
P5 A1 

4.SOT cond 5: eyes closed on a sway-referenced support surface  while 
performing rythmic head movements in yaw PE2 D15, D19 

P3, 
P5 A1 

5. SOT cond 5: eyes closed on a sway-referenced support surface  while 
performing rythmic head movements in yaw PE2 D16, D19 

P3, 
P5 A1 

6.SOT cond 5: eyes closed on a sway-referenced support surface  while 
performing rythmic head movements in yaw PE2 D15, D16, D19 

P3, 
P5 A1 

hopping PE11 D2 P1 A1 

induced forward stepping PE2 D31 P1 A1 

jump landing         

two foot to one foot.  Forward and to one side over hurdle.  PE7 D2, D3, D5, D33 P1 A1 

two foot to one foot.  Forward over hurdle PE7 D2, D5, D33 P1 A1 

two foot to one foot, forward from 90cm away PE7 D2, D5 P1 A1 
two foot to one foot, forward from 40% max jump height away or 70cm 
away, over hurdle PE7 D2, D5 P1 A1 

648: jump down from box, 2 heights, land on both feet PE12 D2 P1 A1 
673, 674 841, 842, 879, 1025, 1026, 1027, 1029, 1051: two feet to one, 
jump forward 50% max vertica and 70cm from FP PE7 D2, D5 P1 A1 



 

329 
 

920, 1082: two foot to one foot  jump diagonally 45% right and left PE7 D2, D5 P1 A1 
763: one foot to one foot, down from box, forward and diagonal PE11 D2, D3, D5 P1 A1 
1028: two feet to one foot, 70cm from FP, jump to 50% max vertical  (A) 
Right limb lateral jump, (B) right limb diagonal jump, (C) 
right and left limb forward jump, (D) left limb diagonal jump, and (E) left 
limb lateral jump PE7 D2, D3, D5 P1 A1 
Karateka moves         
(i) left zenkutsu-dachi (advancement position with flexed lower left limb) 
and contemporary low block with the left arm (ghedan-barai).Forward 
displacement executing right oi-tsuki (long punch) and subsequent left 
punch (gyaku-tsuki) (steps 0–3) PE14 D5, D8,  P1 A1 

(ii) 45  backward displacement on the right performing left zenkutsu-
dachi and left uchi-uke (block with the internal side of the forearm), left 
kizami-tsuki (punch corresponding to the advanced lower limb) and right 
gyaku-tsuki (steps 4–7); PE14 D5, D8,  P1 A1 

(iii) 45 forward advancement on the left putting the right foot next to the 
left (tsugi-ashi), then executing a circular kick with the left leg (mae-ashi 
mawashi-geri) and concluding with right gyakutsuki after left foot landing 
(steps 8–10). PE14 SP11 P1 A1 

Locomotor Sensory Organisation Test         

(1) Normal walking condition: both the speed of the virtual corridor and 
the treadmill speed are matched with the preferred walking speed 
(PWS). PE14 D1 P2 A1 

(2) Reduced visual condition: no VR is presented, the treadmill speed is 
matched with the PWS, and the subjects wear vision-reduced goggles. PE14 D1 P4 A1 

(3) Perturbed visual condition: achieved by manipulating the optic flow 
speed.  PE14 D1 P4 A1 
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(4) Perturbed somatosensory condition: achieved by manipulating the 
treadmill speed.  PE14 D1 P1 A1 
(5) Reduced visual and perturbed somatosensory condition: achieved by 
reducing vision and manipulating the treadmill speed.  PE14 D1 P2 A1 
(6) Perturbed visual and somatosensory condition: achieved by 
manipulating optic flow and treadmill speed.  PE14 D1 P4 A1 
LOS         
Balance Master: 17, 34, 53, 177, 178, 322, 393, 726, 741, 944, 1004:  
move a cursor on the monitor and follow the rhythmic motion of a 
moving target while projecting their center of gravity toward 8 targets 
located on the computer screen at intervals of 45°. hld cursor in place for 
10s PE2 D3, D5 P1 A1 
Equitest: 57, 753: moved the COP in 8 directions (left, right, front, back, 
left front, left back, right front, and right back) to the furthest possible 
extent PE2 D3, D5 P1 A1 
Biorescue: 695: moved the COP in 8 directions (left, right, front, back, left 
front, left back, right front, and right back) to the furthest possible extent 
while they stood on the support PE2 D3, D5 P1 A1 

NedSVE/IBV posturography system: 744: 8 seconds the subject had to 
move and try to keep the centre of gravity within each target on screen 
in 8 directions (anterior, anterior-right, right, posteriorright, posterior, 
posterior-left, left, and anterior-left) PE2 D3, D5 P1 A1 

force plate: 814: lean forward and backward, and then side-to-side, as 
far as they could PE2 D3, D5 P1 A1 

force plate: LOS tested with eyes open and eyes closed. no screen with 
marker PE2 D3, D5 P1 A1 

LQ-YBT PE1 D2, D10 P1 A1 

maximum speed walking gait PE14 D1 P1 A1 

mini-BESTest         



 

331 
 

postural adjustments - sit to stand PE16 D2 P1 A1 

postural adjustments - rise to toes PE2 D23 P1 A1 

postural adjustments - stand on one leg PE1 D23 P1 A1 

postural adjustments - alternate stair touching PE14 D1 P1 A1 

postural adjustments - standing arm raise PE2 D9 P1 A1 

gait stability - gait PE14 D1 P1 A1 

gait stability - change in speed PE14 D5 P1 A1 

gait stability - walk with head turns PE14 D15 P1 A1 

gait stability - walk with pivot turns PE14 D4 P1 A1 

gait stability - step over obstacles PE14 D33 P1 A1 

TUG PE16, 14 D2 P1 A1 

TUG & cognitive dual task PE16, 14 D2 P1 A1 

Modified Bass Test PE4 D2, D3, D5 P1 A1 

Modified Rivermead Mobility Index MRMI PE1 D1 P1 A1 

modified version of the Springfield Beam-Walking Test (dynamic 
balance-Seashore 1951)  PE14 D1 P1 A1 

motor control test protocol         
Equitest: assesses the automatic postural reactions in response to small 
(2.8 /s), medium (6 /s) and large (8 /s) platform translations in forward 
and backward directions. PE2 D19 P1 A1 

Equitest: with auditory task PE2 D19 P14 A1 

move COP to target         

force plate - 119: move COP to track a target on screen - forward and 
back postural sway PE2 D3 P1 A1 

posturographic platform - 752: screen with a point showing a vertical 
projection of the centre of body pressure. task involved keeping the 
posture so that the point C displayed on the screen was placed one by 
one in specific areas PE2 D3, D5 P1 A1 
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stabilometer - 795: alternately shifted COP within two circles as fast as 
possibe PE2 D3, D5 P1 A1 

Promed Posturograph - 911: subject was required to move her body's 
centre of gravity (COG), so that its projection was maintained at all times 
in a square appearing on the monitor, which constantly moved in eight 
directions PE2 D3, D5 P1 A1 

KAT2000 stabilometer - 917: the cursor on the computer screen makes a 
circular movement with a speed of 360° every 10sec. task of 
superimposing the cross on the moving cursor PE2 D3, D5 P1 A1 

Good Balance - 921, 1023: . 8 targets, shown in circle on monitor - move 
COP through targets as quickly and accurately as possible. If the COP 
reached the target box, the next target box was displayed on the 
computer monitor PE2 D3, D5 P1 A1 

AccuGAIT - 943: participants practiced a postural tracking task along the 
antero-posterior (AP)and the medio-lateral (ML) axes, twice in each 
direction. PE2 D3, D5 P1 A1 
force plate - 1009: regulate their balance and to keep their CP within the 
moving box. While performing the postural task, they performed a 
secondary probe reaction time (RT) task. They responded vocally ("top") 
as rapidly as possible to an unpredictable auditory stimulus PE2 D3, D5 P1 A1 

mSEBT PE1 D2, D10 P1 A1 
Mulitple hop test PE11 D2 P1 A1 
multi hop (Wikstrom et al., 2005) PE14, 11 D2, D3, D5, D33 P1 A1 
Multi-Directional Dynamic Stability (MDDS) Protocol  PE11 D2, D3, D5 P1 A1 
multi-directional reach PE2 D2, D5, D7 P1 A1 
Narrow Ridge Balance Test (NRBT) PE1 D23 P1 A1 
obstacle crossing         

215: Ten obstacles, (80 cm * 8 cm). There were two different test 
conditions: a single task (obstacle crossing alone) and a dual-task 
(obstacle crossing plus hand button pressing tasks).  PE14 D33 P15 A1 
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768: walk at their usual (selfselected) pace from the start to the end of 
the walkway, crossing the obstacle in the center as they proceeded 
involved crossing a 10-cm hurdle  PE14 D33 P1 A1 

obstacle negotiation PE14 D33 P1 A1 

one leg hop PE7 D1 P1 A1 

Papcsy-DePaepe Test PE14 D23 P1 A1 

Pediatric Balance Scale     P1 A1 
1. sit to stand,  PE16 D2 P1 A1 
2. stand to sit, PE16 D2 P1 A1 
3. transfers, PE16 D3 P1 A1 
4. standing unsupported, PE2 D1 P1 A1 
5. siting unsupported,  PE3 D1 P1 A1 
6. standing eyes closed,  PE2 D1 P3 A1 
7. standing feet together,  PE2 D23 P1 A1 
8. standing one foot in front,  PE2 D23 P1 A1 
9. standing on one foot, PE1 D1 P1 A1 
10. turning 360 degrees,  PE14 D4 P1 A1 
11. turning to look behind,  PE2 D14, D15 P1 A1 
12. retrieving object from floor, PE2 D2 P1 A1 
 13. placing alternate foot on stool,  PE14 D1 P1 A1 
14. reaching forward with outstretched arm. PE2 D7 P1 A1 

Pediatric Reach Test PE2 D3, D5 P1 A1 

Periodic postural sway PE2 D3, D5 P1 A1 

perturbed single leg stance PE1 D19 P1 A1 

perturbed stance internal PE1, PE2 
D1, D3, D5, D11, D19, 
D31 P1 A1 

perturbed treadmill gait PE14 D19 P1 A1 

preferred and max gait speed PE14 D1 P1 A1 

pulling task PE2 D31 P1 A1 
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reach task         

217: erect standing posture, with arms comfortably placed against the 
side of the body, standing barefoot on the 0.5-m RSSCAN pressure mat 
The subjects were then asked to pick up the target placed in the center 
of the sagittal plane at two horizontal plane  distances PE2 D7 P1 A1 
968: push the sliding hand plate with the first knuckles (the 
metacarpophalangeal joints) as far as possible in the specified direction 
without taking a step could raise their heels if they desired. Upward 
reach 50 degree incline and forward reach  PE2 D6 P1 A1 

1020:  six task conditions chosen to displace the COP position in three 
different directions (forward, to the side, and mid-way between the 
forward and side directions) and to two different extents (arm’s length 
reach, a non-leaningtask, and maximum reach, a task allowing bendingat 
the hips and ankles). reach toward the target but was unable to touch or 
grasp it PE2 D3, D5, D7 P1 A1 

rhythm-direction control of movement PE2 D3, D5 P1 A1 

risk and balance PE14, PE19, PE1 D4 D12 P1 A1 

rythhmic weight shift PE2 D3, D5 P1 A1 

seated reach test PE3 D7 P1 A1 

SEBT PE1 D2, D10 P1 A1 

Sensory Organisation Test (SOT)         

1.Eyes open on firm surface, PE2 D1 P1 A1 
2.Eyes closed on firm surface PE2 D1 P3 A1 
3.Eyes open with sway referenced visual surround,  PE2 D1 P2 A1 
4.Eyes open on sway referenced support surface,  PE2 D19 P1 A1 
5.Eyes closed on sway referenced support surface, PE2 D19 P3 A1 
6.Eyes open on sway referenced support surface and surround   PE2 D19 P2 A1 
Sharpened Romberg Test PE2 D23     
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single leg hop         
1130: performed the single-leg hop test for distance, allowing the use of 
the arms to accelerate PE11 D2, D5 P1 A1 
976: jump as far as possible horizontally land on one leg PE7 D2, D5 P1 A1 

single leg hop stabilisation test PE7 D2, D5 P1 A1 

single leg jump landing task PE7 D2, D5, D33 P1 A1 

single leg stance PE1 D1 P1 A1 

Single limb stance PE1 D1 P1 A1 

Sit to stand PE16 D2 P1 A1 

sit to walk PE17 D2 P1 A1 

Sitting pivot transfers PE18 D3, D4 P1 A1 

six spot step test PE14 D11, D32 P1 A1 

split squat on JOINFIT balance dome PE2 D2 P1 A1 

step quick turn test (SQT) PE14 D4 P1 A1 

step test PE14 D1 P1 A1 

step up and over test PE14 D35 P1 A1 

step ups PE14 D1 P1 A1 

Stepping  in place test PE14 D1 P1 A1 

stepping (gait) PE14 D1 P1 A1 

stepping test PE14 D1 P1 A1 

Stroop walking task PE14 D1 P15 A1 

Tandem Gait PE14 D23 P1 A1 

Tap test PE14 D1 P1 A1 

timed figure 8 run PE14 D4 P1 A1 

treadmill gait PE14 D1 P1 A1 

trunk bending PE2 D13 P1 A1 

TUG PE17 D2 P1 A1 

TUG & dual task PE17 D2 P15 A1 
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TURN180 PE14 D4 P1 A1 

turning task PE14 D4 P1 A1 

UQ-YBT PE3 D10 P1 A1 

usual speed walking gait PE14 D1 P1 A1 

virtual and real reaching and stepping PE14 D7 P1 A1 

visual push test PE2 D1 P1 A1 

voluntary sway PE2 D3, D5 P1 A1 

walking gait         
75, 155, 460, 1016: walk across forceplates/foot pressure sensors PE14 D1 P1 A1 
104: walk between 2 
parallel lines using their normal gait and speed for 6m PE14 D1 P1 A1 
164: walk across a 2x6 inch board 8 feet in length, forwards and 
backwards PE14 D1 P1 A1 
191, 944: level walking along 10m walkway PE14 D1 P1 A1 
251: 1. walk as straight as poss 10, heel-toe arms across chest eyes open. 
2. walk as straight as poss 10, heel-toe arms across chest eyes closed PE14 D1 P1 A1 
257: walk across an uneven terrain walkway PE14 D1 P1 A1 
259: walk along a 6m walkway while wearing three different insole 
conditions under normal or reduced vision conditions PE14 D1 P1 A1 
321: walk barefoot at their selfselected speed on a 25 foot carpeted path 
with and without ‘dribble’ glasses that blocked the subject’s view of their 
feet PE14 D1 P1 A1 
431: taught to walk at 4.5 km/h±10% by immediate feedback on walking 
speed (normal walking), two different walking conditions: 1) normal 
walking and 2) walking on a white line marked on the floor across the 
force plates PE14 D1 P1 A1 
445: walkign over 10m 1. habitual and 2. max walking speeds, 3. max 
walking speed with walking width restricted to 15cm, 4. walk & name as 
many animals beginning with letter B or C, 5. walk then pick up teo hand PE14 D1,D42 P1 A1 
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weights and continue walking, 6. walk carrying an empty box, 7. walk and 
stpe ver obstacles 
890: walk along 8m walkway, randomly during 25% of trials signaled 
(audio buzzer) to terminate gait within the next two steps. The four 
experimental conditions were (midsole hardness as measured on a Shore 
A scale): (1) soft (A15); (2) standard (A33); (3) hard (A50); (4) barefoot PE14 D1, D30 P1 A1 

958: 3 m straight line on the ground. Participants, 
barefoot or in socks, must walk with one foot in front of another up 
to 10 steps without moving aside the line PE14 D23 P1 A1 
960: gait on a noncompliant and consistent surface with normal vision 
(NC), gait on a compliant and inconsistent surface (foam with embedded 
wooden blocks) with normal vision (C), gait on a noncompliant (linoleum) 
surface with vision obscured (NCVO), and gait on a compliant and 
inconsistent surface with vision obscured (CVO). obscured vision wore a 
lightweight foam-board collar that obscured visual reference to their feet PE14 D1 P3 A1 
962, 1103: walk at a self-selected comfortable speed from the start of a 2 
m marking before the GAITRite  walkway, to the end of the 2 m marking 
past the GAITRite  walkway PE14 D1 P1 A1 

1041: walk across 10m walkway with and without a glass of water in 
their dominant hand PE14 D1 P1 A1 

1064: walk at self selected speed PE14 D1 P1 A1 

1108: walk down hallway and stop at 30m condns: barefoot, wearing 
habitual shoes and custome foot orthoses, wearing habitual shoes and 
prefabricated foot orthoses PE14 D1 P1 A1 

1109: walk: single-primary task (walking alone), single-secondary task 
(hand button pressing alone), and dual-task (walking plus hand button 
pressing tasks)  PE14 D1 P1 A1 
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Weight shift PE2 D3, D5 P1 A1 

Weight shifting task PE2 D3, D5 P1 A1 
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Appendix G: New taxonomy glossary of terms 

 

Postural Equilibrium 

Static BOS: fixed position of area beneath an object or person that includes every point 

of contact that the object or person makes with the supporting surface. These points of 

contact may be body parts e.g., feet or hands, or they may include things like crutches 

or the chair a person is sitting in. 

 

Non-static BOS: moving position of area beneath an object or person that includes every 

point of contact that the object or person makes with the supporting surface. These 

points of contact may be body parts e.g., feet or hands, or they may include things like 

crutches or the chair a person is sitting in support body parts in contact with the 

supporting surface. 

 

Flight: movement that involves all supports to leave the reference surface at the same 

time 

 

no flight: at least one support is in contact with the support surface at one time. 

 

change in POS: change in point of support: change from support limb in contact with the 

reference surface at any point in the movement. 

 

Destabilising challenge 

reference surface: normal non-moving, flat, and level surface. 

 

external forces: any externally applied force to the participant, not including those that 

come from a deviation from the reference surface. 

 

variation of visual conditions: reference being eyes open, well-lit environment, 

unaltered visual field, and a non-moving visual surround. 

 



 

340 
 

object interaction: real any physical interaction with an object in the environment during 

a task that is not fixed to the environment. 

 

object interaction: virtual presence of objects in the environment that provide 

feedback/simulation during a task moving people or objects, presence of moving people 

or objects in the environment excluding the support surface and virtual objects and 

where there is no direct interaction from the participant. 

 

dual tasking: performance of a secondary task such as a manual or cognitive task while 

performing a primary balance task. 

 

obstacle negotiation: negotiation of objects systematically placed in the environment. 
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Appendix H: Football movement questionnaire informed consent 
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Appendix I: Football Movements Questionnaire 
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Appendix J: Questionnaire glossary of terms 

Football Movements Glossary 

Term Definition 

Running At a continuous speed 

Running with a turn Running with a sudden turn that changes 

the direction of the run and the 

direction the body is facing 

Rotating the trunk Legs facing in the direction of the run, 

with rotation of the upper body in any 

direction 

Running in an arc Player progressively changes path 

travelled while turning 

Cutting/sidestepping Moving to the side without rotating the 

body or changing the direction the body 

is facing 

Single leg balance whilst manipulating 

the ball 

Performing any kind of trick or skill 

whilst in possession of the ball that 

directly involved movement of the ball 

to manoeuvre past an opponent 

Lunge Any position of the body where one leg 

is positioned forward with knee bent 

and foot flat on the ground while the 

other leg is positioned behind or to the 

side 

Squat Any position of the body where both 

feet are on the ground and hips and 

both knees are bent 

Accelerating Where a player in a stationary position 

suddenly 

starts moving at a moderate or high 

intensity 
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Term Definition 

Braking Where the player becomes stationary 

after moderate to high intensity 

movement 

Two-foot jump single leg landing Movement commences with two feet on 

the floor and ends with a landing on one 

foot 

Two-foot jump two leg landing Movement commences and ends with 

two feet in contact with the floor 

Hop single leg landing Movement commences and ends with 

one foot on the floor 

Hop two leg landing Movement commences with one foot on 

the floor and ends with two feet on the 

floor 

Whole body turn Upper and lower limbs rotate 

simultaneously to face a different 

direction 

Trunk rotation Upper body rotates to the left or right 

whilst the lower limbs stay facing the 

original direction 

Head rotation Head rotates whilst upper body and 

lower limbs stay facing original direction 

Single leg kick One stable leg, pass struck with the 

other leg and foot 

Volley striking the ball with the front of the 

foot, with the toes pointing downward, 

ankle locked, and the knee lifted, other 

leg stable 

Single leg balance whilst manipulating 

the ball (skill/trick) 

Using one leg or foot to move the ball in 

order to retain possession or beat an 

opponent 
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Term Definition 

Receiving the ball Single leg stance whilst controlling the 

ball with other foot 

Heading Heading whilst both feet are in contact 

with the ground 

Heading with a jump Heading with both feet off the ground as 

a result of a jump 

jockeying A low position with both knees bent, 

turned slightly at an angle from the 

attacker allowing quick turns if needed 

Jostling to win the ball Running using upper and lower body 

strength to knock opponent away from 

the ball and regain 

Shielding the ball whilst jostling Using body to protect the ball when 

under direct pressure 

Bicycle kick Jumping and using leg to contact the ball 

over head 

Scissor kick Jumping and using both legs, one to 

propel motion and the other to contact 

the ball over head 

Slide block tackle Sliding along floor with a leg and foot up 

to block balls motion 

Sliding tackle Sliding along floor whilst using one or 

two legs to win the ball from an 

opponent 

feint Shifting a body part (Foot/knee etc) to 

disguise an action to throw opponent off 

balance 

Shoulder barge Running and using upper body strength 

and shoulder to win the ball 
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Appendix K: Differentiation of skill level informed Consent 
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Appendix L: Physical Activity Readiness Questionnaire 
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