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ABSTRACT 

Sports participation imparts a risk of injury. By considering the risk factors 
involved and taking appropriate action, many injuries can be prevented, or at least 
their severity minimised. 

Among the many injuries sustained in spor4 ankle injury is well substantiated to 
be one of the most prevalent, particularly ankle sprain in football. Mile ankle 
supports are commonly used in an attempt to decrease the risk of ankle injury, 
there are concerns over their effect upon performance and the actual mechanism 
of support. Taping is a universally accepted form of ankle prophylaxis, reportedly 
protecting the ankle by providing joint stability and enhancing proprioceptive 
input. Proprioceptive training is used in rehabilitation to reduce proprioceptive 
deficits and is beginning to be used as a tool in prevention, again by enhancing 
proprioception. However, despite their widespread use, the proprioceptive effects 
of both taping and training are unclear for healthy subjects. 

An investigation was undertaken to confirm results from preceding studies in the 
literature, concerning the prevalence of ankle injury in football. By means of an 
injury survey over two football seasons, the high incidence of injury to the ankle 
was confirmed. This prompted exploration of the influence of taping and training 
by investigating the consequences of their use upon athletic performance, and 
their proprioceptive effect upon the ankles of healthy football players. 

Neither taping nor training was shown to significantly affect athletic performance, 

so assuaging concerns over any detriment caused by their prophylactic use. 
Examination of their proprioceptive effects revealed a slight increase in postural 

sway with taping and proprioceptive training, though this was not overall 
statistically significant. Significance was seen in centre of balance positioning, 

with taping causing the centre of balance to shift to the left and proprioceptive 
training to the right in single leg stance and left in double leg stance. 
Consideration of electromyography results revealed varying changes in muscle 
activity due to taping and training dependent upon the muscle examined and its 

action in postural stability. 
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The conclusion is that both taping and training can be used without concern for 
impairment of performance but their overall effect on proprioception in the 
healthy player is still questionable. It may be that the sportsperson is at an 

optimum level of proprioception that cannot be improved. Nevertheless, 

knowledge of the proprioceptive level for the individual is useful for rehabilitation 

and there is still scope to further investigate this phenomenon, particularly in 

rehabilitation of the injured sportsperson. More importantly, the research paves 
the way for investigation into the effect of these prophylactic measures on 
incidence of injury. If either taping or proprioceptively training the healthy ankle 

can reduce the incidence of ankle injury in football, then their long-term use must 
be considered. 
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CH"TER 1: INTRODUCTION 

The reasons why people take part in sport are many. For the professional sports 

person it represents a way of life and a means of income, while for most other 

people the reasons are more Rely to be health, fitness, recreation, the enjoyment 

of competition and the social interaction that it facilitates. 

1.1 RISK OF INJURY 

Participation in sport conveys a risk of injury to all, although some may be more 

vulnerable than others. A sports injury can be defined as: 'An injury occurring as 

a result of participation in sports having one or both of the following 

consequences: a reduction in the amount or level of sports activity, the need for 

medical treatment' (de Bndjn 1991). Injury most commonly results in time lost 

from participation in the sport, financial cost to the health services, indirect cost in 

terms of lost 'working' time and a welfare cost in terms of impaired quality of life 

to the individual. Thus, the consequences of sports injury can be seen to be of 

importance to all. Some injuries, such as slight cuts or bruises, can be dealt with 

by the individual or at least basic first aid. These are termed minor injuries. 

Conversely, other injuries may be so severe that they require expertise in a 

specialist field of medical care. Between these extremes are moderate injuries, 

those injuries that are not life threatening, but likely to prevent or inhibit the 

sportsperson from training and competing to their full potential. These moderate 

injuries thus assume a greater significance for the professional sportsperson, as 

they affect their livelihood as well as their state of health. 

Sports injuries can also be broadly categorised into two types according to how 

they occur. The first is ACUTE, and is typically related to a specific incident. 

The second is GRADUAL and is an injury that develops slowly over time. 

Both types of injury have contributing factors that may be either external (related 

to the type of sports activity, the manner in which the sport is practised and the 

environmental conditions and equipment), or internal (related to individual 

physical and psychosocial factors). Different sports and different forms of 
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exercise place different demands upon participants (9111lianu 1976), nevertheless, 
the general predisposing factors of sports injuries are: - 

Lack of warm up; cold muscles, tendons and ligaments are less elastic than 

warm ones and hence more likely to tear when stretched. 

Inadequate fitness and physical weakness; if the individual is not fit enough 
for their chosen sport, the physical stresses that they experience during 

participation may cause injury. A lack of strength, speed, flexibility or 

endurance can all contribute towards injury. 

* Inappropriate training; the correct training and level of fitness will reduce the 

risk of injury by making the sportsperson's body more able to withstand the 

physical demands of the activity. 

9 Lack of recovery-, sport places physical stresses upon the body and if given 

adequate time to recover these stresses will act as a stimulus and cause the 
body to adapt to the stresses in a positive manner, making it fitter. However, 

if adequate recovery time is not allowed between training sessions and 

matches then the body is unable to recover fully. This can result in any minor 
damage to tissues not being fully repaired and as a consequence it will be 

damaged further during subsequent exercise sessions. Recovery also 
facilitates the replenishment of energy stores and fluid levels. 

* Biomechanical. imbalances and anatomical factors; an imbalance between 

muscle groups or bone lengths or the mobility at joints, can sometimes cause 

excessive stress to be placed on particular parts of the body, resulting in 

injury. This can also cause the individual to compensate for a problem in one 

part of the body, which can then result in problems in other areas. 

9 Inadequate skills and technique; a lack of skill can contribute to the risk of 

injury to an individual and their opponents. 

* inappropriate footwear; poorly designed and inappropriate footwear for the 

particular sport can contribute to injury, causing blisters or inflammation of 

2 



M. W. Faithful Chapter I 

tissues. Footwear that is wom out or provides inadequate cushioning can lead 

to injuries of the foot, knee, hip and back. 

* Lack of protective safety equipment; protective clothing and equipment is 

particular to each sport depending on the nature of the sport and amount of 

physical contact involved. 

9 Inappropriate enviromnent; in some instances the enviromnent can contribute 
to the incidence of injury. Factors involved include the weather and playing 

surface. 

e Breaking the rules; in most sports some rules are designed to reduce the 
likelihood of injury to players. These include rules on tackling, positioning of 

players and general conduct. 

9 Inappropriate opposition; in some cases the risk of injury is increased if the 

opposition is inappropriate, such as of a different standard. 

e Prior injury; with appropriate training and rehabilitation it is usually possible 

for the sportsperson to get back to full fitness. If the rehabilitation regime is 

insufficient, this then means that the individual is then more at risk of a repeat 
injury. 

(Bird 1997, Lysens 1984, Norris 1993, Taimela 1990, Williams 1976). 

Considering these factors and taking appropriate action can help prevent many 

injuries, or at least minimise their occurrence or severity (Bird 1997). However, 

as sports injuries result from a complex intemction of identifiable risk factors at a 

given point in time, the prevention of sports injuries is a complex problem and a 

continuing chaRenge to preventative sports medicine (Lysens 1984). 

1.2 INJURY INCIDENCE 

The relationship between sports activities and the nature and number of sports 
injuries have been the subject of many studies (Bedford 1984, Goldberg 1989, 

Tauton 1988, Tenvergert 1992). However, these have tended to be population 

based surveys focusing concerns on hospital Accident and Emergency 

Departments. In a national study of the epidemiology of exercise-related injury, 
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Nicholl (1991b) reported that in one year 19 million incidents resulted in new 
injuries, half of which resulted in injuries substantive enough to need treatment 

and prevent the injured taking part in their usual activities. 

Each sport is seen to have its own characteristic profile of injuries and of all the 

sports cited by Nicholl (1991a), football resulted in more than a quarter (28.9%) 

of all injury incidents (Figure n" I]). 

Figure n" 11 Proportion qflnjury Incide'nts in Vigorous ActivitY 
(Taken ftom Nicholl (199] q)) 
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1.3 INJURY IN FOOTBALL 

Football provides a different profile from, say, running in that the majority of 

injuries in football occur during match play or competition, whereas three quarters 

of injuries to rumers occur in training (Reilly 1996). 

As football is a contact sport, players frequently sustain direct blows to the body 

during a block tackle or from a collision with another player. These result in 

contusion injuries or bone fractures. Indirect injuries result from forces generated 

within the musculoskeletal structures during an activity. Damage may be 

sustained to muscles, tendons, ligaments, joint structures and bone. These types 

of injuries often occur during early or late stages of a game due to inadequate 

warm-up, poor flexibility or fatigue (Reilly 1996). Overuse injuries in football are 

caused by continued or repetitive actions, or because of exposure of a structure to 

high loads, occurring as a result of training errors, biomechanical abnormalities, 

inadequate or inappropriate footwear and terrain. 
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1.4 RESEARCH QUESTIONS 

Chapter I 

It is self-evident to state that prevention is easier than cure and, the first step 

towards preventing injuries is identifying injury predisposition. Whilst some 
injuries can be prevented and risk of re-injury reduced, damage due to reckless 

play, especially by opponents cannot be anticipated. 

As a means of taking a step towards preventing injury, particularly in football, in 

which the incidence is particularly high, this thesis will ratify information from 

preceding studies concerning prevalence of injury in football, focusing on the 

most common injury of ankle sprain. 

Following the verification of ankle sprain injury as prevalent in football and so 

providing justification to focus on prophylactic measures for the ankle sprain, the 

thesis will investigate the influence of taping and proprioceptive training the ankle 

on aspects of proprioception and athletic performance. 

Taping is a traditional method used for preventing injury, while conversely, 

proprioceptive training is a relatively new idea for prophylaxis, previously 

incorporated into rehabilitation regirnes. 

To sanction the use of either of these methods in prophylaxis, their effect on 

athletic performance is examined to rule out any significant negative effect on 

perfomiance. The thesis will then proceed to examine the use of taping and 

proprioceptive training of the ankle with respect to the proprioceptive mechanism 

of support, to determine if there is an increase in proprioceptive activity at the 

ankle joint that can be attributed to either taping the joint or proprioceptively 

training the ankle and so promote their potential for use in reducing and 

preventing injury. 
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CHAPTER 2: INJURY IN FOOTBALL 

Association football, often known as Soccer, is the world's most popular game 
(Duke 1996). Men's football was officially recognised in 1863 by the Football 

Association (FA), the governing body of English Football, and in 1888 the first 

professional league was established with 12 teams (Lopez 1997). 

The overwhelming importance that is applied to professional football lies not only 
in its fmancial capacity, but also in the fact that large numbers of individuals in 

English society regard it as important (King 1995). 

Football, in its various guises is the most popular team sport around the world 
(Stokes 1994). This popularity is part due to its simplicity and in part to its low 

cost as a participation sport. Undoubtedly, football has become the national sport 
in the vast majority of countries in the world. FIFA (Federation Internationale de 

Football Association), the world's governing body for footbalL claim the game is 

played by 200 million people in its 200 member nations (http: 11Www. fifa-com)- 

The game itself encourages fitness, physical skills and teamwork amongst players. 

However, all varieties of football involve physical contact, and this, coupled with 

the acceleration, deceleration and turning which football requires, results in a 

significant rate of injury (Stokes 1994). 

2.1BACKGROUND 

In one year in England and Wales, an estimated 19 million sport and exercise 

related incidents result in new injuries, half of which need treatment or prevent the 

injured from taking part in their usual activities, with a reported additional 10 

million incidents resulting in a recurrence of a previous injury (Nicholl 1995). 

Many of these injuries are unnecessary and the harm that they do, not only in 

terms of loss of earning capacity, but in terms of wasted effort and frustration is 

often quite disproportionate to their severity. In addition, the very circumstances 

under which they are sustained will make the patient liable to recurrence or further 

injury. 
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A study by Nicholl (1995) reported an estimated 8.6 million incidents of exercise 
related morbidity from football annually among the adult population in England 

and Wales. Franke (1977) estimated that, in Europe, football is responsible for 

50% - 60% of all sports injuries and that 3.5% - 10% of all injuries treated in 
hospitals are due to football. 

2.2 INTRODUCTION 

In football, all players are under immense physical and psychological pressure to 

perform well in competitive matches and training, in order to maintain their team 

position and advance their sporting careers (Leitin 1989). Professional football is 

obviously a contact sport with injuries considered an occupational hazard. It is 

also a multi-million pound business and therefore there are great implications, to 
both the player and the club, of time lost from playing due to injury. This 

therefore needs to be kept to a minimum (Leuin 1989). 

As football is a contact sport of world-wide appeal, there is a relatively high 

incidence of injuries (Poulsen 1991, Tucker 1997) and these football related 
in uries have become the object of increasing medical interest, as they include a j 

wide variety of musculoskeletal and medical problems (Keller 1987, Tucker 

1997). 

2.2.1 Ineury 

At present, there is no universally accepted definition of what constitutes an 

injury, nor is there a generally accepted measurement of injury severity (Luthje 

1996). Some studies regard all examples of physical damage caused by a sports 

related incident, whether or not they result in any incapacity to the athlete, to be 

an injury (McMaster 1978). Others have demanded medical treatment, or a one 

week time loss before an incident is counted as an injury (Ekstrand 1983a, 

1983b). Many studies have recommended that some time loss from sports is 

necessary for an incident to be counted as an injury (DeLee 1978, Ekstrand 

1983a, 1983b, Keller 1987). 

In 1986 in Papendal, Holland, a group meeting under the aegis of the European 

Council agreed on the following definition of a sports injury: 'The injury should 

7 



M. W. Faithful Chaptcr 2 

be acquired during a game or in practice, causing one or more of the foRowing: 

reduction of activity, the need for medical treatment or medical advice, and/or 

negative social and economic consequences' (Schmidt-Olsen 1991). 

Since different sports and different forms of exercise place different demands 

upon participants, each sport will have a characteristic profile of common sports 
injuries. For example, most of the injuries that occur in contact sports such as 

rugby are caused by collisions and are 'traumatic'. Conversely, in an activity 

such as marathon running, most of the injuries will be caused by the excessive 

repetition of a particular movement and result in a gradual overuse injury (Bird 

1997). 

2.2.1.1 Literature Review of Football In lury 

The present football injury epidemiology literature relies upon a variety of 
definitions of what constitutes an injury, making it difficult to accurately compare 

studies that have been carried out relating to football injuries. 

In most studies on injury in fbotbalL an injury is defined as an event occurring 

during scheduled training or matches which caused the player to miss the next 

game or training session (Makay 1996). 

In studies by McMaster (1978) and Nilsson (1978), every injury was reported. By 

doing so, a large proportion of minor injuries, including blisters and abrasions are 

reported. If these minor injuries are excluded, the data becomes more meaningful 

as shown by Albert (1983), Ekstrand (1982) and Sullivan (1980). They required 

injuries to be sufficiently significant to result in time being lost from practice or 

play before being included. This definition directs attention to those injuries most 

likely to have an important effect on the athlete's health and performance and is 

the defmition that is adopted in the current literature (Aranson 1996, Engstrom 

1991, Luthje 1996, Mackay 1996, Nielsen 1989). 

Football, being a contact sport is characterised by short and quick movements 

such as sprinting, sudden acceleration and deceleration, cutting (sudden changes 
in direction), pivoting, shooting and kicking - all of which are contributory to the 

risk of injury (Aranson 1996, EkbIom 1986). As with all injuries, those in football 
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are acute, recurrent or they arise from overuse, developing gradually from 

multiple minimal traumas (Smodlaka 1979). 

Numerous studies state that football, like other contact sports, has an inherent risk 

of injury, both acute and overuse (Surve 1994, Tucker 1997). The age of the 

player, sex, whether they are amateur or professional, different playing surfaces, 

weather conditions, medical service and frequency of playing all affect the 
incidence and type of injury (Luthje 1996). 

Studies that have included age as an aspect of the investigation into football injury 

have indicated that football carries a low risk of injury in the preadolescent and 

adolescent age groups. Sullivan (1980) found an injury rate of less than 1% in a 

group of players younger than 12 years. McCarroll (1984) reported on injury 

rates for football players aged 10 years and under at 1.9%, 12 years and under 
3.1% and 14 years and under 5.3%. McCarroll also reported a 7.7% injury rate 
for high school players, increasing to 8.7% for players aged 19 years and under in 

a community league. Maehlum (1984) found that injuries peaked in the 20-24 

year age group and then declined with increasing age. 

The reasons for the increase in injury with age in footbaR may be due to baU and 

body momentum, which can be expected to increase with age as the player 

becomes more skflled (Keller 1987). 

Several epidemiological surveys have reported the incidence of football injuries 

(Ekstrand 1983a, 1983c, Gazivoda 1986, Luthje 1996, Maehlum 1984, Nielsen 

1989, Nilsson 1978, Sullivan 1980), although as stated previously not all the 

studies are comparable due to the difference in the definition of the concept of 

injury. 

A number of different ways have also been used to obtain the information 

(Poulsen 1991) 

(a) Attendance at emergency departments (Maehlum 1984, Smodlaka 1979, 

Stokes 1994, Tenvergert 1992). 

(b) Special sports injury clinics (Nilsson 1978, Sullivan 1980). 

(c) Insurance claim reports (Pritchett 198 1, Roass 1979, Sandelin 1980). 

(d) Questionnaires (Weightman 1974). 
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(e) Football leagues, clubs and teams (Albert 1983, Bass 1967, Ekstrand 1983a, 
Luthje 1996, McGregor 1995, McMaster 1978, Nielsen 1989). 

Luthje (1996) found that the injury rate in the Finnish league for 1993 was 65%, 

which is comparable with a 72% injury rate reported by Nielsen and Yde (1989) 

and similar to the 69% rate reported by Ekstrand and Gillquist (1983a). Maehlum 
(1984) reported that football injuries accounted for 28.4% of all sports injuries 

presenting to an emergency department, although this is a higher rate than 

previously quoted by Ekstrand (1983a) of football being responsible for 3.5% to 
10% of all injuries treated in hospital, (originally from Franke 1977). Sports 

related injuries treated at the Department of Traumatology of the University 
Hospital of Groningen were assessed between 1982 and 1988 by Tenvergert 
(1992) and it was found that football accounted for approximately 36% of the 
total number of sports injuries treated each year. In an earlier study, reviewed by 

Smodlaka (1979), from 19,233 sports injuries treated at the Traumatology 

Hospital in Zagreb from 1952 to 1969,8,469 or 44% of injuries were found to be 
due to football. 

A theme through many published studies is that the majority (60% to 95%) of 
injuries in football occur in the lower extremity (Maehlum 1984, Poulsen 1991). 

In an assessment relating to level of play, the lower extremity injuries were as 

follows; 

64.7% - 68% Youth Sullivan 1980- Nilsson 1978, Schmidt-Olsen 1991- 

72.5%-76% Professioml Albert 1983-Luthje 1996. 

78%-88% Senior Ekstrand 1983a - Engstrom 1991. 

Of the lower extremity injuries, ankle sprains are found to be the most common 
(Ekstrand 1983b, Engstrom 1991, Janda 1995, Lmn 1989, Maehlum 1984, 

Nielsen 1989, Nilsson 1978, Sullivan 1980), accounting for 17% - 21% of all 
injuries (Ekstrand 1990, Engstrom 1991). Most of these relate to player factors, 

Y4 affecting ankles with a history of previous sprains and/or chronic instability 

(Ekstrand 1983c). However, in the study conducted by Luthje (1996), thigh 
injuries at 22% were found to be the commonest lower extremity injury. 
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2.2.2 Prevention of Injury 

Chapter 2 

The term 'prevention' is normally used in the context of sports injuries to refer to 

any measure that can stop an injury occurring. However, the process of 

prevention also plays an important role in arresting the exacerbation of a current 
injury and ensuring that the same injury does not re-occur (Taimela 1990, 

Villiana 1976). 

The aim of sports injury prevention is to reduce risk factors associated with the 

sport. Some strategies for reducing risk factors and preventing injury include :- 

* Warm-up - Specific research into the benefits of wam-dng-up in reducing the 

risk of injury is difficult due to the ethics associated with individuals 

exercising without warming-up; with the expectation that they are more likely 

to suffer from an injury. There is however, general agreement that an 

appropriate warin-up will greatly reduce the likelihood of injury. This is 

based upon the knowledge that cold muscles, tendons and ligaments are less 

elastic than warm ones and so are more likely to tear when stretched. 

Conversely, the additional elasticity of warmed-up tissues reduces the risk of 

both traumatic and overuse injuries (Garrett 1996). 

General warm-ups involve the overall body temperature being raised by active 

exercise, increasing the temperature of the deep muscles and body core. 

Specific warm-up involves movements which are to be used in actual activity, 

but at a reduced intensity. Rehearsal of body movement takes place and the 

specific tissues directly involved in the activity are heated. 

The effects of warm-up are physiological, psychological and biomechanical. 

Physiological effects are largely due to increases in temperature, while 

psychological effects are mainly due to practice. Biornechanical effects are 

achieved by alterations in the tissue response to mechanical strain. 

* Warm-down - On cessation of exercise it is important to reverse the process 

which occurred during warm-up as metabolic waste products formed during 

exercise will no longer be carried away from the work area with so much 

vigour. Instead, they will remain in the area causing pain. This is thought to 

be a possible cause of delayed onset muscle fatigue (Byrnes 1985). Flushing 
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the area with fresh blood by performing a gentle warm-down can reduce this 

effect. 

* Fitness - All components of fitness are required for injury prevention and it is 
important that training accurately reflects the physical demands of the sport. 
If individuals are not fit enough for their chosen sport, then the physical 
stresses that they experience during it may cause injury. A lack of strength, 
speed, flexibility or endurance can all contribute to towards injury. 

e Training - The correct training and level of fitness will reduce the risk of 
injury by making the participants body more able to withstand the physical 
demands of the activity. 

9 Flexibility Training - Flexibility is the range of movement possible at a 
specific joint or series of articulations and the general absence of stiffness 
(Reilly 1981). For injury prevention, Cureton (1941) suggested that flexibility 

training may condition muscles, ligaments and fascia to greater tensile 

strength and elasticity, leading to injury prevention. DeVries (1962) argued 
that the maintenance of adequate joint mobility helps to prevent or relieve soft 
tissue pain. Ekstrand (1982) ascertained that muscle tightness may predispose 

athletes to certain injuries and suggested that the type of training programmes 

undertaken can affect the number of injuries suffered. 

* Psychological Factors - Athletes or a certain psychological type may be more 

pre-disposed to injury and therefore total player management is necessary to 

be aware of outside influences that may affect perfornmce. 

* Recovery between Exercise Sessions - Sport and physical activity in general, 

places physical stress upon the body. If given adequate time to recover, these 

stresses will act as a stimulus and cause the body to adapt to the stresses in a 

positive manner; making it fitter. However, if adequate recovery time is not 

allowed between training sessions or matches then the body is unable to fully 

recover. This can result in minor damage to tissues not being fully repaired 

and as a consequence will be further damaged during subsequent exercise 

sessions; a cause of overuse injuries. 
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Footwear - The footwear wom for sports must be comfortable, provide 

adequate traction, cushion the impact of the foot striking the ground and be 

designed for specific movements such as fast changes in direction. The 

footwear should provide specific support and include features which reduce 

the risk of injury pertinent to both the sport and the athlete. 

Clothing and Equipment - Protective clothing and safety equipment is used to 

reduce the risk of injury, such as shin guards, mouth guards and padding. 

The high incidence of ankle injuries in some sports has led to the design of 

various ankle orthotic supports used for prophylactic purposes (Feuerbach 1994). 

The ideal ankle support device provides mechanical stability and proprioceptive 
feedback without limiting the normal range or function of the ankle. Ganick 

(1977) noted that the use of either high-top athletic shoes or prophylactic ankle 

taping decreased the frequency of sprains, most notably in those individuals with 

a history of prior sprain. 
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CHAPTER 3: INJURY DATABASE 

This chapter aims to provide a background into the incidence of injury in football. 
The intent is to discuss relevant information from the literature and form a 
foundation on which to build the strategies for investigating the prophylactic use 
of taping and proprioceptive training in the prevention of ankle injury. 

3.1 INTRODUCTION 

It is becoming increasingly important to document the injuries and the treatment 

of professional footballers as it not only provides a profile on each player, but it 

also gives the club an indication of its strengths and weaknesses (McGregor 
1995). A further benefit to detailing fitness and physiological levels of individual 

players is to provide a guide of pre-injury levels that can be used for rehabilitative 
purposes. It is difficult to prove that the number of games played increases the 

chance of injury for all players although this is widely accepted, as most 

professional footballers began football when very young, sometimes playing 
frequent and very competitive games as schoolboys. Therefore, it is difficult to 

know how much damage has been sustained prior to becoming professional and 

so acknowledge the underlying risk that may be involved for each player. It is 

also the case that some players with minor injuries keep playing for long periods 
before sustaining a significant serious problem, adding to the risk of injury 

incidence and to the severity of the injury sustained. 

Although the incidence of football injuries has previously been evaluated and 

epidemiological surveys from several countries have outlined the types of injury 

involved in football (Albert 1983, Ekstrand 1982, Luthje 1996, McMaster 1978), 

due to the variation in definition of injury and the different types of populations 
involved, corroboration of this information was required to provide evidence as to 

the validity of carrying out further studies on the use of taping and proprioceptive 
training. 
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3.2 INJURY DATABASE LITERATURE REVIEW 

This is a literature review of published data concerning football injuries at clubs 

and tournaments. It covers youth, senior, amateur and professional players. The 

ma ority of studies are European, with the remainder from America and the i 

United Kingdom. 

3.2.1 Incidence of injury 

Analysis of injury incidence is a common factor in investigations into injury in 

football, though the incidence and risk of injury is reported in a variety of ways. 
Predominately studies describe incidence of injury per 1000 hours of play or 

exposure, with the exception of Albert (1983), who defined incidence as the 

number of injuries divided by the number of involvement's by a single player in a 

complete training session or game. This gives an exposure rate of 0.0085 or 18 

injuries/2114 exposures; a relatively incomparable value as the length of 

exposures is not stated. Bass (1967) gave incidence as risk hours; 136 players 

being at risk in a total of 1,236 competitive fixtures and since II players are 

involved in each match of one-and-a-half hours duration, a total of 20,394 player- 

risk-hours is produced, as 'virtually all injuries occurred in the competitive 

fixtures' (Bass 1967). The error seen in this and accounted for in the majority of 

following investigations, is the number of hours for which the player trains for 

and, therefore, is 'at risk'. 

Leuin (1989), McMaster (1978) and Poulsen (1991) (Table n' 3.1) all described 

their injury incidences as percentage game or training injuries, all showing a 

comparable majority percentage of injuries occurring during the more aggressive 

and competitive situations of matches. 

Table n' 3.1 Studies DescribiLng Distribution of Inju? y as a Percentage of Match 

34.4"'o 0 5,6"'t, LEWIN 19,10 PROFESSIONAL ENGLAND 

42% 58% McMASTER 1978 PROFESSIONAL AMERICA 

37% 63% POULSEN 1991 SENIOR DENMARK 
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In those studies that describe injury incidence per 1000 hours (Table n' 3.2), it can 
be seen in all cases that the incidence of injury is higher in the game situation than 

during training, although incidence and difference between the two situations 

varies from study to study. 

Luthje (1996) found an injury rate of 1.8/1000 hours in training and 11.3/1000 

hours in matches, a ratio of 6.2: 1 injuries/1000 hours, compared to Ekstrand 

(1983b) who found 7.6/1000 hours in training and 16.9/1000 hours in matches, a 

ratio of 2.2: 1 injuries/1000 hours. 

jume n _)-, vuyies L)escrinm_i 

TRAINING AIA 1'(H 

, 0I. WrInution ol i 

ST14)), 

njurv rer 1(plfi 11()urs ol riav, 
LEVEL ( '0UiVTRY 

5.9 1 /- 1.1 34.8 1/- 5.7, ARANSON 

. 

ELITE ICLLAND 
1000 hours 1000 hours 1996 

12.4 +/- 1.4 /1000 hours ARANSON ELITE ICELAND 
1996 

7.6 1-/- 2.1 16.9+/-7.3 EKSTRAND SENIOR SWEDEN 
/1000 hours / 1000 hours 1983ab 

5/1000 hours 13/1000 hours ENGSTROM ELITE (MALE) SWEDEN 
1990 

7/1000 hours 24/ 1000 hours 
1 

ENGSTROM ELITE SWEDEN 
1991 (FEMALE) 

17.5/1000 hours INKLAAR 1996 AMATEUR HOLLAND 

2.3 8/1000 hours KIBLER 1993 TOURNAMENT AMERICA 

-YOUTH 

2.3/1000 hours 14.2/1000 hours LUTHJE 1996 ELITE FINLAND 
(injured) (injured) 

1.8/1000 hours 11.3/1000 hours 
(all) (all) 

3.6/1000 hours 14.3/ 1000 hours NIELSEN 1989 SENIOR/YOUTH DENMARK 

14/1000 hours (boys) NILSSON 1978 TOURNAMENT NORWAY 

-YOUTH 32/1000 hours (girls) 

3.7/1000 hours SCHMIDT- YOUTH DENMARK 
OLSEN 1991 

0.5 ]/1000 hours (boys) SULLIVAN YOUTH AMERICA 

1.1/1000 hours(girls) 
1980 

3.65/1000 hours WEIGHTMAN AMATEUR 
1 

ENGLAND 
74 19 PROFESSIONAL 

Differences between studies can be attributed to the difference in definition of 

injury and also to the season itself, which is shorter in both Finland and Iceland 
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than in Western Europe, therefore allowing only a short time for rest and 

recuperation between games. Aranson (1996) in an Icelandic study found a high 

difference of incidence in injury between match and training 511000 hours and a 
high incidence in injury during matches 34.8/1000 hours. However, the incidence 

of injury per 1000 training hours is similar to the other studies (Ekstrand 1983b, 

Engstrom 1990, Engstrom 1991, Nielsen 1989). 

Of those studies that gave incidence as a combined rate or were from a 
tournament, there is also a difference due to definition of injury; ranging from 

0.5111000 hours (boys) in a study of youth teams by Sullivan (1980) to 32/1000 

hours (girls) in a study conducted at a tournament Nilsson (1978). What is 

apparent from these studies is that female players are at a greater risk of injury, 

both at the youth and elite level (Engstrom 1990, Engstrom 1991, Nilsson 1978, 

Sullivan 1980). 

Of all players taking part in each of the studies, on average 70% of those 

participating were injured (Aranson 1996, Ekstrand 1983a, 1983b, Engstrom 

1990,1991, Inklaar 1996, Leuin 1989, Luthje 1996, McGregor 1995, Nielsen 

1989, Schmidt-Olsen 1991). For professional players this ranged from 65% of 

players injured over the course of a season (Luthje 1996) to 96% (McGregor 

1995). 

3.2.2 Tvpe and location of inju 

In uries to the lower extremity account for the majority of injuries 64.7% - 95% 

(Poulsen 1991, Sullivan 1980), the ankle and the knee joint vying for the position 

of most frequently injured. On average 24.46% of injuries are to the ankle and 

20.06% to the knee (Table n3.3). Interestingly, in some of the more recent 

studies, the thigh has become more frequently injured; from 8% of injuries 

(Engstrom 1990) to 22% of injuries (Luthje 1996, McGregor 1995), an average of 

17% of all injuries (Table n*3.3). 

Sprains and strains are the commonest type of injury, on average 33% are sprains 

and 25% strains (Table n* 3.4) and therefore, approximately 50% of all types of 

in . ury seen in j football (Ekstrand 1983a, 1983b, Inklaar 1996, Kibler 1993). 

Ankle sprains account for 42% - 93% of the sprains (Ekstrand 1983a, 1983b, 
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Poulsen 1991) and so are seen as prevalent, representing on average 18% of 
injuries (Table n' 3.5). 

-3 
3 Pirt-pniwro , )f Iniuriov ho If)ii)tv fd thij, I owar Vviromiti, 

724.6 

17.6 11.3 ALBERT 1983 
Iý .9 18.9 12.4 - BASS 1967 
17 20 14 EKSTRAND 

1983a, b 
22 33 8 ENGSTROM 1990 
26 23 15 ENGSTROM 1991 
23 22 - INKLAAR 1996 
13 15.8 21 KIBLER 1993 

22.7 12.1 - LEWIN 1989 
17 19 22 LUTHJE 1996 
13 23 22 McGREGOR 1995 
36 18 22 NIELSEN 1989 
24 21 18 NILSSON 1978 
40 20 17.5 POULSEN 1991 

23.1 26 - SCHMIDT-OLSEN 
1991 

63.6 18 - SULLIVAN 1980 
24.46 20.06 17.08 TOTAL 

Mble n" 3.4 Percenlave of Sbrains andStrains in Foothalt 
&& 

2 

zz 

34 
wman= 

ALBERT 1983 
29 ARANSON 1996 

29 18 EKSTRAND 1983ab 
34 ENGSTROM 1990 
34 ENGSTROM 1991 
31 19 INKLAAR 1996 

21.8 24.5 KIBLER 1993 
48 21 NIELSEN 1989 

2 0 NILSSON 1978 
42 30 SCHMIDT-OLSEN 1991 
35 

1 

SULLIVAN 1980 
33 WEIGHTMAN 1974 

33 1 25 1 AVERAGE: 49% 

A sprain is an injury to a ligament caused by sudden over-stretching. As the 

ligament is not severed, it gradually heals, but this may take several months 
dependent upon the severity. A strain is an excessive stretching or working of a 

muscle, resulting in pain and swelling of the muscles. 
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/ah/c it" 3.5 Percemave of AnkleSnrains Foundin the 1, iteraturi, 

Chapter 3 

PE - OF OF 

. V"R4l, V, V IN. 11 IRIL'. Sý 
13 

STUDY 

ARANSON 199o 
93 17.11 EKSTRAND 1983a, b 

19 ENGSTROM 1991 
23.76 NIELSEN 1989 

42 17.64 POULSEN 1991 
18.1 TOTAL 

In the more recent literature, it has become increasingly more common to attribute 

injuries incurred to category and severity (Table n' 3.6, Table n* 3.7). It is evident 
that acute or traumatic injuries are responsible for 70% of injuries and gradual or 

overuse injuries the remaining 30% of injuries (Table n'3.6). Differences in the 

percentage of overuse injuries in the literature is due to the inclusion of overuse 
injuries during the 'off season' (Ekstrand 1983b, Engstrom 1990). Overuse 

injuries sustained in 'off season' are felt to have a negatiVe impact on the player's 

capability to achieve fitness by the start of the season (Smodlaka 1979). The 

higher proportion of acute injuries is due to the fact that the majority of injuries 

occur during match situations, where more body to body contact occurs and a 

more competitive approach is appropriate. Despite this fact, of those injuries 

sustained, the majority are only minor or moderate (Table n' 3.7) and so the 

player is absent from training and/or matches for less than one month (Engstrom 

1990). 

hihle n" 3.6 Percenlave Astribulion of A cule and Overivw Imuries in FOothall. 

91 9 ARANSON 1996 
69 31 EKSTRAND 1983 
35 65 ENGSTROM 1990 
72 28 ENGSTROM 1991 
65 35 INKLAAR 1996 
94 6 LUTHJE 1996 
65 35 POULSEN 1991 
70 30 TOTAL 
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27 39 34 ENGSTROM 1990 

49 9 36 15 ENGSTROM 1991 
4 , 49 8 36 16 LUTHJE 1996 
28 54 18 POULSEN 1991 
38 41.25 20.75 TOTAL 

3.2.3 Causal Factors 

Nearly half of injuries incurred are due to contact, either with another player or 
the field (Aranson 1996, Ekstrand 1983a, Kibler 1993). Most contact injuries are 

caused by tackling or kicking (Ekstrand 1983a, 1983b, Mackay 1996), giving rise 

to knee and ankle sprains from tackling (Aranson 1996, Nielsen 1989) and muscle 

strains from kicking (Aranson 1996). 

In those studies that analysed the distribution of injuries through player positions, 

no significance was found, assuming team formations of 1: 4: 4: 2 (Engstrom 1990, 

1991, Luthje 1996) or 1: 4: 3: 3 (Ekstrand 1983a). However, although McMaster 

(1978) found injuries spread across all playing positions, it was stated that 

'midfielders, and forwards were most prone to injury'. Sullivan (1980) also found 

an exception to this theory, as in this study, goalkeepers accounted for 17.6% of 

injuries, while representing only 6% of the population at risk. 

Peaks of incidence are found in the literature at match intensive periods (Lewin 

1989, Luthje 1996) and at the beginning of the competitive season (Ekstrand 

1983a, 1983b, Engstrom 1990,1991, Leitin 1989, Luthje 1996, Nielsen 1989). 

In the majority of studies, extrinsic factors such as weather, temperature and 

playing surface did not influence the injury rate, with 72% of injuries occurring at 

>100C and 80% occurring on good grass surfaces (Engstrom 1990,1991). 

The information obtained from the literature was used to form a Questionnaire 

(Appendix n' A]) for the injury database study, in order to attain and confirm data 

about incidence, type and location of injury. This was then used to fonn a basis of 

evidence to contribute to the ftirther studies on the effects of taping and 

proprioceptive training of the ankle. 
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CHAPTER 4: THE ANKLE AND ATHLETIC PERFORMANCE 

This chapter looks at the anatomy of the ankle joint, its ligaments and describes 

the ankle sprain. It then investigates the use of ankle taping as a prophylactic 
measure to prevent ankle sprains and the possible proprioceptive effect that this 

may have, along with a review of studies investigating the effect of taping on 
athletic performance. 

4.1 THE ANKLE JOINT 

The ankle or talocrural joint consists of the articulations between the distal tibia, 
trochlea, of the talus and distal fibula, forining the corresponding tibiotalar, 
fibulotalar and distal tibiofibular joints (Donatelli 1996, Hunt 1988). 

The medial and lateral malleoli project downward to articulate with the sides of 
the trochlea. The lateral malleolus; projects down to the level of the subtalar joint 

further than the medial malleolus and this provides greater bony stability for the 
lateral side of the ankle joint (Mack 1982). 

The tibiotalar joint contains both the articulations between the large convex 

surface of the trochlea and the concave, distal tibia and that between the proximal 
facet on the medial surface of the body of the talus and the inner aspect of the 

medial malleolus (Hunt 1988). The superior surface of the talus bone is wedge 

shaped and influences the stability and orientation of the ankle joint axis during 

dorsiflexion and plantarflexion (Hunt 1988). The fibulotalar joint consists of the 

articulation between the large facet on the lateral surface of the talus and the inner 

aspect of the lateral malleolus. The distal. tibiofibular joint is composed of the 

convex articulating surface of the inner aspect of the distal fibula with the 

corresponding concave surface along the inner aspect of the distal tibia (Gray 

1991, Inman 1976). 

The ankle joint is a synovial hinge joint with defted rotational motion of 
dorsiflexion/plantarflexion (Hunt 1988, Palastanga 1992) occurring in the sagittal 

plane through a maximum range approaching 900 (Figure n* 41). In the normal 
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standing position, the foot makes a right angle with the leg - the neutral position 

of the joint. 

Figure n" 41 Movement oj'the Fr)ot in Planiar Flexion and Dors! flexion 

bOR57LEXMN 

0-300 

NEUTRAL P051TIDN 

30-500 

PLANTAR FLEXMN 

The anatomical position of the axis of the ankle joint is horizontal, but set 

obliquely to the frontal plane by 200 - 250, so that as the axis passes laterally 

through the joint; it also runs posteriorly. This obliquity is due to the outward 

rotation of the lower end of the tibia. This means that in dorsiflexion the foot 

moves upwards and medially over a range of 300 and the wider anterior portion of 

the talus is brought into contact with the narrower position between the malleoli. 
This means that the talus becomes gripped more tightly (Mack 1982), giving a 

6 wedge' effect. In plantarflexion the foot moves downwards and laterally, a range 

of 500 and the narrower posterior portion of the talus is brought into contact with 

the wider anterior portion of the tibia, which permits a small amount of free-play 

in the ankle joint as the 'wedge' effect in dorsiflexion is lost (Mack 1982), (Figure 

it" 42). There is however, an individual variation in the extent of these movements 
(Palastanga 1992). 
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Figure n" 42 Range oj'Movement at the Ankle Joint 
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The bony arrangement also helps to provide anterior stability of the ankle joint. 

As the tibia is driven forward on the plantarflexed talus, the narrower part of the 

tibia impinges of the widened anterior portion of the talus, blocking forward 

dislocation of the tibia on the talus (Mack 1982). 

4.1.1 Ankle Liptaments 

Associated with the ankle joint is a set of strong collateral ligaments, 'designed' to 

resist the large forces that weight-bearing and locomotion impose upon them 

(Reid 1992). Medially is the deltoid ligament, while laterally there are three 

separate ligaments. Both sets of ligaments radiate downwards from the malleoli 

and both have a middle band attached to the calcaneus and anterior and posterior 

bands attached to the talus (Palastanga 1992). 

4.1.1.1 Deltoid Ligament 

The deltoid ligament (Figure it' 43) resists lateral displacement of the talus (Mack 

1982). It is roughly triangular and composed of several bands of fibres fused 

together, the various bands being differentiated by their distal attachments. It has 

deep and superficial parts, attaching at the tip of the medial malleolus at its apex, 

whilst the base forms a continuous attachment anteriorly from the navicular to the 

body of the talus posteriorly (Basmajian 1982, Palastanga 1992). 

The deeper parts of the ligament are the anterior and posterior tibiotalar bands. 

The anterior tibiotalar band is the most anterior and runs obliquely forwards and 
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downwards to attach to the medial part of the neck of the talus. The posterior 
tibiotalar band is the most posterior and thickest part of the deltoid ligament. Its 

fibres run laterally and backwards to the medial side of the talus under the tail of 
the articular facet and to the medial tubercle of its posterior process (Palastanga 

1992). 

The more superficial parts of the deltoid. ligament partly overlie the anterior 

tibiotalar band and have a continuous attachment from the navicular to the 

sustentaculum tali of the calcaneus. 

The tibionavicular band runs forwards and downwards towards the tuberosity on 

the navicular bone attaching to its upper and medial parts. Continued backwards, 

this band blends below with the upper medial border of the planar 

calcalneonavicular ligament. It is succeeded by the tibiocalcaneal band whose 
fibres descend almost vertically to attach to the whole of the length of the 

sustentaculum tali (Palastanga 1992). 

Figure n" 43 Deltoid ligaments of the Ankle 
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4.1.1.2 Lateral Ligament 

The lateral collateral ligament is composed of three separate parts, the anterior and 

posterior talofibular ligaments and the calcaneofibular ligament (Figure ti" 44). 
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The anterior talofibular ligament is the weakest and most often injured (Lassiter 

1989). It originates at the tip of the lateral nialleolus and stretches to the neck of 

the talus with its fibres running anteromedially (Palastanga 1992, Reid 1992). It 

is almost horizontal and relaxed in the neutral position and thus resists anterior 

shear. During plantarflexion the ankle becomes relatively less stable because the 

posterior portion of the talar trochlea, being narrower than the anterior part, 

occupies the ankle mortise. The anterior talofibular ligament also becomes 

tightened in plantarflexion and orientated almost vertically, thus being almost 

parallel to the long axis of the tibia. In this position it provides maximal 

protection against pathologic inversion movement in the ankle joint (Reid 1992). 

The posterior talofibular ligament is a strong, thick ligament running almost 

horizontally (Basmajian 1982, Lassiter 1989, Palastanga 1992). It arises from 

the bottom of the malleolar fossa of the lateral malleolus and passes 

posteriornedially to the lateral tubercle of the posterior process of the talus. 

Above it lies the posterior tibiofibular ligament. In plantarflexion these two 

ligaments lie edge-to-edge, while in dorsiflexion they diverge medially 

(Palastanga 1992). The posterior talofibular ligament becomes stressed during 

forced dorsiflexion trauma (Lassiter 1989, Reid 1992). 

Between the two talofibular ligaments lies the calcaneofibular ligament, a narrow 

rounded cord which is free from the fibrous capsule, but has the two talofibular 

ligaments fused with its upper part (Palastanga 1992). It spreads out posteriorly 

from the tip of the lateral malleolus and passes downwards and slightly backwards 

to attach above and behind the peroneal tubercle on the middle of the lateral 

surface of the calcaneus (Palastanga 1992, Reid 1992). 

The calcaneofibular ligament is slightly tensed in the neutral position and only 

moderately resists a pathologic inversion movement of the ankle. During 

plantarflexion, the ligament is orientated almost completely horizontally, 

stabilising the subtalar joint (Reid 1992). 

The anterior and posterior ligaments of the ankle joint are localised thickenings of 

the joint capsule. The anterior ligament runs obliquely from the anterior margin 

of the lower end of the tibia to the upper surface of the anterior part of the neck of 
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the talus. The posterior ligament has fibres arising from both the tibia and fibula, 

which converge to attach to the medial tubercle of the posterior surface of the 

talus (Palastanga 1992). 

The tibiocalcaneal and tibionavicular bands control abduction of the talus, while 

adduction is controlled by the calcaneofibular ligament. The anterior tibiotalar 

band and the anterior talofibular ligament control plantarflexion, while the 

posterior tibiotalar band and the posterior talofibular ligament restrict dorsiflexion 

(Palastanga 1992). In combination, both the anterior and tibionavicular bands 

control external rotation and, together with the anterior talofibular ligament, 

internal rotation of the talus. The anterior talofibular ligament also provides 

significant resistance to varus tilt of the talus in all positions of flexion 

(Palastanga 1992). 

Figure n" 44 Lateral Ligaments of the Ankle 
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The functional unit of the ankle also includes the subtalar joint, which is made up 

from the talus and calcaneus bones and is responsible for the conversion of the 

rotatory forces of the lower extremity (Donatelli 1996). Both the calcaneofibular 

and the talocalcaneal. ligaments cross this joint (Kaumeyer 1980) and the key 

motions of inversion and eversion take place here (Reid 1992). There are three 

major ligaments of the subtalar joint in addition to the medial and lateral 

talocalcaneal ligaments; the anterior ligament of the posterior facet in the sinus 

tarsi, the interosseous, talocalcaneal ligament, and the cervical ligament, which 

covers the lateral aspect of the sinus tarsi. The interosseous talocalcaneal 
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ligament within the sinus tarsi prevents excessive eversion of the foot (Sammarco 
1995). The ankle and the subtalar joints work together to translate the rotations in 

the foot about a sagittal plane (Reid 1992). 

With physiologic loading, the mortise formed by the articular surfaces accounts 
for 30% of the stability in rotation and 100% during inversion and eversion 
(Stormont 1985). This fact means that the ankle may be unstable during the 

process of loading or unloading, but is usually stable once fully loaded (Reid 
1992). 

4.1.2 Musculature of the Ankle Joint and Lower Leg 

The musculature that traverses the ankle supports the ligamentous structures in 

maintaining the stability of the ankle and subtalar joints. 

The anterior and posterior muscle groups provide the strength for dorsiflexion and 

plantar flexion and receive some assistance in these movements from the medial 

and lateral musculature (Kaumeyer 1980). When the ankle and subtalar axes are 

considered collectively, muscles posterior and medial to these axes produce 

plantar flexion and inversion, while muscles anterior and lateral produce 
dorsiflexion and eversion (Sammarco 1995). 

The superficial posterior compartment contains the gastrocnemius and soleus, 

which combine to form the strongest of the plantarflexors. Their function is 

mediated through the subtalar joint which transmits the force to the talus and foot 

(Sammarco 1995). The deep posterior compartment contains the tibialis posterior, 

which inverts and adducts the foot and flexes the ankle (Sammarco 1995). The 

lateral compartment contains the peroneal. muscles, the strength of which is most 

important in the absorption of stress and so provides support to the lateral 

ligaments (Kaumeyer 1980). The anterior compartment contains the tibialis 

anterior, the major dorsiflexor of the ankle (Sammarco 1980). 
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The muscles involved in the research are the principal superficial muscles, 
functioning to maintain balance and postural control of the body during standing 
(Figure n" 45). 
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Figure 17" 45 Muscles (? fthe Lower 
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The special feature of muscle tissue is its ability to actively contract. The function 

of skeletal muscle is to a) shorten to produce movement of the body at joints 

(concentric movement) and b) to resist active stretching by external forces acting 

on it (eccentric movement) (Marieb 1992). 

Skeletal muscle is only active when nerve impulses reach the muscle through the 

nerve supplying it. If the nerve supply is damaged, the muscle is unable to 

function (Low 1996). 

The structure of the whole muscle is the combination of muscle and connective 

tissues, which both contribute to the function of the muscle when it is active. In a 

whole muscle, groups of contractile muscle fibres of varying diameter are bound 

together by fibrous connective tissue to form fasciculi. Further coverings of 

connective tissue bind the fasciculi together and an outer layer surrounds the 

whole muscle. 

ne portion of the lower extremity between the knee and the ankle joint is the site 

of origin for the muscles causing ankle motion and maintenance of stability of the 

ankle and subtalarjoints. 
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The gastrocnemius (Figui-e n" 46) and soleus (Fýgure n" 45) muscles combine to 

form the triceps surae. Their function is mediated through the subtalar joint. 

They are the primary plantarflexors of the foot. Since the gastrocnemius also 

crosses the knee joint, it is more effective as a plantar flexor when the knee is 

extended due to the length-tension relationship. Thus as the gastrocnernius 

muscle shortens, its ability to produce force diminishes. The soleus however, 

only crosses at the ankle joint so the position of the knee does not affect its ability 

to plantar flex the foot, consequently, the soleus is a more effective plantar flexor 

when the knee is flexed since at this time the output force of the gastrocnernius is 

less (Sammarco 1995). 

Gastrocnemius: Lateral head attachment on the lateral femoral 

condyle and lower supracondylar line. 

Medial head attachment on the popliteal surface of 

the femur, above the medial condyle. 

Common tendon insertion with Soleus and Plantaris 

muscles into the Achilles tendon. 

Function: Plantarflexes the ankle joint. 

Assists flexion of the knee. 

Soleus: Attachments to the superior part of the posterior 
fibula. 

Soleual line on the tibia and deep fascia linking the 

fibula. 

Common tendon insertion into the achilles tendon. 

Function: Plantarflexes the ankle joint. 

Postural role in standing (Bloomfield 1994). 

The soleus is placed to prevent the body falling forwards at the ankle joint during 

standing (Palastanga 1992). 
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Chapter 4 

The peroneus longus (Figure W' 47) is a long slender muscle, the more superficial 

of the two peroneal muscles. Since the peroneus longus passes under the apex of 

the medial longitudinal arch, it functions as a sling to help support the arch. By its 

plantar insertion on the first metatarsal and medial cuneiform, it accentuates the 

curvature of the arch by flexing the first metatarsal on the medial cuneiform and 

the medial cuneiform on the navicular. This muscle also runs obliquely across the 

transverse arch to the media] border of the foot. Consequently, the transverse 

arch, which bridges between the two longitudinal arches, is supported. The 

peroneus longus plays a supportive role in actively tightening the lateral arch. Its 

primary functions are plantarflexion, abduction and eversion of the foot 

(Sammarco 1995). 

Peroneus Longus: Attachment on the upper part of the lateral fibula. 

Base of the fifth metatarsal and medial cuneiform 

via a groove for the tendon on the inferior surface of 

the cuboid. 
Function: Eversion of the foot (Bloomfield 1994). 

In standing, the peroneus longus along with other surrounding muscles helps 

maintain the erect position. It controls sideways sway by pressing the medial side 
of the foot on the ground. This ftinction is better seen when standing on one leg, 

when the peroneus longus works very hard to maintain the leg over the foot and 
prevent the body from falling to the opposite side (Marieb 1992). 
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The tibialis anterior (Figitre n" 48) functions to dorsiflex the nkle and inveTt the 

foot. In inversion, this muscle supports the medial longitudinal arch of the foot. 

However, since the line of action of this muscle lies along the subtalar axis, its 

effectiveness in inverting the foot is minimal (Sammarco 1995). 

Tibialis Anterior: Attachments superior and lateral tibia and 

interosseous membrane. 

Medial surface of the medial cuneiform and base of 

first metatarsal. 
Function: Dorsiflexion of the ankle Joint. 

Inversion of the foot (Bloomfield 1994). 

As with the other muscles in the leg, the tibialis anterior is concerned with 

balancIng the body on the foot. It works with the surrounding muscles to 

maintain body balance during activities of the upper part of the body, which 

, hange the distribution of weight (Marieb 1992). 
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4.1.3 Neurophysiology of the Ankle Joint 

Chapter 4 

'Me ankle has its own protective mechanisms to prevent injury besides its 

anatomical structure. These strategies are components of the neurophysiology of 
the joint and include stretch reflex and proprioceptive mechanisms. 

The central and peripheral nervous systems control the ftmction of a joint. This 

includes the muscle stretch reflex, which is in part a protective mechanism for a 
joint to provide excessive range of motion (Hume 1998). 

The neuromuscular system also has the potential to protect the ankle joint 

complex if there is pre-activation of muscle pairs about the joint. Antagonist 

muscle activity may increase or decrease to compensate for the changing effect of 

gravity in the variation of the muscle's effective length, loading direction and 
force level generated by the agonist muscles. Without muscle pre-activation, 

sudden inversion relies on the strength of the ligaments and the anatomical 

alignment, as the muscle reflex time is too long to prevent excessive inversion 

(Hume 1998). 

The proprioceptive reflex system consists of mechanoreceptors in the ankle 
ligaments and the joint capsule. nese are specialised end organs capable of 

converting some of the mechanical energy of physical deformation into nerve 
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action potentials for transmission of the information pertaining to proprioception 
(Sammarco 1995, Zimmy 1986). Afferent nerves to the central nervous system 
connect the mechanoreceptors. In the central nervous system, these afferent 
nerves are connected to the muscles by the efferent system. After stimulation 
these muscles counteract the movements of the ankle, provoking impulses in the 
receptors of the ligaments (Karlsson 1993). 

Proprioception is discussed in more detail in CHAPTER 5. 

4.2 AMKLE SPRAIN 

Ile term 'sprain' is defmed as the over-stretching of a ligament without the 
disruption of the integrity of its fibres, or avulsion from its bony attachments 
(Diamond 1989). Ankle sprains are most probably the result of a sudden force 

that the body does not have sufficient reaction time to respond to appropriately 
(Diamond 1989, Hunt 1988). When ligaments resist tension forces they begin to 

elongate. Tension that is not restricted by muscle contraction must be restricted 
by ligaments and other non-contractile tissue until the muscle contracts with 
enough force to decrease joint tension. When strong unanticipated tension forces 

develop at a jointý ligaments are stretched rapidly and so if muscles do not 

respond rapidly enough to maintain the joint integrity, disruption of ligament, 

bone and joint may occur (Diamond 1989). 

4.2.1 Inversion Sprains 

Most ankle sprains in football occur by inversion; a figure of 70% has been 

reported by Anglietti (1994). Similarly Dufek (1991), Floriana (1976), Garfick 

(1975), Kaumeyer (1980), Lindenfeld (1988), Mack (1975), O'Donoghue (1970) 

reported most ankle injuries to be inversion injuries. 

As bony stability is greater laterally than medially, this predisposes the ankle 

towards inversion injury rather than eversion (Mack 1982). Once inversion is 

initiated, the ankle loses the bony stability of the neutral position and as inversion 

increases, the medial malleolus loses its stabilising factors and acts as a fulcrum 

for further inversion (GatWck 1977, Mack 1982). 
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Most inversion sprains occur when the foot is in some degree of plantar flexion, 

and the anterior talofibular ligament (ATFL) is stressed (Adamson 1997, 
Kaumeyer 1980). Tlie ATFL is injured first because it is perpendicular to the 

movement of the talus and less elastic and is stretched tighter than the other lateral 

ligaments in plantar flexion (Bennett 1994, Colville 1990, Gai? ick 1975, Garfick 

1997). As the foot moves from plantar flexion to dorsiflexion, the calcaneofibular 
ligament (CFL) tightens, so as the severity of the inversion injury or the strength 

of the forces increases, the likelihood of a CFL injury in addition to ATFL injury 
increases (Adamson 1997, Kaumeyer 1980). It has been noted that 66% of sprains 
involve the ATFL alone and 20% involve the ATTL and CFL (Adamson 1997). 

The CFL will be injured separately if the foot is inverted with the ankle near the 

neutral position, since this ligament win be more nearly perpendicular to the stress 
in this position (Kaumeyer 1980). 

Because the posterior talofibular ligament (PTFL) is the strongest of the lateral 

ligaments, isolated injury to the PTFL is unusual, but is often associated with 

posterior malleolar fractures which can contribute significantly to a tendency 

toward internal rotation and posterior instability when the ankle is loaded 

(Adamson 1997). 

4.2.2 Eversion Sprains 

Eversion injuries of the ankle involve the deltoid ligaments, which are stronger 

than the lateral ligaments and are thus seen less frequently, accounting for only 
5% of ankle sprains (Adamson 1997, Kaumeyer 1980). The movement of 

eversion is much more limited due to the length of the lateral malleolus and any 
increased stress is limited by this bony block and frequently causes a compression 
fracture of the fibula (Kaumeyer 1980). 

4.2.3 Sprain Classification 

There is currently no standardised system for grading ankle sprain severity 
(Lindenfeld 1988). The following is an overview of the proposals of a number of 

authors (Chorley 1997, Garrett 1976, McCluskey 1976b, McDowell 1994). 
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9 Grade 1/14 degree Sprains 

Fewer than 25% of ligamentous fibres are torn 
No instability 

Mild pain and tenderness 
Little or no swelling 
Recovery 7-10 days 

9 Grade II/ 2"ddegree Sprains 

25% - 75% of ligamentous fibres torn 

Slight to moderate instability 

Moderate pain and tenderness 

Moderate swelling and ecchymosis 
Expected recovery 2-4 weeks 

9 Grade IW 3rd degree Sprains 

More than 75% of ligamentous fibres are torn 

Significant instability 

Marked pain and tenderness 

Marked swelling and ecchymosis 
Expected recovery 5-10 weeks 

Chapter 4 

All authors agree on the relative stability/instability, associated pain and degree of 

swelling involved in the various classifications of ankle sprain and, in general, 
follow the RICE protocol treatment guidelines (Rest, Ice, Compression and 
Elevation). 

4.2.4 Effect of Sprains on Muscles and Proprioception 

Although primarily a bony ligamentous complex, there are a number of muscles 

and nerves that may be injured during ankle sprain (Chorley 1997, Diamond 1989, 

Lindenfeld 1988). Two of the peroneal. muscles, the brevis and longus, originate 

at the lateral aspect of the middle third of the fibula and pass posteriorly to the 

lateral malleolus to insert at the base of the fifth metatarsal and heads of the first 

two metatarsals respectively (Chorley 1997). These muscles are the primary 

ankle evertors and during the action of inversion ankle sprain work hardest to 
bring the ankle back to its normal position by stimulation of the muscle 
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proprioceptors (Chorley 1997, Lindenfeld 1988). The peroneals are often injured 

during inversion sprains, due to their position and action. The injury may result in 

a stretching of the proprioceptive fibres of the muscle, causing the ankle to be 

more susceptible to reinjury if rehabilitated insufficiently (Diamond 1989, 

Lindenfeld 1988). 

43 EXTERNAL AMKLE SUPPORT 

The ideal ankle support provides for mechanical stability and proprioceptive 

feedback without limiting normal range of motion or function of the ankle. 
Taping and braces are commonly used to prevent ankle injury and there is an 

increasing interest in the use of proprioceptive training for this purpose. 

43.1 Literature Review of External Support of the Ankle to Prevent Injury 

Epidemiological studies have tried to establish the ability of tape and braces to 

prevent acute ankle injury over a playing season or year (Callaghan 1997). The 

most commonly cited study on injury prevention is that of Garfick (1973), which 

studied the effect of taping on 2563 basketball players with previous ankle sprains 

over two successive seasons. The study concluded that taping had a protective 

influence for preventing ankle sprains. 

Ankle braces may also reduce the incidence and severity of acute ankle sprains in 

competition (Bahr 1994). The use of an Aircast stirrup in a control and 

experimental group in basketball was compared over two years. It was calculated 

that the brace significantly reduced the frequency of ankle injury; the players 

without the orthosis had three times the risk of ankle injury. 

Tropp (1985b) studied the effect of an ankle brace compared with a 

proprioception programme in football players and a control group over a six 

month period. In previously uninjured players the incidence of ankle sprain was 

3% for bracing, 5% for proprioception training and II% for controls. However, if 

a player had previous ankle injuries, the incidences were 2% for bracing, 5% for 

proprioception training and 25% for controls. This indicated that both 

proprioception training and bracing had significantly lowered the incidence of 

ankle sprains, especially if the ankle had been previously spmined. 
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The preventive effect of braces on sprains in football players was confirmed by a 
later prospective randomised study conducted by Surve (1994). This finding, also 
noted in laboratory studies by Karlsson (1992) was thought to be due to 
improving the defective stabilisation of the peroneii muscle group. Other studies 
have directly compared traditional taping methods and ankle braces in the 
prevention of acute ankle sprains. 

A cadaveric study by Shapiro (1994) found that the use of ankle braces and tape 

affords a dramatic increase in the protection of the ankle by decreasing the 

resultant inversion caused by an applied force. As this was a cadaveric study, the 
dynamic effects of the stabilising muscles cannot be incorporated. Therefore only 
the intrinsic passive stability provided is measured. 

Most, but not all epidemiological studies suggest that high-top shoes, athletic tape 

and orthoses are effective in reducing the incidence of ankle injuries, although the 
benefit does depend on the sport (Ashton-Miller 1996). 

Garfick (1977) noted that the use of either high-top athletic shoes or prophylactic 

ankle taping decreased the frequency of sprains, most notably in those individuals 

with a history of sprain. 

Lace-up braces have proven to be as effective as tape at restricting ankle range of 

motion (Buschbacher 1993) and they tend not to lose their supportive ability 
during exercise as tape does (Bunch 1985, GehIsen 1991). One study found that 

they may decrease rates of ankle injury when used prophylactically (Rovere 

1988). This non-controlled retrospective survey showed that the best results with 
lace-up braces were when used in conjunction with low-top shoes, allowing 

athletes to retighten the brace periodically during activity, thus providing more 

constant support. 

Stover (1980) advocated the use of the Aircast@ AirstirrupTm to supplement 

afferent stimuli at the site of ankle injury while the reparative process takes place. 
Kimura (1987) postulated that the air cells in the brace conform to the skin and so 

enhance cutaneous proprioceptive feedback. Feuerbach (1994) studied the effect 

of the Aircast@ external support on unilateral postural sway in the coronal and 

sagittal planes. Unilateral stability was enhanced in both static and dynamic 
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testing an it was also concluded that the brace enhanced afferent feedback, so 
improving postural stability. 

Greene (1990a) evaluated volleyball players before, during and after three hours 

of play and compared taping with an external supportive device. While neither 
treatment restricted vertical jumping ability, the maximum loss of restriction with 
taping was seen at 20 minutes and was reduced from 41% to 15% of total 
inversion-eversion motion. The external support device was noted to maintain 

almost all of the initial restriction and only decreased from 42% to 37% of total 

restrictive inversion-eversion motion. 

Given that external support may decrease performance and the effectiveness of the 

support restriction may change with use during exercise, it is important to 

understand the mechanism by which external supports act so that the positive 

effect can be utilised. 

Hughes (1983) stated that the ultimate goal of any external support is to prevent 
inversion sprains through restriction of available inversion. It is assumed that by 

restricting active inversion the motion available to the athlete at extreme of 
inversion and will also be limited. Miller (1990) stated that adhesive tape offers 

protection against ankle sprains during activity and that laced stabilisers offer an 

equal amount of support with the benefit of their ability to be re-tightened 
frequently during activity. The AirstuTup has not been shown to provi e 

significantly greater inversion restriction than taping or lace-on braces (Hume 

1998). 

A comparison of studies on ankle supports and their results is shown in Table n' 

4.1. This table is an adaptation of reviews by Callaghan (1997) and Miller 

(1990). 
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43.2 PotentiaUy Negative Effects of External support 

There is little evidence to support the view that long-term use of either taping or 
braces for ankle support may result in detrimental effects to the tissues around the 

ankle or joints within the kinematic chain (Callaghan 1997). Ganick (1973) 

found no increase in the frequency of knee sprains occurring as a result of using 
high-top shoes and prophylactic taping. It was further commented that the 

increased likelihood of an ankle support causing a knee injury was overshadowed 
by the protection that the ankle support offered. 

Other studies have used kinetic and kinematic analysis to evaluate the potentially 

negative effects of taping of the ankle. Contradictory results have shown that 

ankle taping can have disadvantageous secondary effects around the metatarsal 

heads in walking (Carmines 1988), or that neither taping nor braces causes any 

alteration in foot motion in running (Hamill 1986). 

In addition to adverse effects on the lower extremity, it has been the opinion of 

some researchers that the potential benefits of wearing ankle braces to prevent 

ankle injury must be weighed against the possible detrimental effect on actual 

performance (Mackean 1995). The consensus is that various braces have little 

detrimental effect on sprint or agility tests, but the results for vertical jump tests 

are contradictory. However, these differences may be due to between study 

differences of sample size, types of sport analysed, age and proficiency of the 

athlete selected. 

43.3 Proprioceptive Effect of External Supports 

Although some limitation of ankle range of movement can be achieved with 

taping and bracing, it is doubtful whether taping and bracing will withstand the 

forces of an inversion sprain. As a result, some authors have investigated the 

protective role of taping and bracing in the chronically injured ankle preventing 

injury through proprioception. (Hamill 1986, Jerosch 1995, Karlsson 1992a, 

Lentell 1995, Robbins 1995). 
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Jerosch (1995) compared two types of brace and a closed Gibney basketweave 

taping technique with figure-8 supplementation on unstable ankles. Although 

significant differences were found in angle reproduction before the test between 

stable and unstable ankles, concurring with results from Lentell (1995), taping did 

not significantly improve this and no explanation for this was offered. 

The Aircast Air-Stirrup has also been shown to facilitate joint proprioception in 

uninjured ankles with an anaesthetised lateral ligament complex. This 

improvement in joint position sense was thought to be due to the stimulation by 

the brace of the cutaneous receptors in the foot and leg, which might have 

increased the afferent feedback (Feuerbach 1994). 

71bese studies assume that assessing ankle proprioceptive functions with non- 

weightbearing indicates that such methods of support will reduce the possibility of 

trauma to the ankle and foot in full weightbearing. Some studies have addressed 

this problem by comparing bracing with taping in the full weightbearing position. 

Hamill (1986) compared a Gibney basketweave, with an unspecified brace and 

found no significant differences between the two types of supporý conclu .g at 

neither tape nor brace affected foot motion. Functional Rill weightbearing 

outcome measures were recorded in healthy and injured subjects comparing a 

lace-up brace, the Aircast Airstirrup and a taping technique by Jerosch (1995). 

Braces were found to improve the proprioception and functional ability of the 

injured and normal ankles, whereas the taping technique had no effect. Video 

analysis has been used to compare the effect of taping with various braces on 

dorsiflexion and plantar flexion of the ankle (Lindley 1995). Only the Donjoy 

ALP brace affected sagittal range of motion. 

43.4 Key Effects of External Supports 

This overview of extemal suppoits is adapted from Callaghan(1997). 

Tapes and Braces restrict range of movement 
reduce reinjury rate 
improve proprioception 
limitation of movement is lost after exercise 
no negative effect on most performance tests 
little negative effect on otherjoints, 
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Braces .. al expertise needed 
reusable 
re-adjustable 
washable 
non-allergic 

Tape individually applied 
less bulky than brace 
athletes preference 
caters for unusual anatomy 

43.5 The Effect of External Ankle Supports on Ankle Injury Rates 

Chapter 4 

The effectiveness of external ankle supports in preventing injury would be 
indicated by epidemiological evidence that external ankle support use reduced 
injury (Hume 1998). Such research would require baseline injury information 

obtained before the application of external ankle support and periodic monitoring 

of a wide variety of variables during external ankle support use. Factors such as 
the frequency and intensity of training, the type of sport played, the cause of 
injury and the severity of injury would need to be considered. Due to the time, 

cost and effort required, few such prospective studies have been completed. 

GarTick (1973) is often cited as evidence that taping can lead to a reduction in 

injury and that the use of preventive ankle taping offers protection for previously 
injured ankles. A limitation of this study was the due to the small proportion of 

players being injured, the numbers in each of the study groups were small and no 
detail of player position, skill level or playing time was provided. Rovere (1988) 

studied the effectiveness of wearing a laced stabiliser or taping in preventing 

ankle injuries and re-injuries. In this study, players were able to choose their own 

support and exchange it over time, therefore, results may be confused. Stabilisers 

can be re-tightened, which would return the amount of support to the initial 

application and in this study it is unknown whether the supports were re- 
tightened. The specific type or configuration of the tape or brace was not reported 

and there was no control of skill level or player position, nor any comparison with 

an unsupported ankle. 

In a review of the use of prophylactic ankle braces for preventing lateral ankle 

sprains, Reisberg (1992,1993) deemed that existing research was inadequate and 

42 



KW. Faithful Chapter 4 

not deftitive enough to warrant confident use of particular supportive methods. 
More reliable scientific functional data and empirical conclusions were called for 

when researching the use of prophylactic ankle supports. In contrast to this, Sitler 

(1992) stated in a review of the effectiveness of external support in reducing 
injury; that although the clinical research regarding ankle supports was limited, it 

appeared that they were effective in reducing the incidence of acute ankle injuries. 

A clinical randomiscd study was then conducted (Sitler 1994) to prospectively 
determine the efficacy of a semi-rigid ankle stabiliser in reducing the frequency 

and severity of ankle injuries in military academy cadets. The ankle stabilisers 

were found to significantly reduce the frequency of ankle injuries, however, the 

reduction was dependent on the nature of the injury. 

Prophylactic training programmes have been used in some cases in an attempt to 

determine what interventions are effective in reducing the incidence of ankle 

injury. A prophylactic programme used by Ekstrand (1983c) focused on training, 

equipment, tape, rehabilitation, exclusion, information and supervision. Although 

the programme was reported as being effective in reducing injuries by 75%, the 

effectiveness of individual components was not reported. 

Proprioceptive/co-ordination training has been reported to be as effective as an 

orthosis in decreasing injuries in Swedish football players (Tropp 1984,1988a), 

but the results can also be interpreted as indicating that the proprioceptive trai ig 

is no better than tape in decreasing injury with conclusions based on a small 

sample size. 

Surve (1994) studied the effect of the Aircast Airstirrup brace on the incidence of 

ankle sprains in senior football players during one playing season and it was 

concluded that the semi-rigid orthosis significantly reduced the incidence of 

recurrent ankle sprains in those football players with a previous history of ankle 

sprain. 

The studies that have investigated preventive measures to reduce the frequency of 

ankle injuries in sport have failed to provide unequivocal evidence of the 

effectiveness of external ankle support. Several studies do seem to indicate that 

taping or bracing may be effective in reducing the ankle injury rate (Ekstrand 
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1983a, Garfick 1973, Rovere 1988, Sider 1994, Tropp 1984,1985b) particularly 
for athletes with previous injury. The effectiveness of ankle taping or bracing is 

dependent upon the athlete's level of ankle stability or previous injury (Sitler 

1994, Tropp 1985b). 

4.4 ANKLE TAPING 

Tape has long been a popular prophylaxis within the sporting envirorument 
because of traditional beliefs that it is convenient to use and it is an effective form 

of protection against injury (Ashton-Miller 1996, Pope 1987). 

4.4.1 Prophylactic Ankle Taping 

Various intervention methods have been implemented to reduce the incidence of 

ankle sprains. Taping has been the most common method used to prevent 

ligamentous injuries of the ankle (Bocchinjuiso 1994, Hughes 1983, Libera 1972) 

and has become the principal means of preventing ankle sprains in sport (Beynnon 

1991, Bullard 1979, Gartick 1977, Gross 1987b, Gross 1991, Laughman 1980, 

Robbins 1995, Rovere 1989, Shapiro 1994, Wilkerson 1991). 

The most basic function of taping is to restdct the range of ankle motion to 

prevent extreme and injurious ankle motions (Ashton-Miller 1996, Fumich 1981, 

Laughman 1980, McCluskey 1976a, Noi7is 1983), acting essentially as an 

external ligament without interfering with the normal joint mechanics (Gar? ick 

1973, Greene 1990a, Laughman 1980, McLean 1989, Seitz 1984). 

The ultimate objective of taping is to prevent the ankle ligaments from eing 

stressed to the point of injury by externally limiting ankle inversion and eversion, 

while allowing functional dorsiflexion and plantar flexion to occur (Buschbacher 

1993, Greene 1990a, Hughes 1983). It is assumed that by restricting active 

inversion-eversion motion, the movement available to an individual at the 

anatomical limits of motion will also be restricted (Greene 1990a). 

it has been theorised that taping may act as a secondary ligament provided it is 

applied to areas of the skin which are relatively immobile and the tape is aligned 
in such a way as to prevent the extremes of physiological joint range, as in 
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isolation, neither tape, nor the strength of the tape/skin interface would resist the 

predicted force required to rupture components of the lateral ligament (Callaghan 

1997, Laughman 1980, Pope 1987). Also, when combined with the body tissues, 

taping improves the capacity to dissipate the energy associated with potentially 

traumatic forces away from the joint (Hume 1988, McLean 1989). 

Although some limitation of ankle range of movement can be achieved with 

taping (a mechanical effect), there is some evidence that taping may have a 

proprioceptive effect (Buschbacher 1993, Glick 1976, Shapiro 1994). It is 

generally believed that taping unites the skin of the foot with the leg and so 

stimulates the skin receptors and facilitates muscle contraction (McLean 1989, 

Sprigings 1981), along with position awareness and orientation (Andreasson 

1985, Karlsson 1993, Pope 1987, Robbins 1995). 

It can be seen that there are several theories on the action/effect of prophylactic 

ankle taping. it is therefore necessary to clarify this area of prevention of injury in 

order to assess the efficacy of its use. 

4.4.2 Disadvantages Associated with Ankle Taping 

Although taping has been used to support ankles for over a hundred years 

(Hughes 1983, Libera 1972), some disadvantages have been highlighted. These 

include a decrease in ankle passive range of motion due to taping affecting 

functional performance in certain activities (Ashton-Miller 1996, Burks 1991, 

Juvenal 1972, Mack 1982, Mayhew 1972) and a proposed adverse effect on 

postural control (Bennell 1994). 

Repeated daily application of tape in an athletic setting can also be costly due to 

the need for experienced personnel to apply the tape and the 'once-only' use that 

is associated with taping (Pope 1987). Repeated removal of adhesive tape can 

cause skin irritation and tape may also lose its effectiveness with prolonged 

activity (Fumich 1981, Glick 1976, Greene 1990a, Larsen 1984, Laughman 1980, 

Mayhew 1972, Metcatf1983, Myburgh 1984, Ratick 1962). 

The effectiveness of tape is lessened by; 

1. Ile mobility of the skin over which the tape is applied. 
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2. Moisture accumulation between the tape and skin, which decreases the tape's 

adherence. 
3. Tearing of fibres in the tape. 

(Hughes 1983). 

4.5 LITERATURE REVIEW OF THE ANKLE AND TAPING 

The relatively high incidence of ankle sprain injury in relation to injuries of other 
joints and parts of the body and its associated effect on athletic participation and 

routine daily activities have resulted in numerous attempts to develop external 

support systems that provide protection against initial and recurrent sprain injuries 

(Gross 1991). 

4.5.1 Literature Review of Taping Usage 

Scientific literature on taping is virtually exclusively based on the ankle joint due 

to the high incidence of lateral ankle injuries and also the fact that the ankle joint 

is readily open to taping techniques that may have a mechanical limiting effect 

(Firer 1990) and/or a proprioceptive effect (Glick 1976). 

Some of the earliest work on taping was done by Quigley (1946), who showed 

that a considerable amount of protection was offered by regular use of 'ankle 

wraps'. These non-elastic bindings effectively limited lateral mobility without 

interfering with flexion or extension. Quigley believed that prophylactic taping 

would reduce injuries by at least 50%. 

The possible mechanisms by which external support may provide stabilisation are: 

a) by providing resistance to excessive range of movement; resulting in reduced 

strain on the ligaments (Garrick 1977, Karlsson 1993, Norris 1994); 

b) by increasing muscle activation which may dissipate the force on the 

ligaments and tendons (Karlsson 1993, Norris 1994, Surve 1994); 

q) by redistributing loads away from the ankle joint centre (McLean 1989); 

d) by placing the rearfoot angle in a neutral position on landing (Gar-rick 1977, 

Laughman 1980, Walsh 1977); 

e) by decreasing the rate of loading to reach the end range of movement (Hume 

1998); 
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0 by acting to reinforce the ligaments by taking the force in their place 
(Laughman 1980). 

4.5.2 Mechanical Effect of Taping 

It is assumed that by restricting active inversion, the motion available to the ankle 

at the extreme of inversion will also be limited. So indications for taping are 
based on the assumption that some type of external support increases ankle 

stability by reinforcing the ligamentous structures of the ankle and restricting 

motion such as extreme inversion, the cause of most ankle injuries (Hughes 1983, 

Hume 1998). 

Despite the widespread use of tape, there is a question of its efficacy and 

mechanism ofjoint support (Beynnon 1991). The initial advantage of taping is its 

custom fit and control of the support mechanism stiffness. However, with activity 

and due to the viscoelastic properties of tape, the support provided to the joint by 

taping decreases, dependent upon the level of activity, duration of sport and taping 

technique as measured by range of motion before, during and after exercise 

(Beynnon 1991, Fumich 1981, Greene 1990a). 

One method of assessing whether an external support can prevent injury or protect 

against re-injury that has been utilised, is the examination of effects of support 

during particular movements thought to contribute to injury. Inversion and 

plantar flexion beyond normal range of movement have been cited as the primary 

mechanism for inversion sprains (Alves 1992, Greene 1990b, Rarick 1962). 

Reduced range of movement may be achieved through external mechanical 

restriction provided by design characteristics of footwear and external support and 

by the material stiffness. Studies that have reported ankle motion to be 

significantly limited with tape include GehIsen (1991), Lyle (1992) and 

Scheuffelen (1993). However, when taping material stretches, or the limb sweats 

during exercise, tape is known to loosen. Several authors have investigated the 

effect of exercise on the ability of external supports to restrict range of movement, 

using a variety of supports and methods of investigation. 
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Resistance to external loads is afforded by passive and sometimes active muscular 

mechanisms during weightbearing (Manfroy 1997). The majority of studies have 

investigated passive ankle motion (Alves 1992, Greene 1990b, Gross 1991, 

1987b, Laughman 1980, Malina 1962, Vaes 1985) with several others measuring 

active motion (Andreasson 1995, Bauer 1988, Greene 1990a, 1990b, Hughes 

1983) or dynamic motion (Hamill 1988,1986, McIntyre 1983). Movements most 
frequently measured at the ankle include inversion and eversion, total range of 

movement and less frequently, degree of talar tilt (Faes 1985). Methodologies 

have used combinations of external support pre and post-exercise, with exercise 

periods ranging from 5 to 20 minutes. 

In the main, studies have reported a significant decrease in range of movement 

restriction provided by the external support after exercise compared with when the 

support was first applied or without support after exercise. Of these studies, tape 

has been reported to significantly limit inversion before and after exercise by 

Bauer (1988), Fumich (1981), Greene (1990a, 1990b), Gross (1991,1987a, 

1987b), Hughes (1983), Laughman (1980), Malina (1962), Myburgh (1984), Paris 

(1995), Rarick (1962), Sprigings (1981) and Vaes (1985). However, this motion 

restriction has been reported to lessen by 40% after exercise compared with the 

pre-exercise condition (Bauer 1988, Fumich 1981, Gross 1991,1987b, Hughes 

1983, Laughman 1980, Malina 1962, Myburgh 1984, Paris 1995, Rarick 1962, 

Vaes 1985, Vilkerson 1991), but this reduction was still significantly greater than 

without any tape support (Bauer 1988, Fumich 1981, Gross 1991,1987a, Vaes 

1985). For an overview of studies see Table n* 4.2. 

Differences in methods of study must be kept in mind, as some studies have 

measured the decreased supporting strength of tape after exercise by passively 

moving the ankle with a fixed weight (Malina 1962, Rarick 1962) and others have 

used subject maximal effort (Fumich 1981). A criticism of both methods is that 

they indirectly evaluate the efficacy of taping by measuring the restriction of 

motion within the non-injurious range instead of the extremes of normal range 

prior to ligament rupture. This criticism is important since the protection required 
from taping occurs at these extremes. 
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MALINA 1962 5 minutes With exercise ankle supports provided 
significantly less support than pre-exercise 

RARICK 1962 10 minutes Tape restriction to inversion plantar flexion 
decreased up to 40% t 50% after 10 - 20 
minutes of exercise due to stretching and 
weakening of taped and decreased adhesion 
owing to sweating 

LAUGHMAN 1980 15 minutes 26.7% decrease in inversion -plantar flexion 
post-application and 18.6% restriction post- 
exercise compared with pre-exercise 

FUMICH 1981 2-3 hours Tape reduces ROM to 10- 14%, but loosening 
occurred after exercise. Resistance decreased 
50% after exercise. Post exercise residual 
restriction provided by tape still greater than 
untaped. 

HOCHMAN 1982 90 minutes F; Ilowing exercise, tape lost its support 
HUGHES 1983 20 minutes Decrease in support after exercise compared 

with original ROM. 
MORRIS 1983 10 and 20 minutes Inversion and eversion ROM significantly 

reduced with tape even after exercise. Tape less 
effective after 10 minutes but restriction after 
20 minutes was still significant compared with 
pre-tape condition. 

MYBURGH 1984 1 hour Tape restricted joint motion by 20%-40% 
before exercise. After I hour only 10% 
residual restriction. 

VAES 1985 30 minutes Significant decrease in talar tilt which 
decreased but remained significant after 
exercise. 

GROSS 1987 10 minutes Inversion and eversion significantly reduced 
following application and exercise. 

BAUER 1988 30 minutes Taping ankle resulted in decreased ROM 
41.6% restriction before exercise. After 30 
minutes only 6.6% restriction. 

GREENE 1990 10,60 and 180 Tape restricted ROM by 41% initially, but 
minutes restriction was only 15% after exercise. 

Maximal loss of restriction after 20 minutes of 
exercise. 

WILKERSON 1991 2-3 hours ROM decreased post tape application. Initial 

restriction of 40% decreased to 20 % after 
exercise. 

GROSS 1991 10 rn inutes Inversion and eversion significantly reduced 
following application and exercise. 

FRANKENY 1993 15 minutes 50% of supporting strength lost after exercise. 
BARTOLD 1993 30 minutes Taping had maximal loss in restriction for 

inversion and eversion after 30 minutes of 
I exercise. 

GROSS 1994 10 minutes Inversion and eversion significantly reduced 
post application and exercise. Eversion 
increased significantly following exercise post 
apElication. 

PARIS 1995 15,30,45,60 ROM decreased with application. Ankle 
minutes inversion ROM significantly increased after 15 

minutes. 
METCALFE 1 1997 

1 
20 minutes Restricted all ROM except plantar flexion. 
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It can be concluded that tape loses its restrictive ability to a significant extent with 

exercise, although there still may be more support at this time than without any 
tape at all, dependent upon the tape application technique. Research on different 

taping techniques by Hughes (1983) indicates that a Gibney-basket weave with a 
double heel lock retains 72.5% of the initial range of movement restriction, while 

other techniques are about 65% effective (Hughes 1983, Libera 1972). In several 

studies, Andreasson (1980,1983) examined mechanical properties of tape and 
found from tensile tests, that tape breaks at a force of 75N per cm width. Elastic 

modules of 'elastic' tapes average 269N per cm width compared to 128ON per cm 

width for stiff tapes, assuming constant thickness. From these studies it was 

concluded that the mechanical support from tape is insufficient and therefore the 

role of tape could be to provide proprioceptive feedback rather than to support the 

ankle biomechanically (Andreasson 1985, Buschbacher 1993, Freeman 1965, 

Glick 1976, Hergenroeder 1990, Karlsson 1985, Pope 1987, Robbins 1995, 

Shapiro 1994, Tropp 1985). 

4.5.3 Proprioceptive Effect of Taping 

An additional or alternative approach and explanation of reducing range of 

movement and so stabilising the ankle joint by taping is that a change in muscle 

activity due to pressure on the tissues surrounding the joint occurs. Contractionof 

the muscles results in compression of the joint, thereby providing a stabilising 

effect (Hume 1998). 

Change in muscle activity is facilitated by the adhesive tape stimulating the skin 

receptors, thereby improving proprioceptive function as well as the mechanical 

support (Nonis 1994, Surve 1994). The magnitude, duration or timing of muscle 

activation has been reported to change with the use of external support (Glick 

1976, Fergusson 1973, Karlsson 1993, Scheuffelen 1993), however, the question 

as to whether tape offers a proprioceptive stimulus is still controversial and a 

matter for further investigation. A study by Sprigings (1981) looked at the effect 

of a sudden inversion of the foot during weightbearing. No difference was found 

in the integrated EMG activity in the peroneus longus between the taped and non- 

taped ankle. The conclusion from this was that if an individual is wearing ankle 
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tape, they learn to ad ust the muscle control of the joint to prevent skin drag Ii 

(Sprigings 1981). 

Whether a support provides reaction to inversion by acting as a mechanical 
barrier, by directing force away from the joint centre by altering the joint posture, 

reducing stress on the ligaments by transferring the mechanical forces away from 

them and/or by increasing muscle activation through proprioception has still not 
been adequately determined despite the varied and numerous studies (Hume 

1998). This indicates a need for the investigation of proprioception and the effect 

of taping. 

4.6 ATHLETIC PERFORNIANCE 

The impact on athletic performance of any device is an important cons eration 

when deciding on its use (Verbrugge 1996). Although ankle supports may 

prevent injury, many players believe that they will restrict athletic performance 

(Pienkonwki 1995). This belief discourages its use and precludes the injury 

protection that it could provide (Hume 1998). 

4.6.1 Literature Review of the Effect of Taping on Athletic Performance 

The high incidence of ankle injury in athletic participation has resulted in efforts 

to develop external support systems that will provide protection against these 

injuries without hindering performance (Gross 1994). 

Research conducted on the efficacy of external support including that of taping 

has so far been inconclusive. Most studies on ankle taping have focused on 

examining the change in range of movement or stiffness of the tape after 

application (Bunch 1985, Fumich 1981, Glick 1976, Gross 1987b, Laughman 

1980, Libera 1972, Myburgh 1984, Rovere 1988). 

The impact of taping on athletic performance is an important consideration and 

throughout the literature external support has been reported to have either no 

effect on performance in jumping, sprinting or shuttle activities (BocchinAso 

1994, Gross 1994, Jerosch 1997, Macpherson 1995, Paris 199Z Miley 1996), or 

to have and adverse effect on performance in running and jumping activities 
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Pennell 1994, Burks 1991, Greene 1990a, Mackean 1995, Metcaýre 1997, Paris 

1992). 

As studies using the same performance tests of vertical jump and shuttle run have 

shown contrasting results, it is difficult to conclude whether one particular 

movement pattern is affected more by external ankle support than any other. 
Performance is important, and if an application hinders an athlete's performance 
or ability to compete, it will be discarded, irrespective of whether it is effective or 
not (Burks 1991). 

Thomas (1971) reported that taping one or both ankles had no significant effect on 

a subject's time to complete an agility run that involved cutting manoeuvres 
(Gross 1994). Burks (1991) also reported that application of athletic tape resulted 
in decreased performance in the vertical jump and that performances for aI 0-yard 

shuttle run and 40-yard sprint were adversely affected by the application of 

athletic tape. Mayhew (1972) found that taping athletes ankles decreased 

performance in the vertical jump and standing broad jump compared to their 

performance without tape. Juvenal (1972) similarly described a decrease in 

vertical jumping ability with taping. 

The inconclusive nature of research into the effect of prophylactic support is 

however, negated by the fact that nowhere in the literature has it been shown that 

prophylactic taping or bracing improves performance. 

A summary of the effect of different types of external support on athletic 

performance can be seen in Table n' 4.3. 
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Rible n' 4.3 Uect of External S rformance ypport on Pe_ 
lvflj, li, ýv 

Chaptcr 4 

STLIDY 

BERIAU 1994 

METHOD 

Agilm Coursc - Aircast(ý Sports 

REVLTI, T 

Donjoý & Training bracc 
Stirrup & Training brace. Swede-0 significantly slower than for other 

brace and Donjoy ALP. conditions. Ankle braces produced 
slower agility times compared with 
no brace condition. 

BOCCHINFUSO Vertical jump. 80-ft sprint, shuttle No cffcct on performance. 
1994 run and 4-point run - Active 

A . n1deT1 " Training brace. AircastS 
Sport Stirrup. 

BURKS 1"l Broad jump. vertical jump, I 0-vd Ankle taping significantly 
shuttle run and 40-vd sprint - decreased performance in vertical 
Swedc-0 Tm brace, Kallassy TM jump. shuttle run and sprint. 
brace and tape. Swcdc-OTm in vertical jump, 

broad jump and sprint. Kallassy"' 
in ve cal jump. 

COFFMAN 1989 Vetical jump and speed test - Vertical jump and speed 
ankle taping. AircastS Sports significantly decreased with tape. 
Stirrup. Brace decreased speed. 

GROSS 1"4 40m sprint, figure-of-eight run and No significant effect. 
standing vertical jump - Donjoy 
ALP. AircastO Sport Stirrup. 

GROSS 1"7 40m sprint. figure-of-eight run and No significant effect on 
standing vcrtical jump - Donjoy performance. 
ALP. Aircast@ S rts Stirrup. 

HOCHMAN 1982 Vertical jump after 90 minutes No significant difference between 

exercise - Ankle taping and different types of taping and ankle 
MikrosT'm brace. bracing. 

MACKEAN 1995 Vertical jump, jump shot. sprint Vertical jump significantly lower 
drill and submaximal treadmill run with tape. 

- Tape, Swedc-0. Active Ankle 
T"" and AircastOSports Stirrup. 

MACPHERSON Vertical jump. 40-yd sprint. 20-yd No significant effect. 
1995 shuttle run - AircastOSports 

Stirrup'rm and Donjoy 
RocketSocTm. 

METCALFE 1997 Vertical jump. agility test - tape. vertical jump significantly 
lace-up brace. decreased, as were performance 

times compared with no external 
support. 

PARIS 1992 Speed, agility, balance and Vertical jump significantly 
vertical jump - tape. Swede-OTm. reduced by New CrossTm. No 
New Cross""". McDavidm. other sigrifficant effects. 

VERBRUGGE 1"6 Agility nut, 40-yd sprint and No significant effect. 
vertical jump - AircastOSports 
Stirrup, taping. 

Adapted from Hume (1998). 
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CHAPTER 5: PROPRIOCEPTION 

The next two chapters set out to discuss proprioception and its measurement using 

postural stability and electromyography. 

5.1 OVERVIEW OF PROPRIOCEPTION 

The Latin word proprius means 'own' and in connection with perception defines 

proprioception as an awareness of oneself. Proprioception in fact describes an 

awareness of posture, movement, and changes in equilibrium and mechanical 

inertia that generate pressures and strains at a joint (Donatelli 1996). 

Numerous investigators have observed that afferent feedback to the brain and 

spinal pathways is mediated by skin, articular and muscle mechanoreceptors 
(Bastian 1988, Lephart 1997, McCloskey 1978) and that proprioception 

contributes to the motor programming for neuromuscular control required for 

precision movements. Also observed is that proprioception contributes to muscle 

reflex, providing dynamic joint stability (Lephart 1997) in addition to the 

mechanical restraint provided by articular structures (Kennedy 1982). 

The neural input that is provided by the peripheral mechanoreceptors, as well as 

the visual and vestibular systems is all integrated by the central nervous system 

(CNS) to generate a motor response. These responses generally fall under three 

levels of motor control: spinal reflexes, cognitive programming and brain stem 

activity (Lephart 1997). In a situation in which ajoint is placed under mechanical 

loading, reflex muscular stabilisation is stimulated through the spinal reflexes 

(Guanche 1995). The second level of motor control, located within the brain stem 

receives input from joint receptors, vestibular centres and visual input from the 

eyes to maintain posture and balance of the body (Lephart 1997). Cognitive 

programming involves the highest level of CNS function (motor cortex, basal 

ganglia and the cerebellum) and refers to voluntary movements that are repeated 

and stored as central commands. This awareness of body position and movement 

allows various sIdlls to be performed without continuous reference to 

consciousness (Lephart 1997). 
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Proprioception encompasses two aspects of position sense: static and dynamic. 

Static sense provides conscious orientation of one body part to another. Dynamic 

sense gives the neuromuscular system feedback about the rate and direction of 
movement (Laskowski 1997). Thus, proprioception can be thought of as a 

complex neuromuscular process that involves both afferent input and efferent 

signals. This allows the body to maintain stability and orientation during both 

static and dynamic activities (Laskowski 1997). In general, however, it is the 

process by which the body can vary muscle contractions in immediate response to 
incoming information regarding external forces (Hoffman 1995). 

There are two levels of proprioception: conscious (voluntary) and unconscious 
(reflex initiated). While conscious proprioception enables properjoint function in 

sports and activities, unconscious proprioception modulates muscle function and 
initiates reflex stabilisation of joints by way of the muscle receptors (Lephart 

1994). Muscular activity and joint motion, either performed consciously or 

subconsciously, are the products of multi-site sensory input which is received and 

processed by the brain and spinal cord. The perception and execution of 

musculoskeletal control and movement are mediated primarily by the CNS. The 

CNS receives input from three main sensory subsystems; the somatosensory 

system, the vestibular system and the visual system (Lephart 1998). 

5.1.1 Mechanoreceptors 

Activation of joint mechanoreceptors is triggered by the deformation and loading 

of the soft tissues that compose the joint. This neural stimulation travels to the 

CNS for integration via cortical and reflex pathways. These mechanoreceptors 

demonstrate adaptive properties depending on a particular stimulus (Grigg 1994). 

Quick-adapting (QA) joint mechanoreceptors, such as the Pacinian corpuscles, 
decrease their discharge rate to extinction within milliseconds of the onset of 

continuous stimulus (Boyd 1954, Lephart 1997). QA mechanoreceptors are 
thought to mediate the sensation of joint motion. Pacinian corpuscles are 

sensitive to the onset of sudden changes and pressure movements and are 
therefore stimulated by the initiation of, or termination of joint motion, rapid 

acceleration or directional change, or a rapid loading or change in tension applied 

55 



KW. Faithful Chapter 5 

to the capsuloligamentous complex. These receptors are located at ligamentous 
insertions of associated joint capsules and serve to initiate protective reflexes 
(Sammarco 1995). 

Slow-adapting (SA) joint mechanoreceptors continue their discharge in response 
to a continuous stimulus (Grigg 1994); these receptors include Ruffini endings, 
Rufflini corpuscles and Golgi tendon organs. SA receptors are thought to play 

more of a role in joint position (Johansson 1991). Golgi tendon organs and 
Ruffini endings respond to constant pressures and slow changes and best yield 
information about body position as well as sensing motion and changes in the 

angle of rotation (Sammarco 1995). 'Mese receptors are sensitive to capsular 

stretching and serve to signal the proximity of a joint to the limits of motion 
(Zimmy 1986). 

it has been suggested that muscle and joint mechanoreceptors are complementary 
to each other in providing afferent input in regard to limb position (Baxendale 

1988, Lephart 1997). This relationship has been supported by the identification of 

neural components necessary for the sensation of motion (QA Pacinian 

corpuscles), joint position and acceleration (SA Ruffmi endings and RufFini 

corpuscles) and pain (free nerve endings) within ligamentous, cartilaginous and 

muscular structures of thejoints, (Lephart 1997). 

Cutaneous receptors provide angle-related signals when the skin covering one side 

of a joint is stretched, or when the position of a joint brings skin surfaces into 

contact (Burgess 1982, Gfigg 1994). Support for a role for cutaneous receptors in 

proprioception comes mainly from the fact that cutaneous afferent neurons, 

particularly slow-adapting afferents, in fact encode joint movements (Grigg 

1994). 

Similarity between cutaneous and joint receptors creates the potential to restore 

the loss of afferent proprioceptive input of the joint through cutaneous stimulation 
from a variety of external support devices (Sammarco 1995). 
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5.2 LITERATURE REVIEW OF PROPRIOCEPTION 

There are two contradictory views of the physiology of joint proprioception, early 

works claimed that proprioception was a result of stimulation of joint 

mechanoreceptors only, and that muscle receptors had little involvement (Boyd 

1953, Browne 1954, Glencross 1982, Provins 1958). Grigg (1973) worked 
towards a reversal of the joint mechanoreceptor theory, suggesting that some 

mechanism other than joint receptors was signalling position and velocity of 

movement and that this mechanism would be muscle spindles (Glencross 1981). 

in an unpublished paper, Graham (1973) concluded that previous evidence 
suggests that almost all proprioceptive information originates from receptors in 

the region of thejoint capsule. 

Previous research has highlighted the importance of feedback from capsular and 
ligamentous mechanoreceptors to the reflex stabilisation of the joint (Freeman 

1965), perception ofjoint position and movement (Wyke 1967), muscle activation 
(Stokes 1984) and the control of muscle spindle systems (Johansson 1991) 

influencing the stability of the joint. 

Freeman (1965) hypothesised that trauma to mechanoreceptors of the lateral 

ligaments can produce a proprioceptive deficit in the ankle. These investigations 

also hypothesised that the decrease in sensory input from these receptors may lead 

to faulty ankle joint positioning and could increase the probability of re-injury 

(Feuerbach 1994), resulting in partial deafferentation. of articular 

mechanoreceptors leading to chronic ankle instability (Freeman 1965). 

All authors come to the conclusion that beside the propnoceptive receptors of the 
joint capsule and ligaments, skin and muscle receptors give information about the 

position and movement of the joint (Jerosch 1995). The relation of the different 

receptors to the corresponding proprioceptive perception remains speculative 
because of the limited test conditions. Probably a complex interaction of several 

receptors is responsible for a precise proprioception of the ankle joint. 71bedeficit 

of joint receptors caused by trauma cannot completely be compensated by other 

proprioceptors or exteroceptors (Jerosch 1995). 
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Historically, ankle injury rehabilitation and prevention have focused on muscular 

strengthening while neglecting the most common cause of functional instabilities, 

proprioccptive deficits (DeCarlo 1986). In recent years, more emphasis has been 

placed on proprioceptive ankle disk training, designed to assist in re-educating the 

proprioceptive mechanism to minimise co-ordination problems (Freeman 1965, 

Gauffin 1988, Hoffman 1995, Tropp 1984,1988a). Proprioceptive deficits were 

originally quantitatively measured by Freeman (1965), using a modified Romberg 

test. This test was used to subjectively and objectively measure proprioception. 
In more recent studies, stabilometry has been adopted as a common means of 

objectively determining and detecting proprioccptive deficits and qualitatively 

measuring proprioception (DeCarlo 1986, Hoffman 1995, Tropp 1984). 

5.2.1 Literature Review of Investigative Measures of Ankle Joint 

Proprioception 

Kinesthesia (sensory modality of touch that encompasses the sensation of joint 

movement) and joint position sense are components of proprioception. 
Functionally, kinesthesia is assessed by measuring the threshold to detection of 

passive motion, while joint position sense is assessed by measuring reproduction 

of passive and active positioning. The evaluation of reflex capabilities is often 

assessed by measuring the latency of muscular activation to involuntary 

perturbations via electromyographic interpretation. Functional assessment of the 

combined peripheral, vestibular and visual contributions to neuromuscular control 
is best accomplished through the use of balance and postural sway measurements 

for the lower extremity (Lephart 1997). 

Diener (1984) examined the role of proprioception by ischaemic blocking of 

afferent fibres or regional anaesthesia and concluded that information from 

pressure and/or joint receptors in the foot plays an important role in postural 

stabilisation. Hertel (1996) induced anaesthesia of the lateral ankle joint and 

measured the effect on proprioception by assessing centre of balance and postural 

sway measurements. 71be findings suggest that inhibition of the joint afferent 
fibres adversely affects joint proprioception while subjects are weightbearing, but 

not while non-weightbearing, confirming the findings of Diener (1984) that 
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information from joint and pressure receptors of the foot has an important role in 

postural stabilisation. 

Other researchers also attempted to simulate joint deafferentation by injecting 

local anaesthetic into the ankle joint and also found that passive joint position 

sense decreases significantly following anaesthesia (DeCarlo 1986, Feuerbach 

1994, Konradsen 1993). 

Inferences regarding ankle joint proprioception from measurements of postural 

sway have been made by some investigators. These studies, in which attempts 

have been made to corroborate the hypothesis of Freeman (1965), have produced 

conflicting results (Feuerbach 1994). Freeman (1965) observed the amplitude of 

unilateral postural sway was greater when subjects attempted to balance on the 

injured ankle in comparison to the uninjured contralateral. ankle. Tropp (1984) 

reported no difference in unilateral sway amplitude between injured and uninjured 

subjects. Those studies that have shown that lateral ankle sprains do have an 

adverse effect on postural sway include Cornwall (1991), Garn (1988), Itay 

(1982), Lentell (1990) and Orteza (1992). 

Garn (1988) investigated the effect of unilateral ankle sprains on cortical pathway 

measures of proprioception by measuring the ability of a subject to properly sense 

a passive movement or no movement state in the sagittal plane and also reported 

balance deficits on the injured side compared with the uninjured side. Deficits in 

the ability to actively replicate passive ankle and foot positioning in the sagittal 

plane was reported by Glencross (1981) while testing the sprained ankle versus 

the contralateml uninjured ankle. 

Gross (1987a) reported that an increased probability of re-injury occurs as a result 

of a decrease in sensory input from joint receptors, leading to abnormal body 

positioning and diminished postuml reflex responses. 

In addition, the peroneal response to sudden inversion stress has been investigated 

by electromyography. This technique provides immediate feedback concerning 
the time to onset of the response of the peroneal muscles to an induced inversion 

stress. This is used as an indicator of the extent of proprioceptive function in the 

ankle joint and muscles (Nanvczenski 1985). It was also found by Konradsen 
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(1990) that chronic ankle instability resulted in a prolonged peroneal reaction time 
in response to sudden inversion stress when compared with age-matched controls, 

corroborated in studies by Brunt (1992), Karlsson (1992b). The study by 

Nawoczenski (1985) showed no statistical significance between injured and non- 
injured ankle peroneal response, though there was an indication of a trend in delay 

of motor response of the peroneals in the injured ankles. 

Indirect examination of proprioception through measurements of postural sway 
has not produced a consensus regarding the effect of ligament injury on ankle 

joint proprioception (Feuerbach 1994). Conflicting results have also been 

reported when investigations directly examined proprioception by measuring the 

ability of injured and uninjured subjects to match reference anklejoint positions in 

two dimensions (Feuerbach 1994). 

53 EFFECT OF INJURY ON PROPRIOCEPTTON 

Freeman (1966) proposed that the basic mechanism of ankle instability following 

joint injury develops due to the lesion of mechanoreceptors in the joint capsule 

and ligaments. Ilese receptors are stimulated both by the static position and by 

motion of the joint (Bullock-Saxton 1995). Freeman (1965) also suggested that 

the afferent nerve fibres in the capsule and ligaments of the foot and ankle sub- 

serve reflexes which help to stabilise the foot during locomotion and that a 

sprained ankle can be considered as a partial deafferentated joint. Bullock-Saxton 

(1995) suggested that the 'give-way' foot is a result of impaired reflex 

stabilisation of the foot. 

it is apparent that changes in the sensory input can cause alterations in muscle 

function. The likelihood that changes in sensory information contribute to 

damage or degeneration of ajoint has also been supported (Barrett 1991). When 

considering a sprained ankle, it is reasonable to assume that a complete rupture, or 

repeated ruptures of the talofibular ligaments would result in damage to the 

receptors in the ligament and capsule, and that such damage would be likely to 

influence the afferent input from that region (Schutte 1990). 

Postural stability in standing on one leg has been shown to be significantly 
decreased in untrained subjects following ankle sprain (Tropp 1984), implying 
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some loss of integrity of the sensory motor system (Bullock-Saxton 1995). The 

notion that signals from muscle spindle afferents are important in minimising the 

consequences of small internal disturbances would imply that postural instabilities 

should increase when inputs from spindle afferents are eliminated (Evarts 1981). 

Joint and muscle injury is associated with direct damage to the immediate tissue 

and atrophication due to the resultant immobility (Glencross 1981). 

Rehabilitation of the injury is associated with the recovery of 'normal' 
fimctioning inferred from the range of joint movement attainment of normal 

strength and full use. However, it is likely that subtle changes or differences still 

exist in the injured limb; in particular proprioception may be distorted due to the 

direct injury of sensory receptors and breakdown of servo-control system. The 

implications of such damage are important particularly in skilled performance, 

where proprioception. plays an important role in the control, organisation and the 

timing of actions (Glencross 1981). If healthy subjects can increase their 

proprioception, then the incidence of functional disabilities may decrease 

(Hoffman 1995). 

Acute adaptations to use have been shown to occur in both the muscle spindles 

and Golgi tendon organ pathways. This short-term activation adaptation increases 

the excitability of the motorneuron pool. Ile results of the relatively limited 

research on chronic adaptations of proprioceptors due to exercise has shown that 

on a micro-level, the intrafusal muscle fibres may show some metabolic changes 

but do not show hypertrophy (Hutton 1992). 

Lateral ligament injuries of the ankle may result in various degrees of mechanical 

instability (Brostrom 1965). A major ankle inversion injury causes damage not 

only to the lateral ligaments of the talocrural joint but also in varying degrees to 

the talocrural capsule, the capsule and ligaments of the subtalar joint, peroneal 

tendons and other supportive tissue of the lateral ankle (Brostrom 1965, Holmer 

1994, Konradsen 1998, Meyer 1988). Proprioceptive nerve endings in these 

structures will also be damaged by the acute trauma (Freeman 1967, Konradsen 

1998, Newton 1982, Wyke 1972). 
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Brand (1977) questioned the traditional view of ligaments as merely mechanical 
restraints and speculates that the neurosensory importance of the ligaments may 

approach that of their mechanical effect. Because voluntary movements initiated 

at the cerebral cortex may be too slow to prevent injury, it is speculated that short- 
loop or spinal reflexes may be capable of a more timely response. Triggering 
these protective spinal reflexes during an 'at-risk' manoeuvre may play an even 
greater role in joint stability than the voluntary response (Laskowski 1997). 

Joint receptors have an important role in protecting the integrity of joints if they 

are unstable (Grigg 1994), feedback from muscles, joints and associated tissues 
mediated by proprioceptive reflex systems is required to adjust the motor program 
to irregularities (Dietz 1992). Injury to a joint may cause direct or indirect 

alterations in sensory information provided by mechanoreceptors as they are 
located within joint capsules, ligaments and joint structures (Bullock-Saxton 1995, 

schutte 1990). Direct trauma may lead to ligament and capsule tearing, which 

may rupture the nerve fibres because they have less tensile strength than collagen. 
The consequent destruction of the messages to and from the joint receptors then 

causes deafferentation and proprioceptive loss (DeCarlo 1986, Freeman 1965, 

Laskowski 1997, Schutte 1990). It has been suggested that diminished sensory 
input from damaged articular mechanoreceptors at the ankle in turn may promote 
decreased motor control, leading to the clinical concern of functional instability 

(Lentell 1995). 

5.4 PROPRIOCEPTIVE TRAINING 

Central to the return of proprioception in ankle sprains is the integration of 
balancing and co-ordination exercises into the rehabilitation protocol. Freeman 

(1965) advocated early mobilisation and co-ordination training using balance 

board exercises, with a notable reduction in proprioceptive deficit. Tropp (1984) 

found a significant improvement in ability to balance on the injured ankle after a 

six week regimen of balance board exercises and Glencross (1981) summarised 
that rehabilitation was as much of a re-learning process as it was a physical 
recovery from sprain. Ile outcome of improved proprioception is to ameliorate 
the dynamic stability of the anklejoint and play a protective role. 
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Ihe principle behind proprioceptive training is the same as that for proprioceptive 

rehabilitation; to retrain altered afferent pathways to enhance the sensation of joint 

movement. Proprioceptively mediated neuromuscular control of joints takes into 

account the three distinct levels of motor activation within the central nervous 

system. Reflexes at the spinal level mediate movement patterns that are received 

from higher levels of the nervous system. This action provides for reflex joint 

stabilisation during conditions of abnormal stress about the articulation and has 

significant implications for rehabilitation (Kennedy 1982). The use of exercises 

that facilitate dynamic joint stabilisation may result in the improvement of this 

neuromuscular mechanism. 

The second level of motor control, located within the brain stem receives input 

from joint mechanoreceptors, vestibular centres and visual input from the eyes to 

maintain posture and balance of the body. Reactive neuromuscular activities that 

allow this pathway to process input from the afferent stimuli can be used to 

enhance brainstern function (Lephart 1997). 

'Me highest level of central nervous function provides cognitive awareness of 

body position and movement in which motor commands are initiated for 

voluntary movements. Use of the cortical pathway allows movements that are 

repeated and stored as central commands to be performed without continuous 

reference to consciousness. Proprioceptive training is the type of activity that can 

enhance this function. Encouraging maximum afferent discharge to the respective 

CNS level must be the goal in stimulating joint and muscle receptors. To 

stimulate reflex joint stabilisation, which emanates from the spinal cord, activities 

should focus on sudden alterations in joint positioning that necessitate reflex 

neuromuscular control. Enhancing motor function at the brainstern level can be 

achieved by performing balance and postural activities, both with and without 

visual input (Lephart 1997). 

Maintenance of functional joint stability of the ankle is suggested to be dependent 

upon dynamic neuromuscular control of excessive motion and would therefore, 

benefit from proprioceptive training techniques (Lephart 1998). Proprioceptive 

training in pre-season conditioning has been shown to be of benefit as a 
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preventative method (Payne 1997, Tomaszewski 1991) and a critical component 

of rehabilitation programs (Burton 1993, Payne 1997, Tropp 1985b). 

5.4.1 Literature Review of Effect of Proprioceptive Training on 
Proprioception 

Freeman (1965) reported that patients with ankle and foot sprains treated an 

average of five times with balance-board exercises had a significant reduction in 

proprioceptive deficits as evidenced by their standing ability on the injured leg 

improving (Garn 1988). Tropp (1985c) reported a significant improvement in 

subjects balance ability on the sprained ankle as measured by stabilometry, after a 

six-week regimen of balance-board exercises. Improved ankle stability with 
balance-board exercises may potentially be caused by increased muscle strength 

or improved co-ordination. 

Ibus, according to research proprioceptive training enables injured subjects to 

reduce propnoceptive deficits and increase postural control. However, the effects 

of proprioceptive training had not been researched in healthy subjects (Hoffinan 

1995), until the study by Hoffman (1995). It was found that proprioceptive 

training in healthy subjects leads to a significantly decreased postural sway in 

both medial-lateral and anterior-posterior directions (Hoffman 1995). The 

incorporation of ankle disk proprioceptive training in rehabilitation has been 

proven to decrease fimctional instabilities of the injured ankle (DeCarlo 1986, 

Gam 1988, SahIstrand 1978) and the incidence of re-injury (Tropp 1984). 

Iberefore it seems reasonable to hypothesise that proprioceptively training the 

uninjured ankle may lend itself towards preventing mJ*ury by increasing the 

proprioceptive potential of the ankle. 

5.5 PROPRIOCEPTIVE TAPING 

Whereas taping was once thought to stabilise the ankle mechanically, this now 

seems unlikely considering reports that show no measurable stabilising effect of 

tape after as little as 20 minutes of exercise (Perlman 1987). Accordingly, ankle 
taping is now thought to prevent ankle injury mainly through improving the user's 
judgement of position and orientation of the plantar surface with respect to the 
leg. This theory supposes that uniting the skin of the foot with the leg by ankle 

64 



AW. Faitliful Chapter 5 

taping provides cutaneous sensory cues of plantar surface position and orientation 
through traction of tape on skin. This information could be used in anticipation of 
foot contact with a surface; either to position the plantar surface before the 

support phase to attenuate forces causing inversion, or to command muscle 

support to sustain these forces, thereby preventing ligament loading, or both 

(Robbins 1995). There is support for the notion that traction of tape on the sldn 

of the leg and foot is used to judge foot position (Karlsson 1993, Robbins 1995). 

Due to the different fitting characteristics of taping techniques, a variable stimulus 

of cutaneous receptors may be responsible for modulation of neuromuscular 

activity (Scheuffelen 1993). 

5.5.1 Literature Review of Effect of Taping on Proprioception 

Ankle proprioception is widely regarded as an important factor that affects 

susceptibility to ankle sprains but the precise mechanisms by which 

proprioceptive abilities may enhance ankle stability are not well understood 

(Wilkerson 1994). 

Adhesive taping has been popular form of external support for a long time, 

however, recent studies have questioned the effectiveness of the taping over time 

with vigorous activity. Rarick (1962) found that 40% of the total support strength 

conferred by ankle taping was lost after 10 minutes of vigorous exercise. 

Myburgh (1984) reported no significant restriction of ankle motion after one hour 

of athletic activity with ankle taping. Although mechanical stability obtained by 

the taping may drop off quickly, the taping may continue to serve a role in 

proprioceptive feedback. 

Glick (1976) using electromyographic analysis of ninners, found that ankle taping 

all ed the peroneii muscle group to contract for a longer period of time at the 

pre-heel strike stage in four mechanically unstable ankles. From this it was 

concluded that tape stimulated the peroneal tendons without decreasing muscle 

tone, thus serving a dynamic action in addition to a mechanical one. 

Karlsson (1992b) used a trapdoor mechanism on twenty subjects with chronic 

ankle instability. Evaluation of mechanical stability with stress radiographs 
discovered little difference in anterior drawer or talar tilt, either with or without 
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taping. It was found that the Gibney basketweave technique significantly 
shortened the reaction time of the peroneii muscle group in the injured ankle, thus 
bringing it closer to times on the normal side. It was also noted that the more 
unstable the ankle, the greater the improvement. As well as the peroneii muscle 
group, deficits can be shown in tests for passive joint angle reproduction. This 

gives further insight into the complexity of functional instability of the ankle and 
the effect of external support. 

Proprioception has also been evaluated by postural sway and single leg balancing 

tests. Robbins (1995) evaluated the effect of taping on estimation of perceived 
direction and amplitude on a surface slope in full weight bearing. In contrast with 
Jerosch (1995), it was concluded that ankle taping did improve foot position 

awareness and so may have a role in the prevention of ankle sprain. 

Bennell (1994) reported that for healthy subjects, the use of tape had a 

significantly detrimental effect on proprioception measured by postural sway. In 

comparison, the use of elastic bandage had no significant effect Restriction of 

ankle movement was given as a possible explanation for the results, since postural 

control was impaired only by the ankle supports that limited ankle motion. 

Robbins (1995) reported that attaching a piece of tape from the foot to the leg 

provided sensory cues to foot position and so improved foot position awareness 

and countered underestimation of foot position angle caused by athletic footwear. 

However, this improvement was still found to be poor in comparison with foot 

position sense when barefoot (Robbins 1995), therefore suggesting that most 

ankle injuries are not inherent to sport, but rather are caused by footwear. This 

provides evidence of the potential usefulness of ankle taping to judge foot position 

and increase proprioception. 

Functional and proprioceptive capabilities of ankle joints of healthy subjects and 
those with unstable ankle joints have both been tested (Jerosch 1995). The 
influence on the ankle joint of taping during single leg stance, single leg jumping 

and angle reproduction tests was evaluated. Scores on the single leg-jumping 

course were better without any stabilising device. However, in the other two tests, 

scores with support were worse compared with the unsupported condition. 
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Differentiation of the results between injured and non-injured ankle joints shows 
higher improvement in the injured ankle joints with use of support. Positive 
influence was regarded as an effect of the additional proprioceptive and 
exteroceptive sensory perception (Jerosch 1995). The close contact of support to 
the skin probably gives an additional feedback regarding joint position (Jerosch 
1995). Both ankle taping and the wearing of orthoses have been demonstrated to 
significantly decrease the amount of medial4ateral. mobility of the ankle joint 

complex and diminish the incidence of repeated sprains (Alves 1992, Lentell 1995, 

Tropp 1985a, Vaes 1985). 

The neural mechanisms underlying biomechanical. function of ankle braces/taping 

however, have not been fully explained (Nishikawa 1996) and it is thought that 

ankle support applications may increase the afferent feedback from cutaneous 

receptors, which may in turn lead to an increased motorneuron excitability with 

external support, which may involve a motor control mechanism sub-serving their 

effectiveness (Nishikavx 1996). 

5.6 SYNOPSIS OF PROPRIOCEPTION 

E Proprioception is an awareness of posture, movement and changes in 

equilibrium, providing dynamic joint stability via muscular reflex 

encompassing static and dynamic position sense. 

N The perception and execution of musculoskeletal control and movement are 

mediated primarily by the CNS receiving input from the proprioceptive, 

vestibular and visual sensory subsystems. 

0 Cutaneous and joint receptors possess the potential to restore loss of afferent 

proprioceptive input through stimulation. 

a Functional assessment of the combined peripheral, vestibular and visual 

contributions to neuromuscular control is accomplished through balance and 

postural sway measurements of the lower extremity. 

w Changes in sensory input from mechanoreceptors due to injury can cause 
alterations in muscle function and hence proprioception, loss. 
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Proprioception. deficits may be rectified by balance and co-ordination 

exercises, retraining the afferent pathways to enhance the sensation of 

movement and neuromuscular control of the joint. 

a Taping may provide a variable stimulus to cutaneous receptors responsible for 

the modulation of neuromuscular activity. 
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CHAPTER 6: MEASUREMENT OF PROPRIOCEPTION BY 

POSTURAL STABILITY AND ELECTROMYOGRAPHY 

The previous chapter discussed what proprioception and the effect of M*jUrY and 
support/training methods on proprioception mean. This chapter follows on to 
discuss the measurement of proprioception of the ankle by investigations into 

postural stability and electromyography. 

6.1 POSTURAL STABIILM 

ProPrioception is a distinct component of balance (Mattacold 1997). It is the 

ultimate neural input to the CNS from the mechanoreceptors in the joint capsules, 
ligaments, muscle tendons and sIdn. When these structures are subjected to 

mechanical deformities, action potentials are conducted to the CNS where the 
information can influence muscular response and position sense (Mattacold 

1997). The integration of afferent neural input to the CNS contributes to the 

body's ability to maintain postural stability (Mattacold 1997). 

Although a seemingly simple task, maintaining equilibrium or balance while 

standing upright is an important motor skill. Balance is a complex process 
involving co-ordination of multiple sensory motor and biomechanical components 

(Guskiedcz 1996a). The body of an apparently motionless, standing individual 

undergoes continuous automatic postural sway of which the person is unaware 
(Irrgang 1994, Nashner 1976), attempting to keep the centre of gravity over the 

base of support. These motions occur as both anterior-posterior and left-right 

oscillations, that is, in the sagittal and frontal planes. These compensatory 

movements of the centre of gravity ensure the maintenance of posture through the 

complex mechanisms of the central nervous system (Berg 1989). 

Several strategies are used to maintain balance, including ankle, hip and stepping 

strategies. These strategies adjust the body's centre of gravity so that the body is 

maintained within the base of support to prevent loss of balance or falling 

(Irrgang 1994). The centre of gravity refers to a point in the body at which the 

total force of gravity is considered to act and that is projected vertically onto the 

support surface (Nichols 1995). Balance may be disturbed when its centre cannot 
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be properly sensed or when corrective movements are not executed in a smooth 
and co-ordinated fashion (Bernier 1998). Motions at the ankle can compensate 
small disturbances in the centre of gravity. Anterior sway is counteracted by 

gastrocsoleus activity, which pulls the body posteriorly. Conversely, posterior 
sway of the body is counteracted by contraction of the anterior tibialis muscle 
(Irrgang 1994). 

The three balance senses (vestibular, proprioceptive and visual) work in 

combination and are all critical to the execution of co-ordinated postural 
corrections. Impairment of one component is usually compensated for by the 
other two (Bernier 1998). Sensory organisation is a process by which all three 
senses receive input and a determination is made whether any of the input is 

misleading. 

Ile postural control system operates as a feedback system with the musculature 
of the legs, feet and trunk using this feedback to allow the individual to stand erect 

against the forces of gravity (Gusklenicz 1996a, Guyton 1986, Jansen 1982). 
Feedback obtained from the visual, proprioceptive and vestibular sensors relay 

commands to the muscles of the extremities, which then generate appropriate 

contraction to maintain postural stability (Guyton 1986, Nashner 1993). Sports 

participation requires high-level postural control as volitional movements and 

external perturbations continually threaten the stability of the body during high- 

speed activities (Bennell 1994). 

Mechanoreceptors provide information to the three movement systems (reflex, 

automatic and voluntary) which aid the regulation of balance. The myotatic 

stretch mechanism is the first mechanism to ream An externally imposed rotation 

or increased load to the joint triggers muscle spindles to increase activity in the 

muscle and improve muscle stiffness properties. The second system, which is the 
first effective response to control balance, comes from the automatic systems. 
They too are triggered by external perturbations. The third system involved in 
balance control is the voluntary system. Voluntary and automatic responses are 
often used in conjunction with each other, with automatic responses occuffing 
fIrsto followed by voluntary purposeful behaviours (Nashner 1981). 
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Various methods exist to measure postural stability encompassing functional 

balance tests using tilt-boards, one-footed balance and stepping tests. These tests 

can be evaluated solely by the clinician or using a variety of machines on the 

market. Machines such as the Chattecx Balance System (Chattecx Corporation), 

the Equitest (Neurocom International) and the Biodex Stability System (Biodex, 

Medical Systems) evaluate static and dynamic balance using force plate 

stabilometry to measure body sway and centre of force elements of postural 
stability to enable definition of proprioceptive status and ability. 

6.1.1 Measuring the Relationship between Postural Stability and 
Proptioception 

Development of high technologic systems to assess the effects of musculoskeletal 
injury on balance has occurred in an attempt to quantify both static and dynamic 

components of proprioception (Guskievqcz 1996b). The method of evaluation is 

based on the notion that damage to joint proprioceptors after injury to the lateral 

ligamentous complex of the ankle diminish s afferent feedback from the injured 

joint, thereby resulting in increases in postural sway (Freeman 1965). 

Tropp (1985c), when comparing a group of football players with previous ankle 

sprains to a control group of umnJured football players observed no increase in 

postural sway. Furthermore, no differences in postural sway were found between 

the involved and uninvolved ankles in a group of football players with a history of 

unilateral, recurrent ankle sprains (Tropp 1985c). However, significant increases 

in postural sway were observed by Cornwall (1991) when comparing patients 

with acute ankle sprains with uninjured controls as long as two years after their 

injunes. w 

6.1.2 Proprioceptive Training and Postuml Stability 

Empffical evidence exists suggesting that proprioceptive training techniques after 

acute and chronic ankle injuries are highly effective (Lephart 1997). It has been 

demonstrated that balance training enhances the ability to maintain upright 

standing posture in individuals with a previous history of ankle sprains (Ro=i 

1996). It was also found that improvements in balance performance following a 
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four-week training period appeared to be greater in individuals with previously 

reported ankle sprains as compared with untinjured, participants (Ro=i 1996). 

One way of measuring the effect of proprioceptive training on proprioception is to 
investigate the outcome on postural stability. 

6.1.2.1 Literature Review of the Effect of Proprioceptive Training by 

Postural Stabifity Measurement 

Few investigations into the etTect of proprioceptive mining on postural stability 
have been made. Of those in the literature, the length of training varies between 

six and twenty-four weeks though Tropp (1988a) found that no further effects on 

postural control were seen after ten weeks of proprioceptive Waining. 

The method of proprioceptive training of the ankle joint in all cases was by a 

wobble-board and, in the investigations by Mattacola (1997) and Balogun 

(1992) also incorporated strengdi training. 

In all studies, an increase in balance performance as evidenced by a decrease in 

postural sway was found (Balogun 1992, Bernier 1998, Gauffin 1988, Hoffman 

1995, Mattacola 1997, Tropp 1988a). Balogun (1992) suggested that the 
increase in balance performance obtained using healthy subjects may be 

associated with improved joint mechanoreceptor functioning and that the 

wobble-board motion may stimulate the mechanoreceptor feedback mechanisms. 

Despite these investigations, still remaining unan ; wered is the question of 

whether proprioceptive trai i influences injury incidence and whether the InIng 
decreases in postural sway are due partially or solely to motor learning or to a 

physiological bmining effect. 

6.1.3 Extemal SuRlRort and Postural Stability 

Ankle taping and bracing has been suggested to have a proprioceptive benefit 

(Lephart 1997). The theoretical rationale is that potentially injurious ankle 
inversion can be reduced by the use of an ankle support to enhance the 

neuromuscular response (Loos 1984). Some evidence suggests that tape and 
braces are effective in fulfilling the desired goal of reducing incidence of ankle 
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injury (Ganick 1973, Rovere 1988, Tropp 1985b) by either mechanical restriction 

or proptioceptive mechanisms or a combination of both. 

6AA Literature Review of the Effect of Ankle Support on Postural Stability 

Varieties of methodologies have been used to evaluate the effect of anIde support 

on postural control (Friden 1989, Hamer 1992, Thompson 1984, Tropp 1984). 

Most studies evaluate single-leg stance, although one study by Calmels (1991) 

tested subjects in the less challenging task of two-legged stance. 

Measurement techniques have included the use of a force-platforra (Friden 1989, 

Tropp 1984), statoldnesimeter (Calmels 1991), instrumented wobble-board 
(Hamer 1992), digital balance evaluator (Thompson 1984) and visual observations 
(Thompson 1984). 

Thompson (1984) reported ankle supports to have a detrimental effect on postural 

control, whereas Ffiden (1989) reported a positive effect. Other studies failed to 

find any significant effect of ankle support on postural control (Calmels 1991P 

Hamer 1992, Tropp 1984). 

it is apparent that conflicts exist in the literature with regard to the effects of ankle 

support on postural control. These conflicting results may reflect differences in 

research design with the various methods chosen to assess postural steadiness 

(Bennell 1994), sampling differences of both normal and ankle injured subjects, 

the use of a variety of ankle supports, including various taping techniques and 

differences in testing protocols such as the addition of eye closure to the balance 

test and length of the balance trial. 

Mechanical restriction of ankle joint motion, especially that of plantar flexion and 

inversion varies widely, depending on the type of support (Bunch 1985, Greene 

1990b, Gross 1987b). Thereforc, any difference in anlde support effects on 

postural control may reflect variations in the restrictive properties of such 

supports (Bennell 1994). The mediolateral axis corresponds to the direction in 

which inversion loading of the ankle lateral ligaments occur and therefore, the 

axis in which anlde supports aim to restrict motion (Bunch 1985, Greene 1990b, 

Gross 1987b). 
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it appears that many supports limit not only the extremes of movement where 
ligament damage occurs, but also the motion necessary for normal function. This 

may lead to alteration in normal movement strategies and subsequent deterioration 
in skill level (Burks 1991, Juvenal 1972, Mayhew 1972, Robinson 1986). 

By exammimig the components of postural control, the finding that restrictive 
ankle supports impair postural control can be explained. In a simplified form, the 

postural control system consists of three levels: the input central processing and 
the output. The three sensory systems (visual, vestibular and proprioceptive) 
provide input to the central nervous system. At the central level, the afferent 
information is processed to enable organisation of appropriate motor responses. 
Cognitive input at the central processing level forms part of the feed-forward 

system. This system enables body adjustments to occur prior to movement in 

anticipation of equilibrium changes (Patla 1990). The output of the system 
consists of Postural movements necessary for stabilising upright stance. 

The use of ankle support could feasibly influence the postural control system at 
the input or output level, leading to impaired functioning of the overall system and 

resulting in a measurable impairment in postural control. At the input level, ankle 

support may alter the nature or amount of proprioceptive input to the central 

nervous system. Proprioceptive input from the ankle is received from various 

receptors, including muscle spindles, Golgi tendon organs and joint and cutaneous 

receptors (Proske 1988). In the task of upright stance, this provides important 

information about the position of the body in relation to the support surface 
(Nashner 1976). 

As well as affecting the input of the postural control system, restriction of ankle 

movement by ankle supports may also affect the output level of the system. The 

task of controlling posture in upright stance requires the output response of co- 

ordinated muscular activity across several joints. It has been proposed that this 

response occurs by specific spatial-temporal muscle activation patterns or 

strategies (Duncan 1990, Horak 1990, Nashner 1977). Ibe most common 

response to subtle perturbations involves an ankle strategy (Horak 1990). In this 

strategy, moving the body primarily around the ankle joint restores equilibrium. 
Muscle activity begins in the ankle joint musculature and radiates proximally in 
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sequence (Nashner 1977). By limifing ankle joint movement, the brace or tape 

may physically prevent a normal ankle strategy from being used and so the 

subject would then be forced to adopt an abnormal strategy in order to maintain 
balance, resulting in decreased postural control (Bennell 1994). 

An explanation for the perceived detrimental effect of external supports on 
postural control in some reports is that important proprioceptive input normally 
induced by ankle motion is decreased as a result of the restrictive ankle support. 
By using electromyography and body sway measures, studies have confirmed the 
importance of ankle movement in providing proprioceptive information necessary 
for influencing rapid corrective responses (Nashner 1976,1983, Shumway-cook 
1986). Another,. though less likely theory, is that inaccurate, conflicting or 

overwhelming stimulation of the cutaneous receptors may be a factor responsible 
for a detrimental effect (Watson 1987). Underlying this suggestion is the 

assumption that cutaneous input is important for the stabilisation of upright 

posture. However, the relative contribution of cutaneous input to the postural 

control system is not clear (Bennell 1994). It is generally believed that 
information from the muscle spindles and Golgi tendon organs play an important 

role in postural control, whereas that from cutaneous receptors is of minor 
importance (Diener 1984, Horak 1990, Maufitz 1980). This implies that postural 

control would not be greatly impaired by any change in cutaneous input resulting 
from ankle support. Conversely, other researchers have concluded that cutaneous 

input does have an important role in assuring that postural movements are 

appropriate for the current biomechanical constraints of the surface or foot (Horak 

1990). Even if cutaneous input is important for postural control, it is still not clear 

how this might explain the differential effects of different supports (Bennell 

1994). 

6.1.4.1 Literature Review of the Effect of Tape on Postural Stability 

Ile effect of tape on postural control in both normal and mijured ankles has been 
investigated (Hamer 1992, Thompson 1984, Trvpp 1984). Yhompson (1984), 

using a modified Romberg Test to assess static balance, observed that tape 

adversely affected postural control in football players in the eyes closed condition. 
This result indicates that taping may have a detrimental effect when postural 
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control is enged to a greater extent by closing the eyes in a one-legged stance. 
When the eyes are open, visual input may be able to adequately compensate for 

any detrimental effects due to tape. 

Other studies have failed to find that tape significantly altered postural control. 
Tropp (1984) tested football players with functional ankle instability as they 
balanced on a wobble-board with and without taped ankles - eyes open. A force 

platform was used to measure centre, of pressure in the frontal and sagittal planes. 
No significant difference was found between taped and untaped ankle conditions, 
although there was a trend towards improvement when tape was applied. 

Hamer (1992) tested subjects with an instrumented wobble-board and postural 

control was assessed by measuring the time in contact, the number of contacts and 

average time in contact that the wobble-board made with a metal base plate. It 

was determined that ankle taping had no significant effect on postural steadiness 
before, during or after fifteen minutes of exercise. Similarly, Thompson (1984) 

reported that when a digital balance evaluator was used to assess dynamic 

balance, tape had no significant effect on postural control, contrasting with the 

negative effect of tape observed when static balance was tested. 

FroM these studies, it appears that ankle tape has no effect on postural control 

when eyes are open (Hamer 1992, Tropp 1984). However,, when postural control 
is challenged in one-legged stance with the eyes closed, some evidence is 

available to show that tape has a detrimental effect (Thompson 1984). 

6.1.4.2 Literature Review of the Effect of a Brace on Postural Stabili! j 

Friden (1989) used stabilometry to measure postural equilibrium control in the 

frontal plane during single leg stance for healthy controls and subjects with 

unilateral ankle injury, both with and without an ankle brace. When the brace was i* 

used, none of the parameters showed any significant difference compared with the 

injured leg; however, body sway allowed discrimination between injured and 

uninjured legs. 

Kinzey (1997) reported on subjects with no history of ankle injuries wearing ankle 
braces. It was expected that weanng a brace would improve proprioccption, 
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which would be evident as a decrease in the movement of centre of pressure. The 

reported results were that wearing a brace caused the subject's average centre of 

pressure to increase in both the anterior and lateral directions, without increasing 

the total path travelled. The authors gave three reasons to provide explanation of 
these seemingly adverse effects. The first being that the braces force the subject's 

ankle into a dorsiflexed and everted position, resulting in the subjects feeling that 

they are falling forward and, so to keep from falling, the invertors and plantar 
flexors contract concentrically, causing the centre of pressure to travel more 

anteriorly and laterally (Kinzey 1997). This concentric contraction is met with the 

resistance of the brace and therefore, the subject never overcorrects and is 

constantly fighting the feeling of falling forward by contracting the invertors and 

plantar flexors. 

Secondly, the ankle braces force the subject into a position that requires the large 

plantar flexors and assisting invertors, to control the position via eccentric 

contractions. This explanation contradicts the first because the subject is 

comfortable in the new position and uses eccentric muscle contractions to control 

the centre of pressure movement. 

The third explanation is that the brace provides a strong mechanical restriction 

that causes the subject to change the strategy used to control posture. Normal 

adults prefer to control posture using the muscles that cross the ankle joint (Horak 

1987). This ankle strategy allows subjects to respond to most low-level postural 

disturbances without much centre, of pressure displacement. However, if rapid 

changes in the centre of pressure displacement are necessary, movement at the hip 

is often used. Ibe hip strategy flexes the trunk to control posture and the resulting 

position of the centre of pressure is more anterior. 

Bennell (1994) concluded that ankle bracing adversely affects the postural control 

of normal subjects. This may be true when the sensory systems (proprioceptive, 

visual and vestibular) controlling posture are affected by the ankle brace alone. 
During test conditions that conftise or eliminate the visual or proprioceptive 
inputs, ankle bracing was not found to affect postural stability. This Wing 

suggests that the adverse effect on postural control attributed to ankle bracing is 
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not strong enough to alter the integration of the systems controlling posture when 
the conditions are abnormal. 

6.1.5 Synopsis of Postural Stability 

Studies by Byl (1991) and Murrell (1991) have shown that postuml sway is 

inversely proportional to stationary balance, where stationary balance represents 
the centre of gravity over the base of support when the body is not moving. 
Balance measuring systems have been used clinically to measure postural sway in 

the elderly (Lord 1991, Patta 1990), patients with low back dysfimction (Byl 

1991), athletes (Tropp 1984) and patients with neurological disorders (Daley 

1983, DlFablo 1991). 

Proprioception is one of three senses critical to the execution of co-ordinated 

postural corrections or postural stability. Feedback from these proprioceptive, 

visual and vestibular senses, relays commands to the muscles to generate 

appropriate contraction to maintain balance. Thus one way of examining whether 

external factors have an effect on proprioception, is to measure the outcome of 

their influence on postural stability. 

It is still not known whether the change in balance ability seen during 

bracing/taping is due to a change in muscle activity about the ankle joint, or the 

mechanical properties of the external support. Along with this, there is interest in 

the notion that proprioceptive balance training will enhance the ability to maintain 

upright standing posture and consequently improve proprioception. - 

This therefore warrants investigation into the outcome of both taping and 

propnoceptive trammg of the ankle on postural stability as a measure of 

proprioception. It also sanctions investigation into the muscular response of the 

ankle to taping and mining in an effort to explore their proprioceptive effects and 

the connotations that this may have in the decision to use prophylactic support. 
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6.2 ELECTROMYOGRAPHY (EMG) 

Chapter 6 

Electromyography is a technique for recording the changes in potential of skeletal 
muscle that occur when it is triggered by a motor nerve to contract and as such, is 
the only method of objectively measuring when a muscle is active (Basmajidn 
1985). 

Muscle activity is essentially composed of depolarisation and repolarisation of the 

surface membrane of the muscle fibre. I'he cellular unit of contraction is the 
muscle fibre, but it is the sarcolemma or fibre membrane that is responsible for 

the transmission of an impulse to the interior of the fibre where the actual 
response of the contractile mechanism occurs. Ihe point at which a terminal 

ending of a nerve fibre ends on the muscle fibre is situated on the sarcolemma and 
the ionic flow between the nerve ending and the sarcolemma initiates 
depolarisation (Clarys 1993). 

The muscle cells are arranged in muscle fibres that connect to tendons at opposite 

ends of the muscles. Small groups of fibres contract at the same time because the 

terminal branches of the same axon supply them. A nerve cell body, its axon and 
terminal branches constitute a motor unit (Clarys 1993). An impulse descending 

the nerve axon will activate all muscle fibres innervated by the same axon, almost 

simultaneously. When depolarisation of a muscle fibre occurs, it propagates in 

both directions along the fibre and, accompanied by a movement of ions, 

generates an electrical field in the vicinity of the muscle fibres. Ibe EMG signal 
indicates motor unit activation; the electrical signal propagating from a single 

motor unit is in the form of a train of individual spikes (DeLuca 1979). 

The detected waveform resulting from this event is a muscle fibre action potential 
(MAP). The spatio-temporal summation of the MAPs from all of the fibres of a 

given motor unit is a motor unit action potential WAP) and a repetitive 
sequence of MUAPs is a MUAP train (Basmajian 1985). Ihe EMG signal 

recorded is a modified version of this physiological signal. 

The spatio-temporal nature of the EMO is illustrated by the manner in which 
muscle force is modulated in normal motor activities. An increase in the force 

generated by a muscle is produced by a combination of two mechanisms (1) an 
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increase in the discharge frequency or a firing of each neuron and (2) an increase 

in the number or active motor units (Hillstrom 1995). The first mechanism 

represents a temporal recruitment and hence muscle action potentials are 

generated at faster and faster rates. The latter describes a spatial recruitment as 
increasingly more motor units contribute to the contraction. The recruitment 

scheme employed to modulate force appears to vary from muscle to muscle, 

though in general, smaller muscles appear to rely primarily on firing rate and 
larger muscles rely primarily on motor unit recruitment to modulate force 

(Hillstrom 1995). 

EMG allows the study of changes in muscular activity during skill acquisition as a 

result of training or additions to the 'natural' form of the body, such as different 

footwear or orthoses. EMG enables the assessment of the sequential and temporal 

order of muscle activation and provides an objective method of validating any 

assumptions made in modelling the dynamics of the human musculo-skeletal 

system. 

6.2.1 Surface Electromyography 

FroM the surface, the EMG signal is detected with a pair of electrodes separated 

from the skin by an electrolyte that has a homogeneous dispersion of cations and 

anions. In this way, the metallic electrodes may sense the changing distribution of 

charges occurring about the muscle fibres. 

The surface electrode recording produces a signal representative of the overall 

electrical manifestation of the contracting muscle and is the grand average of the 

underlying electrical activity. 

62.1.1 Electrodes 

The electrode is the first link in the recording chain and whilst indwelling 

electrodes are essential for the study of deep muscles and for isolating small 

numbers of motor units, surface electrodes are ideal for measurement of activity 
in superficial muscles along with being safer, easier to use and more acceptable to 

the subject (Gdeve 1975). 
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6.2.1.2 Electrode Placement 

A common earth and two detector electrodes are used for each muscle. Two 
detector electrodes are necessary because otherwise the EMG signal would be 

swamped by mains hum. When using surface electrodes, the sldn resistance 
should be reduced as much as possible. This is done by first shaving the area and 
then thoroughly cleansing and degreasing it using a clean tissue moistened with 
acetone. 

The two detector electrodes should lie over the visual midpoint of the contracted 
muscle, with the orientation of the electrode pair being on a line parallel to the 
direction of muscle contraction (Zipp 1982), then each electrode will essentially 
see the same voltage at the same time (Hillstrom 1995). 

The passive surface electrode is the most common type of electrode used and 

usually comprises of a disk of silver/silver-chloride, up to I cm in diameter used in 

combination with chloride containing conducting gels, as these electrodes are 

good for low polarisation voltages. The surface electrode provides a general 

representation of muscle activity, although cross-talk may occur, which is when 

signals from muscles other than those being investigated are recorded at the 

electrode site through volume contraction (Hillstrom 1995). Inter-electrode 

spacing of lcm, is used for surface electrodes, as this spacing is compatible with 

the architecture of most muscles in the human body (Hillstrom 1995). 

The electrode/electrolyte interface acts as a high pass fdter discarding some of the 

lower frequencies. Ihe bipolar configuration changes the biphasic nature of the 

depolaxisation/repolarisation wave to a triphasic one (Winter 1979) and acts as a 
band-pass filter by removing some low and some high frequency content 

6.2.1.3 EMG Amplifiers and Cables 

Amplifiers provide linear amplification of the EMG signal recorded at the 

electrodes. ne frequency response of the amplifier is determined by the 
frequencies of the EMG signal. Typical values of bandwidth for surface 
electrodes are 10 Hz to 1000 Hz, with most of the signal in the range 20 Hz to 200 
Hz, which also contains mains hum at 50 Hz. 
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The amplifier gain, which is the ratio of output voltage to input voltage, should 
ideally be variable in the range of 100 to 10000 to suit the recording device. Ihe 
input signal will ordinarily be in the range of 0.1 mV (for a single MAP) to 5mV 
(Winter 1979). 

The importance of skin resistance can be minimised, by using an amplifier with 
high input impedance (at least 100 times the skin resistance). 

The use of a single electrode would result in the generation of a biphasic 

repolarisation wave, which would also contain common mode mains hum at 
approximately 100mV. By recording the difference in potential between two 

electrodes, the hum is largely eliminated and the wave becomes triphasic in 

nature. The smaller the electrode spacing, the more closely the triphasic wave 
approximates to a time derivative of the single electrode wave. The use of a 
differential amplifier (battery powered) enables hum to be removed as it is picked 

up commonly at each electrode because of the body acting as an aerial. In 

practice, perfect elimination is not possible and the preferable Common Mode 

Rejection Ratio (CMRR) is 8OdB or more. 

Cables can cause problems known as movement artifacts with frequencies up to 

10 Hz. The use of high-pass ffitering and high quality shielded cables along with 
careful taping of the cables to reduce their movement can minimise these. 

6.2.2 EMG and Muscle Tension 

As a muscle's tension is regulated by varying the number and firing rate of the 

active fibres, and as the amplitude of the EMG signal depends on the same two 

fiinctions, it is reasonable to speculate that a relationship does exist between 

muscle tension and EMG (Dduca 1990). Assuming this is the case, assessment 

of proprioception via EMG is deemed to be a rational supposition as stimulation 

of mechanoreceptors causes alteration in muscle function and variation in muscle 

tension as a consequence of a change in the number and firing rate of active fibres 
in the muscle directly affecting EMG output 
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6.23 Literature Review of EMG Megsurement of ProiDriocention 

Increasing research has been directed at electromyography (EMG) of ankle 

musculature in reflex stabilisation responses to postural sway (a component of 

proprioception) in the frontal coronal and sagittal planes (Sammarco 1995). Diet 

(1982) demonstrated the role of spinal stretch reflexes in equilibrium by 

measuring EMG responses of the anterior tibial tendon when individuals were 

subjected to an anterior sway on a balance board. They noted co-ordinated right 
to left leg muscle activation at a spinal level to provide a symmetric leg muscle 
EMG during balancing. 

DIFabio (1991) contradicted prior findings that muscle patterns were pre- 

programmed and centrally driven. Subjects were tested using a forward body 

sway test and a hand-held response keypad to signal the onset of postural 
disturbance. EMG measurements were simultaneously obtained from the 

gastrocnemius muscle. The authors felt that surface orientation information 

obtained from the ankle contributed to an 'online' correction of a wide range of 

postural disturbances. They proposed that balance was an automatic 

neuromuscular response of proprioception that was peripherally driven and 

occurred on a subconscious level. 

Not all studies have coffelated a latency of peroneal muscle activity with 

propr oceptive deficits in injured ankles. Isakov (1986) found no significant 

difference in peroneal EMG activity with sudden inversion displacement in either 

previously sprained or unsprained ankles. Ile authors concluded that contraction 

of peroneal musculature was due to an arc stretch reflex and played no role in 

ankle joint protection; mechanical damage was felt to occur before recruitment 

This notion was supported by Nawoczensk! (1985), who noted a trend in delay of 

peroneus longus motor response that was not statistically significant when 

compared with that in uninjured ankles using an inversion stress test. 

6.2.3.1 Literature Review of the Effect of External Suppo# on EMG 

Measurement of Proprioception 

Spn*gings (1981) undertook an investigation into the effectiveness of external 

supports in influencing the role of a primary everter during the application of an 
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ankle inverting torque by EMG analysis of the peroneus longus. Subjects 

performed a backward step-down movement, during which a trapdoor in the lower 

platform collapsed to form a potential ankle-inverting angle of 30'. It was 
concluded that preventive ankle strapping had no statistically significant effect on 
the tension developed in the peroneus longus during a quick inversion of the ankle 
joint. Also concluded was that external support did not take the place of muscle 
activity in the peroneus longas during the ankle inverting step. Iherefore, taping 
did not prevent the ankle everters from being exercised during an activity. Felton 
(1981) also found that preventive ankle taping had no statistically significant 
effect on the tension developed in the peroneus longus muscle during a quick 
inversion of the ankle joint and thus no proprioceptive effect. 

Karlsson (1992b) examined the effect of ankle taping on reaction time of the 

peroneus muscles by electromyography after a simulated ankle sprain on a tilting 
trapdoor. The study was undertaken on both ankles of athletes with unilateral 
ankle instability and found that the reaction time was significantly slower in the 

unstable ankle than in the stable contralateral ankle. With tape, the reaction time 

was significantly shortened in the unstable ankle and the greatest improvement in 

reaction time was achieved in ankles with the highest degree of mechanical 
instability. The study concluded that the tape has an effect on the proprioceptive 
function of the ankle as evidenced by the reduction in reaction time of the 

peroneal muscles during inversion torque, with tape. 

6.2.3.2 Literature Review of the Effect of ProprioceptiveTraining on EMG 

Measurement of Proprioception 

in the literature to date, there does not appear to be any investigation into the 

effect of proprioceptive training on proprioception as measured by EMG. 

However, a study by Soderberg (1991) investigated the magnitude and temporal 
features of tibialis anterior, peroneus longus and gastrocnemius muscle activity 
during exercises performed on a Biomechanical Ankle Platform System (BAPS) 
board by subjects with normal and chronically sprained ankles. 

Ile study establishes that both the magnitude and duration of response do not 
differ when healthy subjects are compared with subjects with chronically sprained 
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ankles, and concludes that therapists could use this information to exercise 
patients in certain ranges of movement on the balance board to instigate higher 
levels of activity in certain muscles. 

With this conclusion in mind, it would appear to be useful to use 
electromyography to investigate the effect of proprioceptive training on postural 
stability as a measure of proprioception, to clarify whether the proprioceptive 
mining of healthy ankles does result in higher levels of activity in the muscles of 
the lower leg. 

6.2.4 Electromyognphy Summary 

Electromyography is a technique used for measuring muscle activity and 

appraising changes in that activity. There is debate concerning the use of EMG in 

the assessment of proprioception since stimulation of mechanoreceptors causes 

alteration in muscle function and variation in muscle tension. This consequently 

results in a change in the number and fizing rate of active fibres in the muscle, 

which is depicted in the EMG output. 
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CHAPTER 7: PROCEDURES AND EQUIPMENT 

This chapter explains and qualifies the use of equipment and various procedures 

throughout the study. 

7.1 OVERVIEW OF STUDY 

71be research study is concerned with the idea of proprioception and prevention, 

foremost, the prevention of ankle injury in football, by either taping or 

proprioceptively training the ankle. 

Over the course of a season in footbaH, a variety of injuries are sustained, 

predommantly in the lower limb (Ekstrand 1983b). Therefore, prevention of 

injury is an important topic for research. The consequences of injury in football 

are, among others, a loss of team continuity in a game and time lost to both the 

player and the club with regard to rehabilitation and training, which may also have 

ftu-ther consequences. Thus, there is a need to reduce the incidence of injury, 

especially widiin the professional game. 

To establish a background for the research and confirm previous reports on 

football injuries, a survey of injuries occurring at a professional football club over 

two seasons was undertaken. 'Me results from this first part of the study will 

provide a basis for investigating the influence of taping and proprioceptive 

training on ankle proprioception and thus determine an effect of their possible use 

in prophylaxis. 

Aa 
.. the literature hi&fights ankle sprains as the most common injury to occur in 

football (Schmidt-Olsen 1991, Sullivan 1980), increasing attention has been 

focused on protection of the ankle during participation. Despite the widespread 

use of tape in this capacity, few studies have been concerned with the effect on 

athletic performance as a prophylactic device. Of those studies that have 

evaluated the effectiveness of tape under various experimental conditions, a 

consensus of opinion has not been reached regarding whether or not taping affects 

athletic performance significantly. It is however generally agreed that tape 

loosens with exercise (Beynnon 1991, Fumich 1991, Greene 1990a). With tape 
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loosening, comes a concomitant decrease in mechanical restriction, which raises 
the question of a possible proprioceptive effect of tape. If taping is proved to have 

a beneficial proprioceptive effect at the ankle when used for prophylaxis, this may 

also suggest that proprioceptive training would influence ankle proprioception in 

healthy subjects and thus be a useful tool in prevention of injury. 

if there is a possibility of using either means to prevent injury, their effect upon 

performance should be investigated to rule out any negative effects that they may 
have and the actual proprioceptive influence of both taping and proprioceptive 

trammg must be examined to enable clarification for their best use. 

7.2 PROCEDURE FOR INJURY DATABASE 

A survey of injuries was conducted over the 1996-1997 and 1997-1998 football 

seasons at a second division club in the National Football League investigating 

injuries incurred by both professional and youth players. The results were then 

compiled into an injury database from which important facts and trends could be 

determined. 

The survey took the form of a questionnaire, which was filled in by the 

physiotherapist at the football club when he was presented with an injured player 

that fitted the aiterion for inclusion. 

For the 1996-1997 season, for an injury to be included in the survey it had to have 

occurred either during training or a match and result in absence from training or a 

match. For the 1997-1998 season, in addition to the fore mentioned definition, 

inclusion also required a minimum of three days treatment. The reason for this 

was to highlight the impact of more severe injuries. The same questionnaire was 

used in both seasons, but as it was filled in post-injury rehabilitation, some 

information was unobtainable. 

The injury questionnaire (Appendix Al) took the form of tick boxes to enable fast 

completion and consistency of results. Included in the information requested was 

the team the injured player was playing for or training with at the time of injury, 

their playing position and whether they were injured during a match or in training. 

This enabled the information to be segregated into First/Reserve team and Youth 
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team, so that injury incidences at the two levels of play could be investigated as 
well as highlighting injuries incurred by players at different positions. The 

questionnaire also asked for the type and location of injury to the player, the 
activity of the player at time of injury as well as external factors such as the day, 

month and weather conditions. The information obtained was used to compile 
injury incidence information and highlight any trends in incurred injuries. 

Once the questionnaires had been completed by the physiotherapist, they were 

collected every month and the information from them collated and entered into 

Paradox (Borland Intl. Inc 1994), a database software package. The database was 
then used to provide information on injury incidence levels and the seasonal 

occurrence of injuries, along with more in-depth facts such as the type of injury 

sustained and activity at time of injury. 

7.3 METHODOLOGY FOR ATHLETIC PERFORNLANCE TESTS 

An important consideration for any prophylactic measure is whether it has an 

effect upon performance. As other studies have assessed athletic performance, 
these were used as a basis for deciding which tests to use in order to be able to 

compare reports and discern the most useful information. 

Four tests of athletic performance were chosen in order to investigate the effect of 
taping and proprioceptively training the ankle. Ilese were vertical jump, broad 

jump, sprint run and shuttle run. Although . these tests cannot all be directly 

related to performance in football, they do assess aspects of performance abilities 

that if affected by prophylactic measures may result in a change in overall 

performance ability of the player. 

7.3.1 Performance Tests 

Vertical Jump 

This test measured the difference between the standing reach and the 
jumping reach of a subject. 71be subject chalked the fingers of their right 
hand and then standing perpendicular to a wall facing to the le% they 

reached up and marked their maximum reach on the wall. Next, from the 

same position, the subject jumped as high as possible and again marked 

88 



KW. Failliful Chapter 7 

their maximum reach on the wall with their chalked fingers. The distance 
between these two marks was measured to the nearest 0.5cm. The average 
of two such tests was the vertical jump height. 

Broad 

This test measured the distance jumped by a subject from a double-footed 

standing start. A line was drawn on the floor of the gymnasium, which the 

subject stood behind. With their feet together, toes up to the line, the 

subject then jumped as far forward as they could, landing on two feet and 

remaining standing. The floor was then marked at the ftirthest point that 

the toes reached. The distance from the standing line and the marked line 

was measured to the nearest 0.5cm. Ibe average of two such tests gave 
the broad jump result. 

Sprint Run (40 yards) 
The sprint run measured the time taken for the subject to sprint a distance 

of 40 yards. This test took place outside, on a tarmac surface in an 

enclosed area. A line was drawn on the ground (start line) and a distance 

of 40 yards was measured, a finish line marking this distance. The subject 

stood behind the start line and on the signal of the investigator's arm 

dropping, they sprinted as fast as they could until they passed the finish 

line. A stopwatch measured the sprint run time. Timing began from the 

same start signal as the subject, to the point at which the subject crossed 

the finish line to the nearest 0.01 of a second. The average of two such 

tests gave the sprint run time result. 

qbiittle Run 

Ile shuttle run test was a measure of the time taken by the subject to 

complete a 20 yard shuttle run (Figure no 71), adapted from Bocchinfitso 

(1994), Burks (1991), MacPherson (1995). 
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Figure n' 71 Shultle Run 

START 

TOUCHLINE 
AND TURN 

FINISH 

Chapter 7 

TOUCHLINE 
AND TURN 

Three lines were marked on the ground, a distance of 5 yards between the 
lines as illustrated above. The middle of these three lines was the start and 
finish line. The subject stood to the left of the start line, facing the 
investigator and on the start signal (the investigator dropping their arm), 

turned and ran 5 yards to their left, bending and touching the line. Then 

turning, the subject ran 10 yards in the opposite direction, crossing the 

middle line to the filrthest line which as before, they then touched and 

again turning ran back crossing the finish line. The time from the start 

signal to the subject crossing the finish Ime was recorded to the nearest 
0.01 of a second using a stopwatch. The average of two tests gave the 

subject shuttle run time. 

7.3.2 Athletic Performance Subjects 

Twenty subjects from the youth squad of a second division football club, all of 

whom denied prior ankle injury within the last year, volunteered to participate in 

the study. The mean age of the subject group was 17.5 years, the mean weight 
72.29Kg and mean height 170.92cm. All subjects completed an informed consent 
form (Appendix n'A2). 
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7.3.3 Athletic Performance Test Procedure 

Testing was performed on three separate occasions to compare conditions of 

ankles untaped and ankles taped and then on one further occasion to test athletic 

performance after proprioceptive training. 

I ST Test Session: Untaped and Taped (before training) 
2 ND Test Session- Untaped and Taped (before training) 
3RDTest Session: Untaped and Taped (before training) 

4 TH Test Session- After proprioceptive training (Untaped) 

At each of the first three test sessions, the subjects performed each test four times; 

twice with the ankles untaped and twice with the ankles taped. At the fourth test 

session, the subjects completed each test twice, with ankles untaped to measure 

the influence of proprioceptive training on athletic performance. 

There were approximately seven days between each of the first three test sessions 

and six weeks between the third and fourth test session. During this six-week 

period, the proprioceptive training program was carried out. 

A pre-test was conducted to allow the subjects to become familiar with the 

performance test requirements and the procedure for data collection. 

To minimise any effects upon performance due to subject fatigue, a loosening of 

the tape with exercise or any learning effect induced by repeated testing, the 

performance tests were carried out in rotation as illustrated by Table n' 7.1. 
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As shown in Table n" 7.1, in test session one, players completed all performance 
tests Untaped and then Taped, in test session two, all tests were first completed 
Taped and then Untaped and vice versa in test session three. 

Before the start of each test session, the subject completed a warm-up supervised 
by the investigator. This consisted of jogging around a track for five minutes, 
followed by stretching exercises to make sure that all muscles were fiffly warmed- 
up, with a good flexibility range. Sub-maximal trials for each performance test 
were also conducted so that the subject was completely comfortable with the 
requirements of each test. 

Subjects completed each test twice, the average score being taken as the criterion 

measure. Subjects rested for approximately two minutes between repeated tests 
and ten minutes between the different performance tests. It should be noted that 

each subject completed the tests in isolation from fellow subjects and received no 
verbal encouragement during testing in order to remove any influence that these 
factors may have upon performance. 

As previously stated, testing was completed in experimental conditions of ankles 
untaped, both ankles taped and after a six-week proprioceptive training regime. 

73.4 Taping Method 

Taping aJ oint increases mechanical joint stability directly, but may also increase 

proprioceptive signals that are thought to be important in the regulation of the 

tone of muscles, which normally helps to ensure stability (MacDonald 1994). 

The objective of the taping method was to offer bilateral ankle stability with 

specific reinforcement of the lateral ligaments, restricting inversion and some 

eversion while allowing almost full range of dorsiflexion and plantar flexion. 

For the tape application, the subject sat with knees extended and the ankle held at 
900 over the edge of the table, making sure that the legs were supported mid-calf 
The area to be taped was cleaned, shaved and dried to allow good contact with the 
skin. For the same reason, no pre-wrap was used. The tape used was 3.8cm 

elastic adhesive bandage, which while providing support allows flexibility at the 
joint. 
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Using light tension, two 
overlapping, 
circumferential anchor 
strips were applied at 
the forefoot and two 
below the calf bulk at 
the musculotendinous 
junction (Figure n' 72). 

Figure n" 1-3 P Stirrup Application 

Chapter 7 

whors 

A stirrup was applied starting 
from the upper anchor 
medially, passing under the 
heel, pulling up with tension 
and ending on the upper 
anchor laterally with the 
ankle kept at 90' throughout 
(Figure n' 73). 

A second stirrup was applied as before, but beginning and ending more 

anteriorly, pulling up strongly on the lateral side. 

Figure n" 74Stirmp Application 

4. A third stirrup was 
applied, again as before 
but beginning and ending 
more anteriorly than the 
second (Figurc n' 7-4). 
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5. A proximal anchor was applied 
as in 1. (Figure n" 75). 

Figure n" 75 Anchors andStirrups 
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6. A first heel-lock was applied, beginning on the anterior shin, passing towards 

the lateral aspect of the ankle, continuing behind the Achilles Tendon, around and 

under the heel (vigure n" 70) and then pulled up over the lateral side, applying 

strong tension and fixing securely to the lateral upper anchor (Figure n" 77). 

Figure n' 76 & Figu re n" 77 
Lateral Ankle-lock 

7. The lateral ankle lock was repeated. 
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8. A medial ankle-lock was applied, 
starting and finishing on the medial 
side for added stability, applying 
only medium tension when pulling 
up on the medial side (Figure n' 78). 

Figure n' 78 Medial Ankle-lock 
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9. A figure-8 was applied to close and reinforce the ankle. Starting anteriorly, 

crossing medially without tension, the tape was brought down towards the 

medial aspect of the ankle and passed under the foot. It was then pulled up 

with full tension over the lateral side before crossing the ankle anteriody with 

less tension. The tape was then brought horizontally behind the Achilles 

tendon and finished anteriorly, crossing the starting point of the figure-8 

(Figilre it' 179). 

Figure n" 79 Fýiýurc-X Taping Applicution 

7.3.5 Proprioceptive Training Program 

The proprioceptive training program was devised to progressively educate 

muscles and receptors in the lower leg, concerned with ankle joint motion and 

stability and to improve proprioception. The program consisted of three types of 

exercises (single leg balance, tilt-board and dynamic balance). Each exercise 

progressively became more difficult throughout the six-weeks in order to increase 

the proprioceptive ability of the ankle. 
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Exercises were performed three times a week, over the six-week period under 

supervision by the physiotherapist at the football club. The subjects performed 
the tests at the same time each day in the gym before training. This was to ensure 

compliance and accurate completion of all tasks and also to monitor 

proprioceptive progression. 

Week One: 

Single Leg Balance 

Close both eyes and balance on one foot, without touch-down of the 

opposite foot, for a period of 60 seconds. Repeat for the other foot. 

Tilt-board/Wobble-board Training 

On the tilt-board (a rectangular board approximately shoulder width in 

length and foot length in width fixed onto a rocking foot), balance on both 

feet without the sides of the board touching the ground, for 60 seconds. 

Dynamic Balance 

Standing on one foot throw a Size 5 football against a wall 3 yards away, 

above the horizontal line on the wall. 
Repeat for the other foot. 

Week Two: 

Single Leg Balance 

Repeat 50 times continuously. 

(1) Close both eyes and balance on one foot, without touch-down of the 

opposite foot, for a period of 60 seconds. Repeat for the other foot. 

(2) Using the mini-trampoline, with eyes open, balance on one foot, 

without touchdown of the opposite foot, for a period of 60 seconds. 

Repeat for the other foot. 

Tilt-board[Wobble-board Training 

On the tilt-board, balance on both feet without the sides of the board 

touching the ground, for 60 seconds. 

Dynamic Balance 

Standing on one foot, throw a Size 5 football against a wall 3 yards away, 

above the horizontal line on the wall. Repeat 50 times continuously. 

Repeat for the other foot. 
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Week Three: 

Single Leg Balance 
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(1) Close both eyes and balance on one foot, without touch-down of the 

opposite foot, for a period of 60 seconds. Repeat for the other foot. 

(2) Using the mini-trampoline, with eyes open, balance on one foot, 

without touchdown of the opposite foot, for a period of 60 seconds. 
Repeat for the other foot. 

(3) Using the mini-trampoline, close both eyes and balance on one foot, 

without touchdown of the opposite foot for a period of 60 seconds. 
Repeat for the other foot. 

Tilt-board[Wobble-board Trainin 

On the tilt-board, balance on one foot without the sides of the board 

touching the ground, for 60 seconds. 

Repeat for the other foot. 

Dynamic Balance 

Standing on one foot, throw a Size 5 football against a wall 3 yards away, 

above the horizontal line on the wall. 

Repeat for the other foot. 

Week Four: 

Repeat 50 times continuously. 

Single Lýg Balance 

(1) Using the mini-trampoline, with eyes open, balance on one foot, 

without touchdown of the opposite foot, for a period of 60 seconds. 

Repeat for the other foot. 

(2) Using the mini-trampoline, close both eyes and balance on one foot, 

without touchdown of the opposite foot for a period of 60 seconds. 

Repeat for the other foot. 

Tilt-board/Wobble-board Training 

On the tilt-board, balance on one foot without the sides of the board 

touching the ground, for 60 seconds. 

Repeat for the other foot. 
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Dynamic Balance 

(1) Standing on one foot, throw a Size 5 football against a wall 3 yards 

away, above the horizontal line on the wall. Repeat 50 times 

continuously. Repeat for the other foot. 

(2) On one foot hop clockwise, then 

anticlockwise around the square - ABCD then 

DCBA. 

Then hop diagonally - ACBD then DBCA then 

ACBD and finally DBCA. 

Repeat on the other foot. 

Week Five: 

Sing! e Leg Balance 

Using the mini-trampoline, close both eyes and balance on one foot, 

without touchdown of the opposite foot for a period of 60 seconds. 

Repeat for the other foot. 

Tilt-board/Wobble-board Training 

(1) On the wobble-board (a circular surface of radius 20 cm underneath 

which is a half sphere), balance on both feet without the sides of the board 

touching the ground, for 60 seconds. 

(2) On the wobble-board, balance on one foot without the sides of the 

board touching the ground, for 60 seconds. 

Repeat for the other foot. 

Dvnamic Balance 

(1) Standing on one foot, throw a Size 5 football against a wall 3 yards 

away, above the horizontal line on the wall. Repeat 50 times 

continuously. Repeat for the other foot. 

(2) On one foot hop clockwise, then 

anticlockwise around the square - ABCD then 

DCBA. 

Then hop diagonally - ACBD then DBCA then 

ACBD and finally DBCA. 

Repeat on the otheT foot. 
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Week Six: 

Sinale Lei! Balance 
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Using the mini-trampoline, close both eyes and balance on one foot, 

without touchdown of the opposite foot for a period of 60 seconds. 
Repeat for the other foot. 

Tilt-board/Wobble-board Trainin 

(1) On the wobble-board, balance on both feet without the sides of the 
board touching the ground, for 60 seconds. 

(2) On the wobble-board, balance on one foot without the sides of the 
board touching the ground, for 60 seconds. 
Repeat for the other foot. 

Dvnamic Balance 

(1) Standing on one foot, throw a Size 5 football against a wall 3 yards 

away, above the horizontal line on the wall, Repeat 50 times 

continuously. Repeat for the other foot. 

(2) On one foot hop clockwise, then 

anticlockwise around the square - ABCD then 

DCBA. 

Then hop diagonally - ACBD then DBCA then 

ACBD and finally DBCA. 

Repeat on the other foot. 

7.3.6 Athletic Performance Tests Data Analvsis 

Within each test session, the average score of the repeated tests gave the criterion 

measure for the subject. For Untaped and Taped conditions, the criterion measure 

for the three test sessions was then averaged to give overall Untaped and Taped 

condition values. These values were then used for statistical analysis. 

in the case of the Trained condition, the average score of the repeated tests for 

each subject was used as the Trained condition values on which statistical analysis 

was performed. 
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Data analysis was carried out using SPSS (Version 6.0). The analysis took the 

form of ANOVAs with repeated measures on the independent variable of testing 

condition: Untaped/Untrained, Taped and Trained. 

Separate Nest analysis for paired samples was also conducted, to investigate the 

effect of Taped and Trained conditions upon performance in comparison with the 
Untaped/Untrained condition. All statistical analyses looked for significance at 
the 0.05 level, that is a 95% confidence that results obtained are not due to chance. 
Test-retest reliability was assessed by Pearson's correlation coefficients. 

7.4 PROPRIOCEPTION PROCEDURE 

I The test of proprioception was undertaken by measurement of postural stability 

using the Chattecx Balance System and measurement of muscle activity by 

electromyography (EMG). 

Ibe most widely used method for measuring posturography is based on the 

measurement of ground reaction forces and centre of pressure as the subject 

stands on a platform equipped with force transducers. This method studies the 

entire activity of the postural control system by observing how well the subject 

can maintain the centre of pressure witliin the foot support base (Barin 1992). 

Force platforms ideally evaluate four aspects of postural control: steadiness, the 

ability to keep the body as motionless as possible, also considered a measure of 

postural sway; symmetry, the ability to distribute weight evenly between the two 

feet in an upright stance; dynamic stability, the ability to transfer the vertical 

projections of the centre of gravity around a stationary supporting base (Goldie 

1989); and dynamic balance, the measurement of postural responses to external 

perturbations (Guskienicz 1996a), 

The ability to maintain balance during standing on a single leg or both legs 

depends on the integrity of the visual, vestibular and nervous systems. In the 

presence of an intact vestibular system, standing with eyes closed depends mostly 

on the normal function of the various proprioceptive receptors (Barrett 1991, 

Isakov 1992). Judge (1993) noted an absence of a correlation between double-leg 
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stance and single-leg stance measurements, suggesting that both postures measure 
different aspects of balance function. It was concluded that double-leg stance 

measures reflect the integrity of the proprioceptors, muscle stretch receptors, 

vestibular system, vision and motor control of postural muscles, but they do not 

require substantial strength or activation of muscle (ludge 1993)- In contrast, 

single-leg stance requires active contraction of several muscle groups in addition 
to the systems Involved in double-leg stance (fudge 1993). 

it was therefore decided to measure muscle activity by EMG during the standing 

balance tests as a further means of identifying proprioceptive changes that may be 

introduced by the test conditions. 

The aim of this part of the study was to deduce by measurement of posturography 

and electromyography, the influence of both taping and training upon ankle 

propnoception. 

7.4.1 Chattecx Balance System 

Chattecx Balance System@ from the Chattecx Corporation - part of Chattanooga 

Group Inc. Hixson TN (Figure n" 71 ()). 

0 The Chattt, (-., I- 
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The principle of balance testing and training is to measure the centre of balance, 

postural sway and limits of postural stability. Measures of postural stability 

provide quantitative information about the function of the sensorimotor system 
involved with postural control. 

It is well known that visual information plays an important role in the regulation 

of posture. So a person standing eyes open will exhibit spontaneous postural 

sway which will increase in amplitude when the eyes are closed. With a static 

eyes closed balance test, the role that the proprioceptive system plays in the 

control of posture is being measured. 

The principle of balance assessment is the measurement of body weight 

distribution while the subject stands on four footplates provided with electronic 

pressure transducers. The distribution of pressure over the four footplates shows 

fluctuations of weight displacements that reflect the amount and direction of 

postural sway in forward, backward and left and right directions. In addition, the 

mean centre, of pressure and the percentage of time the instantaneous centre of 

pressure falls within the normalised five, ten, twenty, forty and sixty percentiles of 

body weight are computed, indicating the tendency of the preferred location of the 

centre of gravity in relation to the supporting area. 

7.4.1.1 Footplates 

Two pairs of independent force transducers, one pair for forefoot and heel of each 

foot comprise the footplate base (Figure n" 711). 

Figure n' 711 Chattecx Balance System Footplates 
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The gap between the forefoot and heel transducers is adjustable so that the plate 
can accommodate different foot sizes. Similarly, the distance between the two 

pairs of transducers is variable to enable stance at different base of support areas. 
Each footplate is sensitive to 5.29mV/kg to a maximum load of 170kg at a 

standard sample rate of I OOHz (100 samples /second) (Chattecx Balance System 

Literature). The device consists of full-bridge strain gauges whose signals are 

amplified by instrumentation amplifiers and transmitted to the computer for 

analysis. Each section of the loadcell can measure up to 54kg maximum and is 

calibrated to a zero reading each time the system is powered up. This self- 

calibration procedure eliminates the need for periodic calibration due to electronic 
drift or minor mechanical deformation. 

7.4.1.2 Setting the Footplates 

The subject stood next to the left footplate. The centre line from the toe plate was 

placed opposite the ball of the foot. The heel plate was then moved towards the 

toe plate until its centre fine was opposite the centre of the subject's heel. The 

subject then stood on the footplate to confirm the centre lines were in the correct 

position (Figure n" 712). 

Figure n" 712 Positioning of the Foot on the Footplate showing Positioning of the Centre 
Lines 

in order to assure reproducibility, the footplate settings for each subject were 

stored in their data file. The settings entered determined the gap between the rear 

of the toe plate and the front of the heel plate, thus assuring that the footplates for 

a returning subject were set exactly as previously. 
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7.4.13 Double Stance Settings 

Two double stance settings were used; feet together (Narrow) and feet apart 

(Wide). 

For the feet together setting, the footplates were set as in Section 7.4.1.2 and the 

corresponding right footplate was moved directly parallel to the left footplate as 

shown in Figure W' 713, so that the theoretical distribution of weight in this stance 
is 25% of the subject's body weight through each footplate section as shown in 

Figure n" 714. 

Fý(IIIIT 17" 713 Positionina ofthe Foolplates. for Feet Together Double Stance 

LEFr RIGHT 
FCX)TPLATT FOCfITIATT 

Figure n'' 714 Distrihmon ol'Weight in Feet Together Douhle Stance 

2 A 

For the feet apart setting, the footplates were set as in Section 7.4.1.2 this time the 

corresponding right footplate was moved parallel to the left footplate, but at a 
distance of 12cm apart (roughly shoulder width apart) Figure W" 715 and 716. 
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Figure n" 715 Footplate Positioningfi)r Peet Apart Double Slance 

LEFT 
FOOTPLATI 

RIGHT 
FOOTPLATE El [I 

Figure n" 716 Weight distribution in Peet Apart Double Stance 

2596 2596 

2596 25% 

7.4.1.4 Sinp-le Stance Settines 

Cbapter 7 

Single stance setting was the same as for double stance, feet together (Section 

7.4.1.3) with the addition of another footplate set placed over the left and right 

pair, to form a single footplate set h-ignre no 717. The theoretical distribution of 

weight in single stance is shown in Figure n' 718. 

Figure n' 717 T`ootplatc 
Positioning. lor Single-leg 
Stance SINGLE FOOT 
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2 5% 
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Figure n' 718 Weight Distribution 
in Single-leg Stance 

7.4.1.5 Postural Stability Evaluation using the Chattecx Balance System 

Each test evaluated three aspects of balance defined as follows: - 

1. Centre of Balance (COB) - where the average x and y co-ordinates are plotted 

using the 'normal' COB as a reference point, where 'normal' COB is the point 
between the feet where the ball and heel of each foot has 25% of the body 

weight (Figure n'" 714 and 716). The subjects COB is indicated graphically 

on the monitor by a red '+' and numerically as x and y co-ordinates. COB is 

defined as the centre point of vertical foot pressure throughout the 10-second 

trial. The centres of balance measurements are expressed as points on an x- 

axis (left/right) and y-axis (anterior/posterior) grid. 

2. Sway Index (SI) - this is a numeric value of the standard deviation of the time 

and distance the subject spent away from their COB. it is a measure of the 

degree of scatter of the data about the subject's centre of balance. 

3. Sway distance - this is a measure of the maximum anterior/posterior (A/P) 

and left/right (L/R) movement in centimetres away from the subjects COB. 

A typical test result directly from the balance system is shown in Figure n" 718. 

This shows x and y co-ordinates along with the overall sway index and individual 

L/R and A/P sway distances. 
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Figure n' 719 Tvpical Output ol'Results. irom the Chaiteex Balance Svsiem 

Eges Closed 
Stable 100*/. 

suhject: JL/R on): 3.3J 11 colt Left 

Forward on El 
Left Toe 
X/V -0 ,9 +0.9 
Sl (C-): 

-1 on Right 

/. 43 cm Anteriop 

/-Tlj 

c" Postel-iolt. Time . 10.0 

The left-hand section shows the outline of the foot, with a red cross marking the 

theoretical centre of balance. The four blue crosses represent the edges of the four 

transducers. The pattern of postural sway is superimposed upon this template, 

with the maximum AT and L/R sway distances marked by a blue cross at the 

centre of this pattern. The separate patterns of L/R and AT sway over the ten 

second balance period can be seen in the nght-hand section. 

7.4.1.6 Chattecx Balance System Reliability 

Mattacola (1995) investigated inter-tester reliability of the Chattecx Balance 

System during single and double leg static and dynamic testing. Mean values of 

postural sway ranged from 0.28cm to 1.72cm. and ftom 0.65cm to 1.70cm for 

double-leg and single-leg stance respectiVely. Intraclass Correlation Coefficients 

(ICCs) and (standard errors of measurement in centimetres) ranged from 0.41 

(0.21) to 0.90 (0.06). Byl (1991) investigated both intra-tester and inter-tester 

reliability of the system and reported correlation coefficients of 0.92 and 0.90 

respectively, comparable to those of Mattacola (1995). 

Test-retest reliability for static balance testing was investigated by DicWein 

(1993) using values of Pearson product moment correlation coefficients for 

variables of sway in both the x and y directions. 
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For overall sway, test-retest correlations were lower for the tests performed with 
vision deprived, as compared to tests performed with eyes open. The retest 
reliability of sway, though mostly positive was low to moderate. Three sources of 
low retest reliability have been proposed: 

1) flaws in instrumentation - though this seems irrelevant because changes In the 
hardware and software measurement device were not made and unlikely to 
occur; 

2) inherent lack of consistency in the variable of interest and the type of subjects 

examined -a theory supported by Goldie (1989) who reported on test-retest 

correlations of the sway of COP to be no greater than 0.5 with more than 50% 

of 14 tests in different stance positions failing to reach statistical significance; 
3) errors made by the persons taking the measurements. 

'Me reason behind the unamenability of sway to high positive test-retest 

correlations may stem from a large repertoire of balance strategies that one can 

employ while still maintaining the overt stance position required by the study 

protocol (Dickstein 1993). 

In contrast to sway, test-retest correlations for COBx were positive and in the 

majority of tests statistically significant (79%), while COBy values of the 

obtained correlations were all positive and statistically significant. This indicates 

that despite the inability to detect differences in COBy in various testing positions, 

measurement consistency between the same test in two evaluations was high. A 

study by Nichols (1995) also investigated test-retest reliability of the Chattecx 

Balance System. COBx and COBy were again found to demonstrate acceptable 

levels of reliability with ICCs ranging form 0.60 to 0.97. 

Irrgang (1992) measured postural sway during unilateral stance on a stable 

platform. The results indicated reasonable reliability within and between days for 

stable non-moving measures of balance as were used in this study. 

As maintaining postural stability involves integrating multiple physical 

components. The wide range of reliability coefficients in different stance 

situations is probably related to this multifaceted system. For example, 

concentration may be compromised due to extraneous factors such as visual or 
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audible disturbances. Also, variations in mental status may vary from test to test. 
Controlling for these disturbances may improve the reliability of measurement. 
Another factor that may affect reliability is a learning effect, so the number of 
trials for each position should be kept to a minimum. 

As the studies in the literature have reported acceptable levels of both test-retest 

reliability and also within and between day testing reliability for stable non- 

moving measures of balance, it was assumed results obtained from three trials on 

one day would be comparable to results from three trials on a future day. To 

control for any outside disturbances, all testing was conducted in a performance 
laboratory with closed access and only the investigator present. Although little 

learning effect was expected to be presented over three trials, the results from the 

three trials were averaged. 

7.4.2 EMG Instrumentation 

EMG was measured using the BIOPAC Systems Inc, (Goleta CA) 

MP10OWorkStation (MPIOOWS). The MPIOO is a complete, modular, 

expandable data acquisition system which functions as an 'on screen chart 

recorder' (BIOPA C Systems Inc. 1994). 

The system used consisted of the following modular components (Figure n" 7.20); 

UIM1 00: Universal Interface Module - this connects the amplifiers to the MP 100 

interface and provides a direct link to the MP I 00's analog and digital inputs and 

outputs. It consists of sixteen analog input channels plus two analog output 

channels. 
EMGIOOA: Electromyograrn Amplifier - this is specifically designed for 

amplification of general muscle activity and is a single channel, high gain, 

differential input, biopotential amplifier and has a built in drive capability for use 

with shielded electrode leads. Shielded leads are typically required, as the 

EMGlOOA has a frequency response that extends through the 50/6OHz 

interference bands. 

TEL100: Remote Monitoring Module Set - includes a portable transmitter, able 

to convert up to four channels of data into a modulated data stream. This stream 

then travels over a single lightweight cable to the receiver module. The receiver 
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module then de-modulates the data and sends it to the NIP 100 for recording and 

analysis. 

TELIOOM: Four Channel Portable Transnutter - measures 3.5" xx 
1.25" and needs 2" clearance on each side for electrode attachment. A belt 

clip enables this to be worn by the subject. The transmitter picks up, 

amplifies and transmits up to four channels to the TELIOOD Receiver 

Module. T"he transInitter includes independent filtering, offset and gain 

controls for each data channel. The electrodes plug into four 9-pin 

connectors (two on each side of the transMitter). 
TELIOOD: Four Channel Receiver Module - works With the MPIOO 

system. 

Figure n 7-'0 The. VfPIOOK'S 
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The IELIOO module set is a modulation/demodulation system. Ile modulation 
process occurs in the TELIOOM, the demodulation process occurs in the 

TELIOOD. The TELIOOM amplifies and filters the four input channels. After 

amplification the channel signals are time division multiplexed (TDM) into a 

single transmission channel and are sent to the TELIOOD. The TDM process 
intrinsicallY samples the four input channels at a rate of 200OHz /channel. This 

sampling process is independent of the MPIOO system as it occurs in the 

TELIOOM module. Pzior to the TDM process, the four input channels are low- 

pass filtered at 50OHz. The TDM process always samples at 200OHz for each, 

channel and each channel's maximinn bandwidth is 50OHz. 

lhe TEL I OOD demodulates the transmission from the TELI OOM and incorporates 

3011z low-pass filters for removing noise or 50/6011z hum from the four input 

channels. The TELIOOD produces a +/- voltage range analog output for each 

channel which are then sampled by the MP1 00. 

7.4.2.1 Technical Specifications 

These are the technical specifications for the MP 100 modular system; 

Analog jnýuts Analog Outputs 

Channels 16 2 

input Voltage Range (FSR) +/- I Ov 

output Voltage Range (FSR) I 0V 

A/D Resolution (bits) 16 

D/A Resolution (bits) 12 

Accuracy (*/oFSR) +/-0.003 +/-0.02 

input Impedance (fl) 1.0m 

Output Impedance (fl) 100 

Output Drive Current (max) +/- 5mA 

mt)lifier 
Type; Differential Input 

Input Impedance 2M91 (differential 

Common Mode Input Impedance I OOOMn min (50/60Hz) 
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Common Mode Rejection Ratio I OOdB min (50/60Hz) 

Common Mode Input Voltage Range +/- I OV 
Output; normal, integrated output 

TELIOO 

Gain settings x5OO, x1000, x2OOO, x5OOO 
Upper Frequency Response 400OHz 

Lower Frequency Response 10 or I OOHz 

Noise Voltage 2. OgV (rms) 

Channel Bandwidth 50OHz 

Signal/crosstalk ratio 65dB, min 
Signal/noise ratio 65 dB, min 
Signal Transmission ratio >200 feet. 

7.4.3 Proprioception Evaluation Subjects 

Chapter 7 

Although the intention was to use the same subjects that completed the athletic 

performance tests, this was not possible due to the final logistics of the study, the 
football season and other extraneous factors. Despite this, subjects did come from 

the same population as those previously studied. 

The subjects were healthy male footballers from a second division club in the 
National Football League. All subjects voluntarily participated in the study and 

signed informed consent forms (Appendix h* A2). 

Subjects were randomly assigned into two groups. Subjects (n = 10) assigned to 

Group One underwent measurements of postural stability and muscle activity with 

and without both ankles taped. For the taping procedure see Section 73.4. The 

subjects (n = 12) assigned to Group Two were tested before and after a six week 

proprioceptive training regime. For the training procedure see Section 7.3.5. 

Ile physical characteristics of the sample are presented in Table n* 7.2. An F-test 

for equal variances between groups showed that variances are equal, thus the two 

groups comparable. 
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Table n' 7.2 Physical Characteristics of Subýects in PrQprioception A nalys 
(n - 22) 

IARI. 4 M WROUPI GROVP2 
oirAPING) (TRAINING) 

n=10 it = 1-1 ! 
MEAN (SD) MEAN (SD) 

AGE (years) 25(6) 21 (5) 
WEIGHT (Kg) 77(10) 72(6) 
HEIGHT (cm) 

_181(6) 
178(5) 

7.4.4 Postural Stabilitv Procedure 

The aim of this part of the study was to measure postural stability of two groups 

of subjects. One group was tested with ankles Untaped and Taped the other group 

was tested with ankles Untrained and Trained. The taping and training methods 

used were the same as those used for the athletic performance tests (Section 7.3.4 

and Section 7.3.5 respectively). 

Before testing, subjects performed a short warm-up consisting of jogging and 

stretching to loosen the muscles, increase joint flexibility and stimulate receptors. 

In the case of testing with ankles taped, warm-up was done after the tape had been 

applied. This was to loosen the tape to simulate the process of loosening that 

occurs during sporting activity and to produce results more indicative of a 

proprioceptive response to taping than that of a mechanical response. 

Prior to data collection, the procedure was explained to the subjects and their age, 

weight and height were recorded. 

For both groups, balance performance with eyes open and eyes closed was 

assessed in four stance positions: single-leg (Left), single-leg (Right), double-leg 

feet together (Narrow) and double-leg feet apart (Wide). In all cases, the eyes 

open measurements were completed before the eyes closed. To reduce leaming 

effects and over familiarity with the balance procedure, the order of stance 

position tested was randomised. 

All measurements were taken by the same person to control for inter-tester 

reliability. The test was administered with shoes on to simulate sporting 

conditions in which the footwear may offer some degree of support. 
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7.4.4.1 Single-leg Stance Stability Measurement 

For this test, postural stability while standing on one leg was measured using the 

Chattecx Balance System. Stability on both left and right legs was measured. 

First of all, the footplates were adjusted to fit the subject as described in Section 

7.4.1.4. The subject was then instructed before standing on the footplates that for 

this test they would be asked to complete six trials of standing balance on one leg 

(right or left), each lasting 10 seconds. This would involve three trials of standing 

with eyes open and three with eyes closed. The test was then repeated for the 

contralateral leg. 

For the eyes open trials, the subject was instructed to stand on the footplates, raise 

the contralateral leg, with the knee flexed at approximately 45* and hold their 

arms loosely by their sides. They were asked to concentrate on looking at a cross, 

marked on the wall one metre in front of them at eye level. Once confident that 

they were balanced to say 'GO'. This was the indicator to start measurement 

recording. 

For the eyes closed trials, the subject was to do exactly as in the eyes open trials 

and once balanced, they closed their eyes and said 'GO', this was the indicator for 

starting measurement reco Mg. 

Between each trial, the subject was rested for thirty seconds while the 

measurements were saved and between eyes open and eyes closed, the subjects 

were rested for one minute. 

7.4.4.2 Double-leg Stance Stabilit 

'Ihe footplates were adjusted as described in Section 7.4.1.3, appropriate for the 

stance position being tested (either Narrow or Wide). Ile subject was then 

instructed before standing on the footplates that for this test they would be asked 

to complete six trials of standing balance on two legs, each lasting 10 seconds. 

This would involve three trials of standing with eyes open and three with eyes 

closed. 
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For the eyes open trials the subject was instructed to stand on the footplates, 

holding their arms loosely at their sides and to concentrate on a cross marked on 
the wall at eye level, one metre in front of them and once confident that they were 
balanced to say 'GO'. This was the indication to start measurement recording. 

For the eyes closed trials, the subject was to do exactly as in the eyes open trial, 

but once confident that they were balanced to close their eyes and then say 'GO', 

used as the indication to start measurement recording. 

Between each trial the subject was rested for thirty seconds to enable 

measurements to be saved and between eyes open and eyes closed the subject was 

rested for one minute. 

7.4.5 Electromyography Procedure 

Electromyographic measures were included in the test protocol in order to 

investigate muscle activity related to the process of postural stability and 

therefore, ascertain any effect that taping or proprioceptively training the ankle 

had on muscle activity, as a measure of proprioception. 

EMG measured the muscle activity during the postural stability tests. This was 

done via the BIOPAC EMG System incorporating Acknowledge 3.2 software, in 

an attempt to obtain information regarding magnitude and activation of muscles in 

the lower leg directly related to the ankle joint as a function of postural stability 

before and after taping and proprioceptive training. 

EMG measurements of four lower-leg muscles: gastrocnemius, peroneus longus, 

tibialis anterior and soleus, were recorded simultaneously with the balance 

performance tests. The leg from which the EMG was recorded was the 

weightbearing leg in single stance and the dominant leg in double stance. 

Dominance was ascertained by asking the subject which foot they would normally 

kick a football with and, this was chosen as the testing leg in double stance. The 

reason for choosing this leg for measurement was, that if this leg is used to ldck 

the ball, the contralateral leg is more commonly used as the support leg and could 

therefore be assumed to be more stable 'PrOPrioceptively', and so less influenced 

by either taping or proprioceptive training. 

115 



M. W. Faithful Chapter 7 

For the data acquisition, electrodes were placed on the muscle bellies of the four 

muscles to be tested: gastrocnemius, peroneus longus, tibialis anterior and soleus. 
The electrodes used were 3M red dot Ag/AgCI monitoring electrodes with 
micropore tape and solid gel (reference 2239). 

Two detector electrodes were used for each muscle, necessary to prevent the EMG 

signal being swamped by mains hum. First shaving the electrode area and then 
thoroughly cleansing and degreasing it using a clean tissue moistened with 
acetone reduced the skin resistance. The placement of the two detector electrodes 
was so that they lay over the visual midpoint of the contracted muscle, with the 

orientation of the electrode pair being on a line parallel to the direction of the 

muscle fibres, an inter-electrode spacing of I cm was used. One common earth 

electrode was used for the four muscles this was placed on the lateral side of the 
knee. 

Once connected, the subject was instructed to walk a short distance of five metres 

to check for muscle activity pick-up by the electrodes. Before the trials began, a 

sample rate of 1000 samples per second was set for a period of ten seconds, this 

was so that EMG data collection could be run in conjunction with the postural 

stability trials. 

As EMG data acquisition was in association with postural stability measurements, 

collection began on the command of 'GO' from the subject as in Sections 7.4A. 1 

and 7.4.4.2. Although the EMG was recorded for each balance trial,, it was 
decided to only save the trace for the second test of each trial due to the large size 

of the files, along with equipment and time constraints. The second test of each 

trial was selected, as it was believed this test would give the most representative 

and comparable results, with little learning effect involved. 

7.4.6 Proprioception Data Analysis 

The SPSS statistical package (version 6.01 SPSS Inc. ) was used for statistical 

analysis of the postural stability measurements. For each subject in all of the test 

and stance conditions, means were calculated over the three trials for measures of 

centre of balance (COBX and COBy), sway index and lefVfight and 
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antenor/posterior sway. These values were then used to test the influence of 

taping and training on postural stability. 

The statistical analysis of the results was conducted using repeated one-way 

analysis of variance (ANOVA) and three-factor repeated measures ANOVA for 

each of the parameters. Visual condition (eyes open or closed), test condition 

(Untaped/Untrained, Taped or Trained) and stance position (left, right, narrow or 

wide) were the within subject factors. Probability values were adjusted by the 

Geisser-Greenhouse method in the repeated measures design. T-test analysis was 

also conducted for the two groups, paired t-test analysis was used to analyse 

within subject factors and independent t-tests to analyse between subject factors. 

EMG measurements were converted to text files within Acknowledge software. 

-Fhe text files were then opened within Microsoft Excel for manipulation and 

analysis. An example of the raw EMG data is given in Figure n" 72 1. This shows 

muscle activity in each of the four muscles, tested over a ten-second balance 

period on the right leg with the eyes closed. 

57025 - 

0 

0 

-0.5 

-0.75 

Figure n" 721 An Exumple ofRaw EA4G Data 

EMG for Single Leg Stance 
0.5 

PeroneusLongus 

TibialisAnterior 

G: strocnemius 
TIME (Seconds) S IOUs 

345689 ID 0 
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The muscle activity of each individual muscle was analysed separately for test and 

stance conditions. The EMG trace over the ten second balance period consisted of 
10 000 data points due to a sample rate of I 000/second. 

The first part of EMG data analysis consisted of removing the first five and last 

five data points from each EMG trace. This was to remove spikes in the trace due 

to commencement and completion of data acquisition. Then the maximum and 

minimum peak values for each subject trace were noted. These values were used 

to find the corresponding mean values for each visual condition within each 

stance and test position. Statistical analysis was conducted on each group using 

paired samples Mests to investigate within-subject factors of the taping and 

training groups, with statistical significance set at the 0.05 level. 

The second part of the EMG data analysis began by sorting the data points of each 
individual EMG trace into ascending numerical order. Then for each group, 

stance and test condition, each data point was averaged across the group to give 

one mean EMG trace of 10 000 data points for test conditions. Thus, an average 

EMG trace was obtained for Untaped, Untrained, Taped and Tmined in stance 

positions of single-leg (Left), single-leg (Right), double-leg (Narrow) and double- 

leg (Wide) in eyes open and eyes closed visual conditions. The EMG traces were 

then represented and assessed graphically and statistically analysed by paired t- 

test analysis for within-group significance and by independent t-test analysis for 

between group significance. The EMG traces were also analysed using Pearson"s 

correlation coefficients to check for comparability and similarity of the results 

obtained from different test conditions. Statistical significance was again set at 

the 0.05 level. 
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CHAPTER 8: RESULTS 

8.1 INJURY DATABASE RESULTS 

An injury database was compiled over the course of two seasons from 

questionnaires completed by the physiotherapist at a second division National 

Football League club. The purpose of the database was to confirm results from 

other studies in the literature investigating the frequency and location of injuries 

in football with the intention of providing evidence of the high incidence of ankle 
injury in football to warrant the further research in this area. 

The database was complied over two seasons, but with a change in the definition 

of injury between the two seasons. The first period was the 1996 - 1997 football 

season, starting with pre-season training in July 1996 and ending with the last 

match at the beginning of May 1997. For this period, an injury was defined by the 

player being unable to participate in a match or training session because of an 

injury incurred in football. Injuries incurred by both the youth and professional 

players at the club were recorded. 

The second period was the 1997 - 1998 football season, again starting with pre- 

season training in July 1997 and ending with the last match at the beginning of 

May 1998. For this second period, an injury was defined as requiring a minimum 

of three days treatment. The change in injury definition was to highlight the 

impact of more severe injuries, leading to significant time lost from play and also, 

due to a change in the data collection procedure. Injuries incurred by both youth 

and professional players were again recorded. 

Due to the change in definition of injury and the data collection procedure, results 

from the two periods are reviewed and discussed separately. 

8.1.1 The 1996 - 1997 FootbaH Season 

During the season, a total of 42 players were at risk of mj*ury in the club. This 

was made up of 26 First and Reserve squad players (also split into First team and 
Reserve team) and 16 Youth team players. 
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8.1.1.1 Incidence of Iniurv 

Chapter 8 

From the population at risk, only one player remained uninjured throughout the 

period of study, the remaining 41 players incurring a total of 84 injuries. 

The incidence of injury for the individual player in the club was calculated from 

proportional representation of players in training and matches, dependent upon the 

team played in over the period of study. This gave 2.5 injuries per 1000 hours of 
football; 5.85 injuries per 1000 match hours and 1.39 injuries per 1000 training 

hours. This constituted an average of one injury every 2.7 matches and 5.7 

training sessions. The full breakdown of injury incidence is detailed in Table n" 
8.1 (a), (b), (c) and (d). 

NUMBER OF PLA YERS AT RISK 42 Players 
LENGTH OF PERIOD OF STUDY 10 months 
NUMBER OF PLA YERS INJURED 41 

NUMBER OF INJURIES 84 

ýTl ýý', '' '` -)) (herall Inii -- '; -'', ;-, "-, ýic 19961199 7 Period 

(club) 
2.5 injuries /1000 hours 

INCIDENCE OF MA TCH INJUR Y 
(club) 

5.85 injuries /1000 match hours 

INCIDENCE OF TRAINING INJURY 
(club) 

1.39 injuries / 1000 training hours 

FIRST TEAM 3.88 injuries /1000 hours 

REVER VE TEAM 1.31 injuries/ 1000 hours 

FIRSTIRESERVE SQUAD 2.5 5 injuries /1000 hours 

YOUTH TEAM 1 3.61 injuries /1000 hours 

Ttjhlt, n" S. I (c) Inc-it 996j 997 Period 
PI W 

FFIIRRSS 77 "III1 20.3 5 injuries / 1000 hours 
RESERVE TE4M 9.93 injuries /I 000_ match hours 

FIRSTIRESERVESQUAD 8.46 injuries / 1000 match hours 
YOUTH TEAM 19 injuries /1000 match hours 
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The periodicity of injury occurrence is shown in Figure it" 81. This shows three 

peaks of incidence; at the beginning of the competitive season 

(August/September), during the period over Christmas (November/December) and 

at Easter (April); both match intensive periods in the league programme. 

Figure n" 81 Periodicitv of Inlury for 199611997 Period of Database 
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PERIODICITY OF INJURY FOR 1996/1997 PERIOD 

Analysis of injuries incurred by players in the different teams across the period of 

study shows these peaks of incidence more directly related to time of season and 

matches. The reserve team is noted to have fewer injuries, however, these injury 

incidences still occur at the peak areas previously indicated. The team injury 

incidence over the period is illustrated in Figure n" 82. 
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PERIODICITY OF INJURY BY TEAM FOR 1996/1997 PERIOD OF 
DATABASE 
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8.1.1.2 Tvve and Location of In *urv 

Strains and sprains were the most common type of injury to be incurred by the 

players, accounting for 63% of all injuries recorded (Table no 8.2). A sprain is an 
injury to a ligament caused by sudden over- stretching. As the ligament is not 

severed, it gradually heals, but this may take several months dependent upon the 

severity. A strain is an excessive stretching or working of a muscle, resulting in 

pain and swelling of the muscle. 

Injuries to the lower leg (18%) constituted the most frequently injured body part, 
followed closely by injury to the knee (15%) and ankle (13%). The localisation Of 
injury is shown in Table n' 8.3. The side affected by injury was not significant, 

with left and right sides injured 52% and 44% respectively (Table n' 8.4). 

T, r, zhle n' 8-2 Tvne ol'Iniun, b7citri-cd mv? - ibi, 1096 199' Period 

7 7 
STRAIN 35 42ý o 

sp 
18 22% 

CONTUSION 10 12% 

ABRASION 8 10% 

OVERUSE INJURY 5 6% 
FRACTURE 2 2% 

LACERATION 2 2% 
UNKNOWN 2 2% 

DISLOCATION 1 1% 
OTHER 1 1% 
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Table n" 8.3 Iniurv Loctnion 1997 Pvrit)d 

Chapter 8 

LOWER LEG i 8"'o 
KNEE 13 15% 

HAMSTRING 12 14% 
ANKLE 11 13% 
THIGH 8 10% 

PELVIS/GROIN 8 10% 
FOOT 4 5% 
TOE 3 4% 

VERTEBRAE 3 4% 
BACK 2 2% 

FINGER 1 1% 
HIP 1 1% 

ABDOMEN I I% 
SHOULDER I I% 

NECK 1 1% 
HAND - - 

UPPER ARM - - 
CHEST - - 
OTHER - - 

Period o Database I 
Injured Side LEFT RIGHT Not Applicable 
N' of Injuries 44 37 3 
Percentage of Injuries 52%(54%) 44% 4% 
(corrected) (46%) 

8.1.1.3 Incidence of Re-iniurv 

Of the 84 injuries, 11% were re-injuries (Table n' 8.5); most often to the lower leg 

(33%) and hamstring (33%). Seven of the re-injuries occurred I-6 months after 

the first injury and two occurred 6- 12 months after (Figure n' 83). 

Ttible n' 85 %'umber of'Re-Iniuries in 1996'199" Period 
OFF, 

I, Injury 
2 nd Iniury 23 5 21.74% of 2"' injuries 
3 rd Injury 12 - - 
4'h Injury 7 3 42.86% of 0 injuries 

1 

5 th injUry I I 100% of 5 Ih injuries 
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Figure n"83 Distribution oflnjuries (19961997) by Injury Number andMonth 
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8.1.1.4 Team and Player Position Factor Analysis 

From the 84 injuries, players in the First team incurred 35 injuries, players in the 
Reserve team II and Youth team players 38. The distribution of injury by 

position is shown in Table n' 8.6. The injury rate percentage relative to position 
in relation to a 1: 4: 4: 2 fonmtion of players is illustrated in Figure n" 84. This 

provides evidence of no significant difference (Chi square) in the distribution 

among different player positions. 

Tahli, n" 86 Disirihii1ion "f'lniijrv hv Pavifitm f; )r I QQAIIQQ' Piri,, )il 

3M 

Defendcr 31 10 7 14 
Midfield 30 14 3 13 
Forward 20 10 - 10 
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Figure n' 84 Pie Chart Illustrating Injury Rate Relative to Position 

PERCENTAGE RELATIVE INJURY RATE TO POSITION IN RELA11ON 
TO A 1: 4: 4: 2 FORMATION FOR 199611997 DATABASE PERIOD 
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Table n" 8.7(a), (b), (c), (d) detail the location of injury by position. As shown, 

the most frequent injury to a defender was to the lower leg (19%), midfield to the 

hamstring (22%) and knee (22%) and to a forward player the ankle (33%). 

Table n'S -, ', 
, o7 ofhjýuries in ', ,I-! 99- Pc: ", ý, 

cm -yes 

LOWLR LLG 6 19% 
PELVIS 5 16% 
KNEE 3 10% 

HAMSTRING 3 10% 
ANKLE/TOE/THIGH/F30T/ 

VERTEBRAE 
2 6.5% 

HIP/SHOULDERiNFCK/BACK 1 3.125% 

Table n' ý -- "', -,: 17 ol'Iniuries in Aliii'', ' ý' "', - ý. , 1996/1997 Period 

I 

IAMS I Ki NG 7 22% KNEE 7 22% 
LOWER LEG 5 16% 

THIGH 4 12.5% 
ANKLE 3 9.25% 
PELVIS 3 9.25% 

FOOT/ABDOMEN/TOE 1 3% 

125 



M. W. FaithfW 

Table no S. -(c) Tocalion offni'llries in ForwariA 1990 1997 Piri", l 

Chapter 8 

330 
LOWER LEG 3 16.5% 

KNEE 3 16.5% 
THIGH 2 11% 

14AMSTRING 2 11% 
BACK/FOOT 1 6% 

Tahlc n"S -(d) I. oc, alm7 ol'b7ittriev in (; ()(t/kcct)cvý 1096'1997 Period 
-. # Jim 

33.3% 
FINGER 1 33.3% 

LOWER LEG 1 33.3% 

&1.1.5 Activity at Time of Iniurv 

A total of 58% of injuries were incurred during matches and 42% in training 

sessions (Table n' 8.8). In 32 (37%) cases, the injured player did not continue to 

take part in the activity. The activity at time of injury was running in 44% and 

tackling in 37% of cases (Figure n' 85). 

Table n' 8.8 Distribution of Lqjuries between Matches and TrainiL7g 199611997 
Period 

35 (420o) 49 (Wý/o) 

FIRST TEAM 10(30%) 25 (70'/o) 
RESERVE TE4 M 5(45%) 6(55%) 

YOUTH TEAM 20(52%) 18(47%) 
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Figziren'85Pie (hart Illustratimý A ctivill'al Time 01'Iýliliri. (11triý7. (Y 1()9ö 

ACTIVITY AT TINE OF INJURY 
13% 

When injury occurred in a match situation, incidence was evenly distributed 

between the first and second half of the match (Table n' 8.9). 

Table n' 8.9 Distribution of Iniuries between First and Second Half of Matc 
/99- 
W 

CL" 22 (45%) 27 (55%) 
FIRST TEAM 10 (40%) 15 (60'/o) 
RESERVE TE4 M 2 (33) 4 (670/o) 
YOUTH TEAM 10 (50%) 8 (44%) 

8.1.1.6 Miscellaneous Iniurv Factors 

Day and time of injury, along with field surface and weather conditions were 

recorded and the results are displayed in Table n's 8.10,8.11,8.12 and 8.13. 

Tiihh, "" 8 10 I)Výlrlhulion o/ Iniuries bv Dav oflVeek over 1996 199- Period 

Alo %I! 1 12 14", o 
TUESDA Y 7 8% 

WEDNESDA Y 8 10% 
THURSDA Y 12 14% 

FRIDA Y 13 15.5% 
SA TURDA Y 28 33.5% 

SUNDAY 0 - 
NOTRECORDED 4 5% 
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Peaks of injury incidence occur on Saturdays; when the majority of league 

matches are played and at time periods between 9arn and l2prn when training is 

usually executed and 3pm and 6pm the time of aftemoon matches. 

Tahle n' 911 Dl--ý I- hi, Time ol'[',, -l --ý- . 
7996/1997 Period 

M 

6am - 9aim 2 2% 
9am - 12pm 33 39% 
12pm - 3pm 5 6% 
3pm - 6pm 30 36% 
6pm - 9pm 8 10% 
9pM - 12am 2 2% 

Unknown 4 5% 

Playing conditions at the time of injury were in the main dry (65% clear weather 

and 56% dry field surface). 

DRY 47 56% 
WETIMUD 31 37% 
FROZEN 1 1% 

UNKNOWN 5 6% 

CLEARICLOUDY 55 65% 
RAIN 22 26% 
SNOW 3 4% 

UNKNOWN 4 5% 

8.1.2 The 1997 - 1998 FootbaH Season 

During this second period, a total of 39 players were at risk of injury. This was 

made up of 25 First and Reserve squad players and 14 Youth team players. 

8.1.2.1 Incidence of Iniury 

From the population at risk 12 (3 1 %) players remained uninjured throughout the 

period and the remaining 27 (69%) incurred 50 injuries (Table n' 8.14). 
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Table n' 8.14 Distribution ofIniun, in Povulation al Risk for 199711998 Period 
Teant and Conifition 
Club Players - Uninjured 

Number qfP1q), ers 
12 

Percentiýgt, (! f Pligers 
31% 

FirstlReserve Players - Uninjured 7 13% 
Youth Players - Uninjured 5 18% 
Club Players - Injured 27 69% 
FirstlReserve Players - Injured 18 46% 
Youth Players - Injured 

-9 
23% 

The incidence of injury for the individual player was 1.51 injuries per 1000 hours 

of football; 4.04 injuries per 1000 match hours and 0.78 injuries per 1000 training 
hours. This gave an incidence of one injury occurring every 4.23 matches and 
every II training sessions for the population. The full details of injury incidence 

are presented in Table n' 8.15(a), (b), (c) and (d). 

/199H 

NUMBER OFPLA YERSA TRISA 39 Players 
LENGTH OFSTUDY PERIOD II months 

NUMBER OF PLA YERS INJURED 27 
NUMBER OF INJURIES 50 

Table n"N. 1-50) Ovcrul/ InjurvIv, '- 1he 199 - 1998 Period 

Cl. UR A NP TEý= 
&, 

Eý41.1, INCIDENCE OF INJUR Y 
r (I I MK) HOL IRS f fiw each plqvcrý 

INCIDENCE Of'/, NJI'R) (, 7: 7u) 1.51 injuries /1000 hours 
INCIDENCE OF MA TCH INJUR Y (club) 4.04 injuries /1000 match hours 

INCIDENCE OF TRAINING INJURY (club) 0.78 injuries / 1000 training hours 

FIRSTIRESERVESQUAD 1.86 injuries / 1000 hours 
rý YOUTH TEAM 1.3 injuries /1000 hours 

/JR. Sl RVA IRI.. . ...... 1000niatchhours 
YOUTH TE4M 10.58 injuries /1000 match hours 
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or this period is shown in Pigiire n" This shows The periodicity of injury fS6. 

peaks of incidence at the start of pre-season training and the competitive season, 

then again in February and over the Easter period and end of season in April. For 

the Youth tean-4 peaks are seen at the beginning and end of the competitive season 

and for the First/Reserve squad peaks of incidence are evident at the afore 

mentioned times. Team injury distribution over period 2 is depicted in Pigure n' 
87. 

Figure n' 86 Periodicity ofh? lurv for 199 7`1998 Period of Database 

PERIODICITY OF INJURY FOR 1997/1998 PERIOD 
rID 

z 

z tu1 5 0ý < 

The total number of injuries incurred by the First/Reserve team players was 37 

(74%), with the youth team incurring the remaining 26% of injuries. 
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Iý'igurc n" 8 7/ I'criodicitv of Injurv by Tcam /097 1998 Pcriod 

PERIODICITY OF INJURY BY TEAM FOR 1997/1998 PERIOD OF 
71 DATABASE 
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Chapter 8 

0 Youth Team 
MONTH EI st Team/R 

8.1.2.2 Type and Location of Iniury 

Of the 50 injuries, 62% were strains and sprains (Table n' 8.16) with injury most 
frequently to the knee (26%), ankle (18%) and hwnstring (12%). The full details 

of injury location are in Table n' 8.17. 

The side affected by injury was one and a half times more Uely to be the right 

than the left, with 62.5% of injuries (that can be attributed to a side) incurred on 

the right side and 37.5% on the left (Table n' 8.18). 

Tahle n' 8.16 Tvne ollniiirv b7cm-rc(l orcr Ilic 199711998 Pcriod 

m 

STRAIN 
ýo 4W, o 

SPRAIN 11 22% 

CONTUSION 6 12% 

ABRASION 1 2% 

OVERUSE INJURY - - 
FRACTURE - - 

LACERATION 3 6% 

UNKNOWN - - 
DISLOCATION - - 

OTHER 9 18% 

131 



M. W. Faithful 

Table n' 8.17 Iniurv Loce i,;, ý 1, ,ý1 -ý, -ý1!,, 7 () Q-IQ () Y Period 

Chapter 8 

7 

LOWER LEG R EG 3 6% 
KN EE 13 26% 

HAMSTRING 6 12% 
ANKLE 9 18% 
THICH 3 6% 

PELVIS/GROIN 3 6% 
FOOT 2 4% 
TOE 1 2% 

VERTEBRAE - - 
BACK 

FINGER - 
HIP 2 4% 

ABDOMEN - - 
SHOULDER 1 2% 

NECK - - 
HAND 1 2% 

UPPER ARM 1 2% 
CHEST 1 2% 
OTHER 4 8% 

199711998 Period 
Injured SiTem LEFF RIGHT Not Applicable_ 
N* of Injuries 15 25 10 
Percentage of Injuries 30%(37.5%) 50%(62.5%) 20% 

8.1.2.3 Incidence of Re-iniurv 

Only one injury of the fifty was a re-injury. However 8% of players incurred up 

to four injuries in the course of the season as presented in Table n' 8.19 and 

Figure n' 88. 

Tahlen' 8.19 A';. i, 1,,, 1-1 Injuriesam! ll,, TýIcnce of Re-inj'.,, - `00- 1998 Period 

I' Injury 26 52% 
F Iniury 16 32% 

Iniury 4 8% 
Injury 4 8% 
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Figure n" 88 I)istribution ol'Injurics (199 7 1998) by Inlury Number and Month 

DISTRIBUTION OF INJURY NUMBER BY MONTH 1997/1998 PERIOD 

4. 

ýD 4 

8.1.2.4 Time Lost due to Iniurv 

MI st Injury 

0 2nd Injury 

13 3 rd Injury 
M4th Injury 

Table n' 8.20 shows the amount of time lost due to injury; 36% of injuries 

requiring treatment for up to two months. 

ianten 0. -'UIIMeLO, ýlauciainlury iyyl-iyyci-erio a 
l"[l, 

3-7DAYS 
ffmmLwfffvmm 

6 12% 
8-14DAYS 10 20% 
15 - 21 DAYS 8 16% 
22-28DAYS 5 10% 
I-2 MONTHS 18 36% 

2 MONTHS OR LONGER 3 6% 

8.1.2.5 Training Vs Match Incidence 

A total of 60% of injuries occurred during match situations, the remaining 40% 

during training sessions. The distribution by team is shown in Table n* 8.21. 

T, 7h/p n' 8 ?1 I)wribution offnim-l'over Trainim-, aml Ifulch Situations 

Oub 20 (4W'o) 30(60%) 
FirstlReserve Team 15 22 

Youth Team 5 8 
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8.1.2.6 Miscellaneous Inourv Factors 

Chapter 8 

Day and time of injury are presented in Table n" 8.22 and 8.23 respectively. 

Saturday was the most frequent day of injury (26%) and time of injury is evenly 

distributed between morning 9am and 12pm (46%) and aftemoon/evening 3pm to 

9pm (44%). 

Table n" 8.22 Distribution of"Iniuries bE Day ")97/1998 Peri,,: 

Dtq 
MONDA Y 

Number (. I-'l 
199711998 

1 
pm 

4 

entage of in 
97/1998 

11 m; 
pem 

8% 
TUESDA Y 12 24% 

WEDNESDA Y 6 12% 
THURSDA Y 5 10% 

FRIDA Y 5 10% 
SATURDAY 13 26% 

SUNDAY 4% 
NOTRECORDED 3 6% 

Tahle n' 8.23 Distrihi,!.;, -,,,, I l, -',. --iesbv Timc -1 "--, - '99711998 Period 
FIR- ZME, 

6am - 9am 
9am - 12pm 23 46% 
12pm - 3pm 1 2% 
3pm - 6pm 11 22% 
6pm - 9pm 11 22% 
9pm - 12am - - 
Unknown 4 8% 
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8.2 ATHLETIC PERFORMANCE RESULTS 

Twenty subjects (Table if 8.24) were tested on four separate occasions: 

I" Session: Untaped and Taped (before training) 

2'd Session: Untaped. and Taped (before training) 
P Session: Untaped and Taped (before training) 

4tb Session: After proprioceptive training (untaped) 

Chaptcr 8 

For each condition, the subject undertook two trials of each of the four athletic 

performance tests, the mean of the two trials giving a value for that session. The 

session values were then averaged, the mean results are presented in Table n" 
8.25 to 8.28. 
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Table n", y "I 'ýiibicct Int6rmwim, 6-Alhletic Pc, -ýo, -,,? anve Tvoý 

Chapter 8 

MUD: 
17 years 5116 in 62 kg LEFT 

167.74 cm 9 st 8 lb MIDFIELD 
2 19 years 5 Il II in 68 kg LEFT BACK 

180.34 cm 10 st 10 lb 
3 17 years 6 ft 74 kg CENTREBACK 

182.88 cm 11 st7lb 
4 16 years 5 ll 6 in 60 kg LEFT BACK 

167.74 cm 9 st 7 lb 
5 17 years 5 Il II in 79 kg MIDFIELD 

180.34 cm 12 st 4 lb 
6 20 years 5 Il 10 in 75 kg CENTRE 

177.80 cm II st 10 lb FORWARD 
7 16 years 5 ft II in 68 kg CENTRE 

180.34 cm 10 st 10 lb MIDFIELD 
8 17 years 5 ft 7 in 64.9 kg CENTREBACK 

170.24 cm 10 st 2 lb 
9 16 years 6 11 75.3 kg CENTREBACK 

182.88 cm II st 12 lb 
10 16 years 6 11 74 kg GOALKEEPER 

188.88 cm 11 st7lb 
It 19 years 611 82.5 kg LEFT 

182.88 cm 13 st MIDFIELD 
12 18 years 6 ft 2 in 83 kg GOALKEEPER 

187.96 cm 13 st I lb 
13 17 years 5 ft II in 73 kg CENTRE HALF 

180.34 cm II st 5 lb 
14 17 years 5 ft 11 in 70 kg BACK 

180.34 cm II st 
15 16 years 5 1111 in 66 kg CENTRE HALF 

180.34 cm 10 st 6 lb 
16 18 years 5 Il 7 in 72 kg MIDFIELD 

170.24 cm 
-- 

II st 5 lb 
17 18 years 

7 5 Il II in 68.9 kg MIDFIELD 
180.34 cm 10 st 12 lb 

18 17 years 6 ft 72 kg RIGHT 
182.88 cm II st 3 lb FORWARD 

19 17 years 5 ft II in 77 kg CENTRE 
180.34 cm 12 st I lb FORWARD 

20 17 years 51111 in 71.6 kg CENTRE 

1 1 180.34 cm II st 4 lb FORWARD 
I MEAN 1 17.25 yea s 79.26 cm 71.81 kg 

8.2.1 Descriptive Statistics on Performance Tests 

The results of the four performance tests of vertical jump, broad jump, sprint run 

and shuttle run were analysed statistically in several ways to obtain the most 

useful information from the data. 

Subject means, and overall mean and standard deviation values for the tests are 

presented in Table n" 8.25 to 8.28. 
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Boxplot graphs of the four performance tests illustrate the distribution of values 

across the three test conditions of Untaped or Untrained, Taped and 
Proprioceptively Trained. For each performance test, the boxplots show the 

results of the three test conditions separately, but plotted side by side for 

comparison. In the boxplot, the box itself represents that portion of the 

distribution falling between the 25th and 75 1h percentiles. The horizontal line 

across the interior of the box represents the median. The vertical lines outside the 

box (whiskers) connect the largest and smallest values that are not categorised as 

outliers or extreme values. A boxplot outlier (o) is defined as a value more than 

1.5 box-lengths away from the box. The boxplots are displayed in Figure it" 89 

to 812. 

I, I igure n' 89 Boxplot Representation qI'Vertical Jump Peýlbrmance lest Results 

Comparing the three Testing Conditions of Untrained/Untoped, Taped and Trained. 
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UT 
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Figure n" 810 Boxplot Representation ol'Broad Jump Peýlbrmance Test Results 

Comparing the three Testing Conditions of Untrained/Untaped, Taped and Trained 

21 
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Figure n" 811 Boxplot Representation (ýI'Sprint Run Peýfbrmance Test Resulls 

Comparing the three Testing Conditions of Untrained'Untaped, Taped and Trained 
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Eigure n" 812 Boxplot Representation ol',, 'Yhuttle Run Peý16rmance Test Resulls 

Comparing the three Testing Conditions of UntrainedlUntaped, Taped and Trained 

5. 

4 

I: 
4.5 1 

4. A 
UNTýPED T 

UNTRAINED 
T 

Analysis of the data by ANOVA (Analysis of Variance) with repeated measures 

on the independent variable of testing condition: Untaped/Untrained, Taped and 
Trained and t-tests for paired samples indicated that neither taping nor 

proprioceptive training of the ankle significantly affected performance of any of 

the four tests. 

Vertical Jump F(2,3 8) = 3.5 3p=0.039 
(Epsilon corrected Greenhouse-Geisser p=0.063) 

Broad Jump F(2,38) = 0.25 p=0.779 
(Epsilon corrected Greenhouse- Geisser p=0.653) 

Sprint Run F(2,3 8) = 0.17 p=0.843 
(Epsilon corrected Greenhouse-Geisser p=0.697) 

Shuttle Run F(2,38) = 1.28 p=0.289 
(Epsilon corrected Greenhouse-Geisser p=0.289) 
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8.2.2 Confidence Intervals and Sienificance for Performance Tests 

Chapter 8 

The 95% Confidence Intervals obtained from the paired samples t-tests are 

outlined in Table n' 8.29 and 8.30. These intervals represent, with 95% 

confidence, differences in performance caused by test day (Trials 1,2 and 3 in the 

Untaped and Taping groups) and trials within the test day (for the Trained group) 

and taping or proprioceptive training. 

Table n' 8.29 Ninely Five Percent Confidence Intervals Representin Chawes in 
Performance Caused bv Test Dav mi Tca Condition 

Mal I Vv Trial 2 - 1.319 to 2.10, / 0.6, io 1.0, 1.499 to ý0.201 
p-value = 0.616 p-value = 0.833 p-value ý () ý () 

I -) 
Trial I Vs Trial 3 -3.237 to 1.855 -3.237 to 0.687 -0.899 to -0.699 

p-value = 0.502 p-value = 0.190 p-value = 0.796 
Trial 2 Vs Trial 3 

I 

-3.233 to 0.583 -3.257 to 0.507 -0.200 to 1.700 
r- v, due - 0.162- p-rahic - 0.14', p-ralue - 0.115 

17M7M7 
Mal I Vý I rial 7 to 7.36-, 124 to 2.724 

p-value = () ()()X p-value = 0.2 10 p-value = 0.888 
Trial I Vs Trial 3 1.653 to 6.297 4.676 to 2.101 -7.821 to 6.721 

p-value = () - p-value = 0.436 p-value = 0.876 
Trial 2 Vs Dial 3 -3.523 to 2.823 -3.059 to 4.709 -8.136 to 7.436 

RIN I'RIIN 
P-value = 0.9? () 1 

li I 
p-výdiw A 66" L? -value = 0.926 

jjjjb SP Untaped n 'JE oriweptiveýv 
ýrained 

Trial I Vs Trial 2 -0.191 to 0.03 
-ý -O. o37 to u. u38 -0.055 to 0.069 

p-value = 0.158 p-value = 0.978 p-value = 0.816 
Tr ial I Vs Tfial 3 -0.084 to -0.0 17 -0.168 to 0.041 -0.070 to 0.067 

p-value = 0000 p-value = 0.217 p-value = 0.964 
Trial 2 Vs Trial 3 -0.083 to 0.140 -0.175 to 0.047 -0.037 to 0.020 

p-value - 0.6 0.2-14 v value 0.536 

Trial I Vs Trial 2 -0.026 to 0.0o, -O. U-") to 0.0-iO -o. 070 to 0.0 19 

p-value = 0.363 p-value = 0.822 p-value = 0.249 
Trial I Vs Trial 3 -0.131 to 0.079 -0.148 to 0.054 -0.046 to 0.024 

p-value = 0.610 p-value = 0.343 p-value = 0.524 
Trial 2 Vs Trial 3 -0.151 to 0.058 -0.154 to 0.053 -0.0 11 to 0.040 

I p-value = 0.362 1 p-value = 0.320 1 p-value = 0.246 1 

From Table n' 8.29, significance (p < 0.05) can be seen between trials for; 

Vertical Jump Trained p=0.013(Trial 1&2) 

Broad Jump Untaped/Untrained p=0.08 (Days 1 &2) 

p=0.002 (Days 1 &3) 

Sprint Run Untaped/Untrained p=0.006 (Days 1 &3) 
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Table n' 8.30 Ninety Five Percent Confidence Intervals Rgpresentir? Cha es i g W, 
Jition 

J(m ro 

Unlaped Vs -0.040 to 1.320 -0.142 to 2.742 -0.074 to 0.050 -0.040 to 0.0 11 
Taped p-value = 0.063 p-value = 0.074 p-value = 0.689 p-value = 0.246 

Untrained Vs -0.028 to 0.958 -3.849 to 5.749 -0.031 to 0.0 12 -0.0 15 to 0.0 12 
Trained p-value = 0.063 p-value = 0.683 p-value = 0.375 p-value = 0.824 

Taped Vs -0.506 to 0.156 -5.076 to 4.376 -0.041 to 0.046 
1 

-0.009 to 0.035 
Trained p-value = 0.282 , p-value = 0.878 p-value = 0.905 p-value = 0.224 

From Table 8.30, it can be seen that no test condition significantly affected 

performance (p < 0.05). However, values for Vertical Jump, Taped and Trained 

show a significance (p < 0.1) of p=0.063. Broad Jump performance Taped 

also shows a significance (p < 0.1) of p=0.074, thus the results have a 

confidence of approximately 92.5% that they are not due to chance. 

8.2.3 Correlation and Reliability for Performance Tests 

Test-retest reliability was performed on the data for all of the performance tests 

using Pearson's correlation coefficient to check for repeatability of results within 

trials. Correlation was also examined between test conditions to investigate for 

significant differences. 

For Vertical Jump perforniance, correlation between test conditions and between 

trials was high Table n' 8.31. 

Table n' 8.31 Pearson Correlation Coefficients for Between Condition and 
Ri, tween Triah; on Verhal luml, 

UNTAPED Vs FIIPED s p TIA -IJ 'pf 

77 ! 

L'D ý$ T '41] D 0.97 
NTA DF 

jN 
D Vs TRAINED E 

;4 
A R TAV 

ý4 
sT V S T ý 0.98 

: 

A TTs _ V IAV 7D Vs TRA LVED RA A FL V. 7ED 0.99 i 
j 

UNTAPEDI 
UNTRAINED 

TAPED PROPRIOCEPTIVEL Y 
TRAINED 

TRIAL I Vs TRIAL 2 0.84 0.94 0.98 

TRIAL I Vs TRIAL 3 0.66,1) o, oo, 0.76 0.96 

TRIAL 2 Vs TRIAL 3 0.87 0.79 0.95 
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Correlations between test conditions for Broad Jump were variable from high 

correlation between Untaped and Taped r=0.97 to moderate between 

Untaped/Untrained and Trained and Taped and Trained r=0.56, p=0.011 and 

r=0.49, p=0.03 respectively. The between trial correlations were high, with 
the exception of Trial I Vs Trial 3 and Trial 2 Vs Trial 3 after proprioceptive 
training with r=0.07, p=0.758 and r=0.103, p=0.67 respectively (Table n' 
8.32). 

Table n' 8.32 Pearson Correlation Coefficients for Between Condition and 
Rt, lween Trials on Broad Jumn Perfi)rmanve 

BETH EE: N'('O. N'1)1110N 
UNTAPED s PED 

P earson 's Co 
0.97 

rrehition 

UNTRAINED Vs TRAINED 0.56,1) Ol I 
TAPED Vs TRAINED 0.49,,, 0" wm 

UNTAPEDI 
UNTRAINED 

TAPED PROPRIOCEPTIVEL Y 
TRAINED 

TRIAL I Vs TRIAL 2 0.87 0.80 0.87 
TRIAL I Vv TRIAL 3 0.94 0.84 0.07,1, Q 
TRIAL 2 Vs TRIAL 3 0.87 0.78 0.10,1) 0.0- 

Sprint Run correlations were high between test conditions, but showed some 

moderate to low correlations between trials as depicted in Table n' 8.33. 

Table n' 8.33 Pearson Correlation Coefficients for Between Condition and 
Retween Trials on Spritit Rim P, ý:, 

BETWEEN CONDI Tlý 
UNTAPED Vs T, IPED 

Pearson's Correltifion 
0.80 

UNTRAINED Vv TRAINED 0.98 
TAPED Vs TRAINED 0.99 

MATS UNTAPED/ 
UNTRAINED 

TAPED PROPRIOCEPTIVEL y 
TRAINED 

TRIAL I Vs TRIAL 2 0.58, p (/ -', 0.93 0.81 
TRIAL I Vs TRIAL 3 0.95 

1 

0.48, 
1) 0, 

0.73 

TRIAL 2 Vs TRIAL 3 0.56, po wo 
1l 

0.43, 
pQ 06 

0.96 
11 

Shuttle Run correlations were also high between conditions and again showed 

variable correlations between trials (Table n' 8.34). 
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Table n' 8.34 Pearson Correlation Coefficients for Between Condition and 
Between 1rials on Shuttle 

BETWEEN CONDITION 

s 

Run Perlormance 
P ettr%oit'. s Co rrelation 

UNTRAINED Vs TRAINED 0.98 
TAPED Vs TR41NED 0.95 im 

UNTAPEDI 
UNTRAINED 

TAPED PROPRIOCEPTIVELY 
TRAINED 

TRIAL I Vs TRIAL 2 0.77 0.89 0.77 
TRIAL I Vs TRIAL 3 0.36,12-i 0.48, 

,pQ 01 
0.85 

TRIAL 2 Vs TRIAL 3 0.34,1, 0.46 
p 044 

0.93 

Fignre n"' 813 to SIO illustrate the correlations between the tests by means of 

scatterplots depicting the close correlations in performance tests of vertical jump, 

sprint run and shuttle run, with low correlations between conditions for broad 

jump performance. 

Figure n" 8 13 Scatterplot fi)r f 'ertical Jump Pcýfiwmancc 
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Figure n" 814Scatterplot for Broad Jump Peqbrmance 
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Figure n" 816 Scalterplol. lbrShulde Run Peýlbrmance 

Shutde Run Times fbr Taped and Trained versus Untaped/Untrained 

8.2.4 Percentage Difference in Performance for Performance Tests 

Chapter 8 

Evaluating the percentage difference in performance for the test conditions shows 

an overall decrease in performance (Table n' 8.35). Range 0.19% [Sprint Run 

(Untrained Vs Trained)] to 1.46% [Vertical Jump (Untrained Vs Taped)]. By 

contrast, a slight increase in performance is seen comparing taping to 

proprioceptive training. This ranges from 0.17% (Broad Jump) to 0.8% 

(Vertical Jump). 

Table n' 8.35 Percentgge Difference in Athletic PerLormance for Pe! flormance 
Tesis with Chan-vint, ComIltion 

Elm, 

VERTICAL JUMP I. i () "o Deký I caý-, c ki. oo ", ý Decrea.,. c u. 8 '/'o Increase 

BROAD JUMP 0.64 % Decrease 0.47 % Decrease 0.17 % Increase 
SPRINTRUN 0.38 % Decrease 0.19 % Decrease 0.19 % Increase 
SHUTTLERUN 0.21 % Decrease 0% Difference 0.21 % Increase 

8.2.5 Statistical Effect of Position on Athletic Performance 

Results from the subjects were separated into their relevant playing positions as 

stated in Table n' 8.24 and the data was analysed by paired samples t-test with 

groups of forward, midfield and back positions. 
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The analysis revealed statistical significance (p < 0.05) in the Broad Jump test 

data between forward and midfield positions in the taped condition; p=0.041 for 

a 95% confidence interval of 0.03 2 to 1.0 11. 

Within the positions there was statistical significance (p < 0.05) for midfield 

players in the Vertical Jump test and for forward players in the Shuttle Run test. 

These are presented in Table n' 8.36. 

/lilt's 

L 

MIDFIELD Vertical Jump Untaped Vs 11 0.009 0.272 to 1.185 
Taped 

MIDFIELD Vertical Jump Untrained Vs P=0.041 0.032 to 1.0 11 I 
Trained 

FORWARD Shuttle Run Taped Vs P=0.046 -0.027 to 0.000 

I Trained I II 

8.2.6 Subiective Ouestionnaire Resufts on Tapine 

Subjective questionnaires (Appendix n' A4) were supplied to the subjects for 

feedback on how the taping 'felt' while performing the athletic performance tests. 

Of the twenty subjects, 36.8% did not think that the tape affected perfonnance. 

However, 10.5% thought that the tape enhanced their performance. With respect 

to restriction of movement 47.4% 'felt' that the taping restricted the natural 

movement of the ankle. 

The tape had an average comfort rating of 5.6 on a scale of increasing comfort 

from I to 10 with I being very uncomfortable and 10, very comfortable. The 

level of support had an average rating of 7.9 increasing from no support (1) to 

maximal support (10). Confidence of the subject while wearing the tape had an 

average rating of 7.8 again on a scale from no confidence (1) to very confident 

(10) whilst performing while taped. 

Only one subject from the 20 subjects tested, described skin irritation while 

wearing the tape. 
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8.3 POSTURAL STABILITY RESULTS 

All subjects completed the study protocol. During testing, several subjects lost 

their balance; at this point the trial was stopped and re-testing was conducted for 

that particular trial. 

The descriptive statistics of sway index, left/right sway, anterior/posterior sway, 

centre of balance -. i, and centre of balance y.. i, are presented in Table e 8.37 

to 8.41. 

To recapitulate the defffiitions of these descriptors; 

The Sway Index reflects the degree of scatter of data about the subject's centre of 
balance. The data from the force transducer measurements are interfaced with 

software that filters and samples the data at approximately 15 cycles per second, 

and the sway index is calculated by determining the distance from the subject's 

centre of balance for each of the data points. Overall, the sway index is a numeric 

value of the standard deviation of time and distance that a subject spends away 
from their centre of balance for the period of the trial. 

LefIlRight and AnleriorlPosterior Sway are the maximum movements in 

centimetres that the subject moves away from their centre of balance in the 
left/right and anterior/posterior directions respectively. 

COBX,,, d y are the average x and y co-ordinates plotted using 'normal" COB as a 

reference point, where 'normal' COB is the point between the feet where the ball 

and heel of each foot has 25% of the body weight in double-leg stance and the 

point in single-leg stance where the ball and heel of the foot has 50% of the body 

weight. 
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Table d 8.37 Sy! y Index (cm) Measuremenis across Groyps and Tesligg Conditions 

Eye 
'lit Open 

0.710 
1.080 

Closed 

1.260 
2.360 

n 

0.640 
I 

1.550 

C-losed 

1.490 
mom 

2.710 

Open 
= 

0.780 
1.320 

C-losed 

1.210 
2.360 

n 

0.570 
1.540 

Closed 

1.760 
2.520 

0.938 1.695 0.908 1.809 0.991 1.830 1.013 2.103 
0.115 0.323 0.238 0.337 0.207 0.368 0.340 0.233 
0.036 0.102 0.069 0.097 0.066 0.116 0.098 0.067 
0.856 
1.020 

0.540 
1.220 

1.464 
1.926 1 

1.390 
2.670 

0.756 
1.059 

0.690 
0 1.040 ý 

1.595 
2.024 

1.460 
330 2.330 
7 

0.843 
1.139 

1 
'0.600 
1.990 

1.567 
2.093 

1.390 
2.720 

0.798 
1.229 1 

0.530 
1.310 

1.956 
2.251 

1.700 
2.840 

0.935 1.736 A, j 8j 1 0. 43 909 1.909 0 0.985 2.174 0.872 2.150 
0.234 0.382 0.1 B 0. ý97 0.443 0.434 0.189 0.337 
0.074 0.121 0.034 0.086 0.140 0.137 0.055 0.096 
0.767 1.463 0.768 1.720 0.669 1.864 0.751 1.940 

0.730 1.780 
8 

0.610 0.91o 0.830 1.990 1.050 1.120 
0.522 0.899 0.470 0.702 0.568 0.980 0.618 0.891 
0.128 0.361 0.076 0.124 0.175 0.451 0.168 0.149 
0.040 0.114 0.022 022 0.036 0.055 0.143 0.049 0.043 
0.431 
0.613 

0.280 1 
0.740 

0.641 
1.157 

0.400 
1.190 

0.422 422 

0. 

0.518 518 

0.340 0.340 
0.900 

0.623 
0.781 

0.420 
0.660 

0.443 
0.693 

0.330 
0.820 

0.658 
1.302 

0.300 
1.320 

0.511 
0.725 

0.330 
1.080 

0.796 
0.986 

1 0.300 
0.950 

0.498 0.635 
m 

0.513 0.548 0.517 0.732 0.572 1 0.650 
0.138 0.257 0.192 0.086 0.176 0.227 0.228 0.222 

jr- 
-M, 

0.044 0.081 0.056 0.025 0.056 0.088 0.066 0.064 

0.399 
0.597 

1 0.451 
0.819 

0.390 
0.635 

0.494 
0.603 

0.391 
0.643 

0.534 
1 

0.930 
0.427 

1 0.716 
0.509 
0.791 

StD = Standard Deviation, SE = Standard Error, 95% CI = Ninety-five percent Confidence Interval 
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Table n" 8.38 LeftAR h Sway (cm) Measurements across Groups (md Testing Conditions I Swav 

E ye Y I Eyes Eyes Eyes Eyes Eyes Eyes -Yes Eyes 
, 017(fition Won Closed Open Closed Open Closed Open Closed 

1.810 3.130 2.060 4.460 1.880 3.060 1.560 4.130 
2.710 5.370 3.240 5.790 2.990 5.700 3.260 5.760 
2.184 4.159 2.534 4.832 2.497 4.620 2.546 5.066 
0.283 1 0.639 0.397 0.379 0.360 0.807 0.552 0.481 
0.089 0.202 0.115 0.110 0.114 0.255 1 0.159 0.139 
1.982 3.702 2.282 4.591 2.240 4.043 2.195 4.760 
2.386 4.616 2.787 5.073 2.752 5.198 2.897 5.372 

1.530 3.260 1.940 3.960 1.940 4.310 1.750 4.170 
3.480 6.130 30 3.700 

7 7 

2 6.440 4.050 6.630 2.990 6.330 
2.236 4.291 2 . 493 2.493 4.877 2.631 5.453 2.374 5.058 
0.608 0.819 0.492 0.651 0.573 0.742 0.379 0.596 
0.192 0.259 0.142 0.188 0.181 0.235 0.110 1 0.172 
1.801 3.706 2.181 4.463 2.221 4.922 2.133 4.679 4.679 
2.671 4.877 2.806 5.290 3.041 5.984 2.615 5.437 

0.560 0.950 - 
MEMN 
0.690 

llllwý 
0.940 

= 
0.820 1.050 1.000 1.380 

1.290 2.770 2.440 3.500 1.810 3.150 2.430 3.210 
0.923 1.710 1.368 2.138 1.202 2.125 1.519 2.079 
0.204 0.590 0.545 0.698 0.317 0.708 0.383 0.561 
0.065 0.187 0.157 0.202 0.100 0.224 0.111 0.162 
0,777 1.288 1.022 1.695 0.975 1 . 618 1.276 1.723 
1.069 2.132 1.715 2.582 1.429 2.632 1 1.763 2.436 

0.620 0.420 0.670 0. 560 0.460 0.450 0.630 0.630 
1.921 1.570 2.190 . 2.110 9.000 2.560 1.800 1.640 
1.130 0.849 1.156 1.300 1.702 1.375 1.087 1.110 
0.436 0.364 0.397 0.509 2.575 0.655 0.395 0.296 

IF-- 1 0.138 0.115 0.115 1 0.147 0.814 0.207 1 0.114_ 1 0.086 
Aiwkb d 0.819 0.589 904 0. 

1 

0.977 0.140 0.907 
1 

0.836 0.922 w 
1.442 1.109 1. 408 1.623 3.544 1.843 

1 
1.338 

1 
1.298 

StD ý Standard Deviation 
SE = Standard Error 
95% Cl = Ninety-five percent Confidence Interval 
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Table n" 8.39 AnteriorlPosterior Sjjý, u (Icm) Measurements across Groyps and Test 
Conditions 

wa y, TV . , 'F-F AYX 

9, ndition 
L) es 
Open 

2.460 
5.310 

Lý es 
Closed 

4.060 
11.910 

Lýes 
Open 

2.360 
7.590 

Eyes 
Closed 

4.700 
10.060 

L) es 
Open 

2.250 
5.380 

Lýes 
Closed 

3.950 
10.180 

Lyes 
Open 

1.940 
5.750 

Eyes 
C losed 

5.980 
9.900 

3.751 TOM 3.503 6.411 3.829 6.651 3.777 7.609 
0.833 2.467 1.367 1.814 1.004 1.711 1.411 1.162 
0.263 0.780 0.395 0.524 0.317 1 0.541 0.407 0.336 
3.155 
4.347 

1.870 
5.330 

5.239 
8.769 

4.970 
11.510 

2.635 
4.372 

2.440 
4.460 

5.259 
7.563 

4.800 
10.190 

3A I1 
4.547 

1.940 
6.090 

5.427 
7.875 

3.750 
11.080 

2.880 
4.673 

1.630 
4.870 

6.871 
8.348 

5.380 
9.590 

3.696 6.688 3.203 6.952 3.433 8.015 3.108 7.741 
1.073 2.047 0.722 1.752 1.347 2.142 0.741 1.377 
0.339 0.647 0.208 0.506 0.42; 0.677 0.214 0.397 
2.928 
4.464 

1.320 
3.380 

5.224 
8.153 

2.150 
7.150 

2.744 
3.661 
aurds 
1.060 
2.050 

I 

5.839 
8.065 

NILý 
1.310 
3.190 
7 

2.470 
4.396 

KIM= 
1.230 
3.090 

N 

6.483 
9.547 

1.960 
6.950 

2.637 
3.578 

1.500 
3.810 

6.866 
8.616 

2.100 
5.330 

2.224 3.380 1.675 2.453 ý 2.117 3.668 2.204 3.538 
0.715 1.575 0.290 r 0.566 0.717 1.544 0.662 0. %3 
0.226 0.498 0.084 0.163 0.227 0.488 0.191 0.278 
1.713 
'ý735 

2.253 
4.507 

1.491 
1.859 

2.093 
2.812 

1.604 
2.630 

2.563 1.784 2.9226 

1 11 1 '. 101 M, 
1.080 
3.000 

1.590 
4.180 

1-100 
3.560 )0 

1 
1.630 
3.130 

7 7 
1.180 
3.050 4.520 3.750 4.330 

2.071 2.632 
0 

1.8412 2.213 1.962 3.028 2.152 2.688 
0.632 0.994 0.678 1 0.457 0.607 0.907 0.752 0.975 
0.200 0.314 0.196 0.132 0.192 1 0.287 0.217 0.281 
1.619 
2.523 

1.921 
3.343 

1.411 
2.273 

1.923 
1 

2.504 
1.528 
2.396 

2.379 1 
3.677 

1.674 
2.630 

2.068 
3.307 

StD = Standard Deviation 
SE = Standard Error 
95% Cl = Ninety-five percent Confidence Interval 
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Table d 8.40 Centre of Balance (cm) Measurements across Groups and Tesligg 
Condilions 

Ey e 
Open 

-1.200 
0.700 

C losed 

-0.930 
0.400 

Open 
Wiffmi 

-1.900 
0.300 

C losed 

-1.400 
-0.050 

Open 

-1.500 
-0.300 

Closed 

-1.900 
0.200 

Open 

-0.870 
0.500 

C losed 

-0.800 
0600 

-0.003 -0.296 -0.799 -0.702 -0.874 -0.648 -0.381 -0.325 
0.596 0.434 0.709 0.373 0.358 0.573 0.350 0436 
0.188 0.137 1 0.205 -0.108 0.113 0.118 0.101 0.126 

-0 , 
429 

0.423 
1 

0.100 
1.170 

-0 606 1 
0. *0 14 

0.000 
1.530 

-1.250 
-0.349 

-1.100 
0.830 
11.00 
, 

00 
ý830 

-0.939 
-0.465 

1 

-0.600 
03 0.930 

0 
ý 

7 
-1.130 
-0.618 

-0.100 
0.700 

-1.058 
-0.238 

-0.900 
0.630 

-0.603 
-0.159 

-0.500 
0.900 

-0.602 
-0198 

-0.100 
0.700 

0.564 0.722 ) ). 011 
.011 -0.011 15 0.155 0.256 0.269 0.178 0.397 

0.365 0.533 0.516 0.495 0.251 0.454 0.395 0.227 

1 0.116 0.168 0.149 0.143 0* 143 0.079 1 0.079 0.144 1 0.114 0.080 
0.303 0.141 -0.339 

0.317 
-0.159 0,1 59 
0.409 0.409 

0.077 0.07 -0.056 -0.073 0.190 

0.700 0.800 
-0.500 
0.300 

-0.600 -0.600 
0.500 -0.130 0.600 0.000 0.500 

0.034 0.007 -0.117 -0.131 -0.309 -0.174 -0.392 
14336 

0.335 0.433 0.277 0.296 0.114 0.471 0.310 0.393 

0.106 0.137 0.080 0.086 0.036 0.149 0.089 0.114 

-0.205 
0.273 

-0.303 
0.317 

-0.293 
0.059 

-0 , 
319 

0.057 
1 

-0.390 
-0.228 

-0.516 
0.163 

-0.588 
-0.195 

-0.586 
-0.086 

0.800 
0.400 

-0.370 
0.500 

-0.900 
0.630 

-0.970 
0.200 
-0 - 970 
o 200 

7 7 -1.270 
-0.500 

-1.400 
-0.430 

-1.. 000 
0370 

-2.000 
0.300 

-0.201 -0.014 -0.336 0.442233 

- ý -0.900 -0.873 -0.242 -0.835 
0.392 0.292 0.428 17 f ,A 0.427 0.255 0.313 0.377 0.660 
0.124 0.092 1 0.124 0.123 0.081 0.099 0.110 0.191 

-0.481 
0.079 

-0223 
0. '195 

1 -0.608 
-0-064 

-0.694 
-0.151 

-1.082 
-0.718 

-1.097 

1 

-0.649 
-0.483 
-0.001 

-1.254 

1 

-0.416 

StD = Standard Deviation 
SE = Standard Error 
95% Cl = Ninety-five percent Confidence Interval 
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Tahle no 8.41 Centre o -)f 
'ance. p-axis (cm) Measuremenis across Groups and Testing 

Conditions 

Fi, e ýo-ed 

3.070 
1 

4.000 3.2(')0 
0.870 
2.800 3.000 

1 
3.100 2.800 3.700 

-0.067 1.595 1.911 1.993 0.816 1.310 1.609 2.013 
2.164 1.497 0.805 0.677 1.598 1.330 0.784 0.853 
0.684 0.473 0.232 0.196 0* 196 0.505 505 0 0.421 0.226 0.246 

-1.615 
-181 

.. 030 
3.670 

0.524 
2.666 

-0.530 
1.900 

1.400 
2.422 

0.500 
2.400 3 

1.563 
2.424 

-0.100 
3.030 

. -0.327 327 
1.959 1.959 

-1. ()oc 
3.570 
-1.000 
3.570 

0.359 
2.261 

0.000 
2.700 

1,111 
2.107 

0.070 
2.330 

1.471 
2.555 

0.300 
3.830 

1.224 1.274 5 1.595 1.598 1.45 1 1.451 1.277 1.394 -1.971 

1.430 0.767 0.619 0.995 1.621 0.908 0.797 1.315 
0.452 0.243 0.179 0.287 0.513 0.287 0.230 0.380 
0.201 
2.247 

-0.830 
4.100 
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8.3.1 Swav Index (cm) Measurement Resufts 

The values of postural sway as measured by the Sway Index (SI) ranged from 

0.53 to 2.84 cm and from 0.28 to 1.99 cm for single and double-leg stance 

respectively. The mean values are illustrated in Figure n" 817. 

Figure n' 817 Mean Sway Index Values (cm) for all Test Conditions by Stance Position 

Depiction of Sway Index (cm) by Stance Position; mean values 
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8.3.1.1 Mixed ANOVA Results for Sway Inde 

(Left) 

--W- Singlc4eg 
(Right) 
Double4cg 
(Naffow) 

--S- Doubic-leg 

The mixed analysis of variance revealed no overall significance between groups 

for SI. The ANOVA table for the analysis is presented in Table n' 8.42. 
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Table n'8.42 Analysis of Varitince for Xpeated Measures Mixed Model of Three Within 
and CMe Between Sithiect V, iriables fi)r Swar Intlex (cm) 

Within Cells 4.04 20 0.20 
Group 0.00 1 0.00 0.00 0.963 

Within SuAfect 
Within Cells 1.68 20 0.08 

EYE 1.63 1 1.63 19.45 0.000* 
Group x Eye 0.01 1 0.01 0.09 0.768 
Within Cells 2.59 20 0.13 

TEST 31.30 1 31.30 241.82 0.000* 
Group x Test 0.04 1 0.04 0.28 0.601 
Within Cells 4.59 60 0.08 
STANCE 53.77 3 17.92 234.21 0.000* 

Group x Stance 0.33 3 0.11 1.42 0.247 
Within Cells 0.66 20 07 
Eye x Test 0.46 1 0.46 13.97 0.001* 

Group x Eye x Test 0.01 1 0.01 0.41 0.532 
Within Cells 3.89 60 0.06 
Eye x Stance 0.24 3 0.08 1.24 0.302 

Group x Eye x Stance 0.26 3 0.09 1.31 0.281 
Within Cells 3.61 60 0.06 
Test x Stance 13.28 3 4.43 73.67 0.000* 

Group x Test x Stance 0.65 3 0.22 3.58 0.0 19* 
Within Cells 2.47 60 0.04 

Eye x Test x Stance 0.33 3 0.11 2.69 0.54 
Group x Eye x Test x Stance 0.11 3 0.04 0.87 0.463 

*denotes, P<0.05, therefore significant. 

Significant differences were seen within the eye, test and stance conditions and 

significant interaction was also seen in the Eye by Test, Test by Stance and Group 

by Test by Stance conditions. 

8.3.1.2 One-way Repeated Measure Analysis of Variance for Sway Index 

One-way analysis of variance between groups only revealed a significance 

between the two groups of taping and training in the condition of Taped versus 

Trained, single-leg stance (Left), eyes closed where F(1,20) = 4.4918 p= 0.0468. 
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8.3.1.3 Paired Samples West Analvsis of SWav Index 

Paired t-test analysis for within subject factors revealed significance in the taping 

group comparing Untaped and Taped conditions only in; 

Single-leg stance (Right), eyes closed; 

t= -3.16 df =9 p=0.012 95% Cl (-0.751 to -0.125). 

By comparison in the training group, comparing Untrained and Trained conditions 

revealed significance in both single-leg stance positions, eyes closed; 

Left leg t= -3.98 df =IIp=0.002 95% CI (4457 to -0.132) 
Right leg t= -2.49 df =IIp=0.030 95% Cl (4454 to -0.028) 

and in double-leg stance, narrow position, eyes open and closed; 

Eyes open t= -3.28 df =IIp=0.007 95% CI (-0.248 to -0.049) 
Eyes closed t= -3.31 df =IIp=0.007 95% CI (-0.315 to -0.063) 

8.3.1.4 Independent Samples West Analysis of Sway Index 

Independent Mests for between subject significance (taping group versus training 

group), reveals significance only in the Taped Vs Trained condition, single-leg 
(Left), eyes closed; 

Levene's test for equality of variances F=2.173 p=0.156 variances equal: 

t= -2.12 df = 20 p=0.047 SE = 0.129 95% Cl (-0.542 to -0.004). 

8.3.1.5 Analysis of Dependent Variables for Swav Index 

For the dependent variable of visual condition (eyes open versus eyes closed), in 

both groups significance in sway index was seen between the two conditions in all 

stance positions except for double-leg stance (Wide). This is illustrated in Figure 

if" 818 and 819. 
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Figure n"NIN Comparison ot f isual Condition on PosinralSlabilth, as Afeasured 

by Sway Index (cm). /br Taping Group Conditions 

Graph Comparing the Effect of Visual Condition on Sway Index (cm) for 
the Taping Group 
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Figure n' 819 Compan . son ql'Visual Condition Effýct on Postural Sway as Measured by 
Sway Index (cm). for Training Group Conditions 
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If the difference in sway between the eyes open and eyes closed visual condition 
is considered (calculated by subtracting the sway index (cm) measurement eyes 

open from that of eyes closed condition) t-test analysis shows significance only 

within subjects, right leg 

Untaped Vs Taped t= -2.6 df =9p=0.028 95% Cl (-0.724 to -0.052) 
Untrained Vs Trained t= -2.20 df =IIp=0.050 95% Cl (-0.425 to 0.000). 

No significant differences were found for Sl between groups. Figure it" 820 and 
821 illustrate the change (or difference between visual conditions) in postural 

sway as measured by the sway index with tape and after proprioceptive training. 

This is a measure of the effect of removing visual input on the proprioceptive 

system. 

Figure n" 820 Comparison ol'Postural Swa 
, v, as Measured by Sway Index (cm), lbr Taping 

Group Conditions 

Graph Illustrating the Change in Sway Index (cm) from Untaped to Taped 
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Eigure n' 821 Comparison of1lostural Sway as Measured by Sway Index (cm) for 
Training Group Conditions 

Graph Illustrating the Change in Sway Index (cm) from Untrained to 
1.4 - Trained Test Condition 

1.2 -W.................. 
.................... 

Single-leg (Left) 

Single-leg (Right) 
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0.2 

0 
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Test Condition Trained 

For the dependent variable of stance, significant differences between Sl of left and 

right legs occur only when Taped, eyes closed; 
SI (CM) t= -2.57 df =9p=0.03 95 % Cl (-0.647 to -0.041). 

For double-leg stance positions of narrow and wide, significant difference is seen 
in the training group both before and after training, eyes closed; 

Untrained t=3.21 df =IIp=0.008 95% CI (0.048 to 0.295) 
Trained t=3.15 df=ll P=0.009 95% Cl (0.072 to 0.409) 

When comparing single-leg stance to double-leg stance, significance is seen for 

all tests of sway index (cm). 
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8.3.2 Left/Ripht Swav (cm) Measurement Results 

The mean values of left/right (L/R) sway ranged from 1.53 to 6.63 cm and from 

0.42 to 9.00 cm for single and double-leg stance respectively. The mean values 

are illustrated in Figure it" 822. 

Eigure n' 822 Mean Lýft,, Right Sway Values (cm) for all Test Conditions by Stance 
Position 

Depiction of Left/Right Sway (cm) by Stance Position; mean values 
4.5 
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8.3.2.1 Mixed ANOVA Results for IJR Swav 

The analysis of variance revealed significance between groups for L/R sway. The 

ANOVA table for the analysis is presented in Table n' 8.43. 
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Table n' 8.43 Anahwis of Variance for Repeated Measures MixedModel opfThree Within 
and One Between Subiect ý ýiriables lbr LeftlRivaht Swav (cm) 

Source of Výiriafion Sam 1? /' Degree. v Mean (? f F-rahie p-value 
Square. v 4 Squares 

Freedom 
Between Subject -S 

Kth in Cells 4.75 20 0,74 
Group 3.63 1 3.63 4.92 0.038* 

Orithin ubject 
Kthin CeM 8.05 20 0.40 

EYE 4.07 1 4.07 10.11 0.005* 
Group x Eye 3.43 1 3.43 8.53 0.008* 
Within Cells 5.58 20 0.28 

TEST 169.10 1 169.10 605.82 0.000* 
Group x Test 0.08 1 0,08 0.30 0.592 
Kth in Cells 13.40 60 0.22 
STANCE 451.50 3 150.50 674.06 0.000* 

Group x SYance 1.58 3 0.53 2.36 0.080 
Within Cells 3.45 20 0.17 
Eye x Test 1.37 1 1.37 7,95 0.011* 

Group x Eye x Test 0.90 1 0.90 5.19 0.034* 
Within Cells 14.79 60 0.25 
Eye x Stance 1.77 3 0.59 2.40 0.077 

rom x Eye x Stance 0.90 3 0.30 1.21 0.313 
Within Cells 13.85 60 0.23 
Test x Stance 86.98 3 28.99 125.63 0.000* 

Group x Test x S(ance 0.87 3 0.29 1.25 0.299 
Kthin Cells 13,36 60 0.22 

Eye x Test x Stance 0.94 3 0.31 1.41 0.249 
Group x Eye x Test x Mance 0.64 3 0.21 0.96 0.418 

*denotes p<0.05, therefore significant. 

Significant differences were seen within Eye, Test and Stance conditions as well 

as significant interactions in; Group by Eye, Group by Eye by Test and Test by 

Stance conditions. 

8.3.2.2 One-way Repeated Measures ANOVA for L/R Sway 

One-way analysis of variance between groups for UR sway showed significant 

difference between Untaped and Untrained conditions as follows; 

Eyes open, left leg 
Eyes open, narrow position 
Eyes closed, left leg 
Eyes closed, wide position 

F(1,20) = 5.4832 p=0.0297 
F(1,20) = 5.9317 p=0.0244 
F(1,20) = 9.3946 p=0.0061 
F(1,20) = 5.4985 p=0.0295 
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and between Taped and Trained conditions; 
Eyes open, narrow position F(1,20) = 4.3543 p=0.0499 

8.3.2.3 Paired Samples Mest Analysis for L41R Sway 

Chapter 8 

Paired t-test analysis for within subject factors revealed significance in the taping 

group comparing Untaped and Taped conditions of; 

Single-leg (Left), eyes open 
t= -2.60 df =9p=0.029 

Single-leg (Right), eyes closed 
t=4.78 df=9 p=0.001 

Double-leg (Wide), eyes closed 
t= -2.40 df =9p=0.040 

95% Cl (-0.585 to -0.041) 

95% Cl (-1.712 to -0.612) 

95% Cl (-1.021 to -0.031) 

The training group, comparing Untrained and Trained conditions showed no 

significance between conditions. 

8.3.2.4 Independent Samples West Analysis of LIR Sway 

Independent Mests for between subject significance revealed significance between 

groups as follows; 

Untaped Vs Untrained, eyes open, single-leg (Left) 
Levene's test for equality of variance F 1.169 p=0.293 variances equal; 

t= -2.33 df = 20 p=0.03 SE 0.150 95% CI (-0.663 to -0.037) 

Untaped Vs Untrained, eyes closed, singlc-leg (Left) 

Levene's test for equality of variance F=1.8 61 p=0.18 8 variances equal; 

t= -3.07 df = 20 p=0.006 SE = 0119 95% CI (4.131 to -0.215) 

Untaped Vs Untrained, eyes open, double-leg (Narrow) 

Levene's test for equality of variance F=4.145 p=0.055 variances equal; 

t= -2.62 df = 14.52 p=0.020 SE=-0.170 95%Cl(-0.808to-0-083) 

Untaped Vs Untrained, eyes closed, double-leg (W. 'ide) 

Levene's test for equality of variance F=1.733 p=0.203 variances equal; 

t= -2.34 df = 20 p=0.029 SE=0.192 95% CI (-0.852 to -0.050) 
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Taped Vs Trained, eyes open, double-leg (Narrow) 

Levene's test for equality of variance F 0.230 p = 0.636 variances equal; 

t= -2.09 df = 20 p=0.050 SE 0.152 95% CI (-0.634 to 0.000). 

8.3.2.5 Analysis of Dependent Variables for UR Sway 

For the dependent variable of visual condition; eyes open versus eyes closed, in 

both groups significant differences in L/R sway were seen in all stance positions, 

with the exception of double-leg stance (Wide) as illustrated by 1, igure n"' 823 

and 8"4. 

PI igure n' 823 Comparison of Visual Condition Eýffect on Postural Stability as Measured 
by Lqft, Right Sway (cm) 

_for 
Taping Group Conditions 

Graph Comparing the Effect of Visual Condition on Uft/Right Sway (cm) 
for the Taping Group 
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Figure n" 824 Comparison oll'isual Condition E#ýct on Postural Sway as Measured by 
LeftlRight Sway (cm) for Training Group Conditions 
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If the difference in sway between the eyes open and eyes closed visual conditions 

is considered, t-test analysis shows significance only within-subjects, double-leg 

(Wide): 

Taped Vs Untaped t= -2.95 df =9 p=0.016 95%Cl(-1.350to-0.178) 

Figiire n"' 825 and 826 illustrate the change (or difference between visual 

conditions) in L/R sway taped and after proprioceptive training for all stance 

positions. 
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Figure n" 825 Comparison ol'I"ostural Sway as Measured b. i., Lefi Right SwaY (cm)., 6)r 
Taping Group Conditions 

Graph Illustrating the Change in Left/Right Sway (cm) from Untaped to 
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Figure n" 826 Comparison oflosturalSwav as Measured by Lefi Right Sway (cm) for 
Training Group Conditions 

Graph Illustrating the Change in Left/Right Sway (cm) from Untrained to 
3 Trained Test Condition 
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For the dependent variable of stance, significant dffTerences in LIR sway between 

left and right legs are only seen in the taping group when Taped, eyes closed; 
LIR (cm) t= -2/64 df =9p=0.027 95% CI (- 1.548 to -0.118) 

For double-leg stance positions of small versus wide, significant difference is seen 
in the training group, both before and after training, eyes closed and after training 

eyes open; 

Untrained, eyes closed 
t=5.56 df=ll p=0.000 

Trained, eyes closed 
t=-8.77 df=ll p=0.000 

Trained, eyes open 
t=3.19 df=ll P=0.009 

95% Cl (0.506 to 1.170) 

95% Cl (0.726 to 1.212) 

M Cl (0.134 to 0.73 1) 

When comparing single-leg stance to double-leg stance, significance is seen for 

all tests of LJR sway with the exception of single-leg to double-leg (Wide), eyes 

openjaped. 
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8.3.3 Anterior/Posterior Swav (cm) Results 

The values of anterior/posterior (A/P) sway ranged from 1.63 to 11.91 cm and 
1.06 to 7.15 cm for single and double-leg stance respectively. The mean values 

are illustrated in Figure n" 827. 

Figure n' 82 7 Mean AnteriorlPosterior Sway Values (cm) for all Test Conditions by 
Stance Position 

Depiction of Anterior/Posterior Sway (cm) by Stance Position; mean values 
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&3.3.1 Mixed ANOVA Results for A/P Swav 

--N- Double-leg 
(Wide) 

The analysis of variance revealed no significance between groups for A/P sway. 

The ANOVA table for the analysis is presented in Table n' 8.44. 
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Table n' 8.44 Analyvis ollariance fi)r Repeated Measures Mixed Model of Three Within 
and One Between Siihiect I'tiriables ti)r A nteriorlPosterior Swar ýcm) 

Source of'J"itriation Sum 1? /* Degrees Mean of F-value lp-ralue 
Squares of Squares 

F d ree om 
BeftwenSubject 

Mthin Cells 82 20 4,13 
Group 3. 1 3.22 0.78 0.388 

Mthin bject 
Within Cells 33.20 20 1.66 

EYE 11.59 1 11.59 6.98 0.016* 
Group x Eye 3.75 1 3.75 2.26 0.149 
Mahin Cells 34,32 20 1.72 

TEST 445.09 1 445.09 259.34 0.000* 
Group x Test 0.01 1 0.01 0.01 0.941 
With in Cells 102.42 60 1.71 

STANCE 711.68 3 237.23 138.97 0.000* 
Group x Stance 1.72 3 0.57 0.34 0.799 

Mthin CdIs 13.74 20 0.69 
Eye x Test 7.21 1 7.21 10.49 0.004* 

Group x Eye x Test 0.08 1 0.08 0.11 0.739 
FfIth in Cells 90.28 60 1.50 
Eye x Stance 0.58 3 0.19 0.13 0.942 

Group x Eye x Stance 3.73 3 1.24 0.83 0.485 
With in Cells 62.38 60 1.04 
Test x Siance 166.83 3 55.61 53.49 0.000* 

Group x Test x Stance 2.69 3 0.90 0.86 0.465 
Within CdLs 62.99 60 1.05 

Eye x Test xStance 3.38 3 1.13 1.07 0.368 
Group x Eye x Test x Stance 3.29 3 1.10 1.04 0.367 

*denotes p< 0.05, therefore significant. 

Significant differences were seen within Eye, Test and Stance conditions as 

expected. Also significant were; 

Eye by Test interaction F(1,20) = 10.49 p=0.004 

and Test by Stance interaction F(3,60) = 53.49 p=0.000. 

8.3.3.2 One-way Repeated Measures ANOVA for A/P Sway 

one-way analysis of variance between groups for AT sway showed significance 

in the Untaped. Vs Untrained comparison for double-leg (Narrow), eyes open 

condition only; F(1,20) = 5.9504 p=0.0242 
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8.3.3.3 Paired Samples West analvsis of Alf Sway 

Paired t-test analysis for within subject factors revealed no significance between 

conditions for the taping group. However, for the training group A/P sway 

significance was seen for conditions of; 

Single-leg stance (Left), eyes closed 
t= -2.52 df =IIp=0.028 95% CI (-2.245 to -0.152) 

Double-leg stance (Narrow), eyes open 

tý -2.71 df =IIp=0.020 95% CI (4959 to -0.099) 

Double-leg stance (Narrow), eyes closed 
t= -3.14 df =IIp=0.009 95% Cl (-1.846 to -0.325). 

8.3.3.4 Independent Samples t-test Analysis of A/IP Sway 

Independent t-tests for between subjects only revealed significance in the Untaped 

Vs Untrained condition for double-leg stance (Narrow), eyes open, 

Levene's test for equality of variance F= 19.123 p=0.000 Variances unequal-, 

t=2.28 df=11.46 p=0.043 SE = 0.241 95% Cl (0.0 18 to 1.080). 

8.3.3.5 Analysis of Dependent Variables for A/P Sway 

For the dependent variable of visual condition; eyes open versus eyes closed, in 

both groups Significant differences in A/P sway were seen between the two visual 

conditions in all stance positions with the exception of double-leg stance (Wide) 

in Untaped, Untrained and Trained conditions. Figure n" 828 and 829 compare 

conditions of eyes open and eyes closed for the four stance positions in the taping 

and training groups. 
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Figure n" 828 Companson qfPsual Condition 4ftct on Postural Stability as Measured 
by AnteriorlPosterior Sway (cm) 

_for 
Taping Group Conditions 
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Graph Comparing the Effect of Visual Condition on Anterior/Posterior 
Sway (cm) for the Taping Group 
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if the difference m sway between the eyes open and eyes closed visual conditions 
is considered, t-test analysis reveals significance only within subjects, single-leg 
(Right) comparing Untaped and Taped conditions; 

t= -2.33 df =9p=0.045 95% Cl (-3.137 to -0.043) 

Figure it"" 830 and 831 illustrates the change (or difference between visual 

conditions) in A/P sway Taped and Trained. 

Figure n' 830 Comparison ofPostural Sway as Measured by Anterior, "Posterior Sway 
(cm) jbr Taping Group Conditions 
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Figure n' 831 Comparison qI'llosturalSway as Measured b'v AnteriorPosterior Sway 
(cm) for Training Group Conditions 

Graph Illustrating the Change in Anterior/Posterior Sway (cm) from 
Untrained to Trained Test Condition 
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For the dependent variable of stance, no significant differences are seen in AT 

sway between left and right legs or when comparing double-leg stance positions. 

When comparing single-leg stance to double-leg stance significance is seen for all 

tests of A/P sway. 
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8.3.4 Centre of BalanKt. L-.,, jý_LcM) Results 

The values of Centre of Balance X-ý, ý, (COBX), ranged from - 1.9 to 1.5 3 cm and - 
1.4 to 0.8 cm for single and double-leg stance respectively. The mean values are 
illustrated by Fignre n' 83.1, 

Figure n' 832 Mean CO& Position Values (cm) for all Test Conditions by Stance 
Position 

Depiction of Centre of Balance x-axis (cm) by Stance Position; mean 
values 
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8.3.4.1 Mixed ANOVA Results for COBX 

The analysis of variance revealed significant difference between groups for 

COBx. The ANOVA table for the analysis is presented in Table n' 8.45. 
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Table n' 8.45 Analvsis of Variance for Repeated Measures Mixed Model of Three Within 
and One BetweenSub ý, - !Iý, ýVcsjý)r COBx Positioning 

Eiiiiii I' i7 I, ` 
BeNven Subject E 

--- With in Cells 74. (66 20 0.23 
Group 134 1 1.34 5.76 0.026* 

Mthin ubject 
With in Cells 3.90 20 0.19 

EYE 4.58 1 4.58 23.51 0.000* 
Group x Lýve 6.80 1 6.80 34.91 0.000* 
Ordh in Cells 1.39 20 0.07 

TEST 0.05 1 0.05 0.74 0.398 
Group x Test 0.07 1 0.07 1.04 0.319 
Within Cells 17.21 60 0.29 

STANCE 38.29 3 12.76 44.51 0.000* 
Group x Stance 1.11 3 0.37 1.29 0.285 

Mthin Cells 1.69 20 0.08 
Eye x Test 0.00 1 0.00 0.03 0.867 

Group x Eye x Test 0.24 1 0.24 2.82 0.109 
Mth in Cells 12.96 60 0.22 
Eye x Stance 2.02 3 0.67 3.12 0.033* 

Group x Eye x Stance 2.71 3 0.90 4.19 0.009* 
With in Cells 7.14 60 0.12 
Test x Stance 0,70 3 0.23 1.95 0.132 

Group x Test x Stance 1.20 3 0.40 3,37 0.024* 
Within Cells 7,19 60 0.12 

Eye x Test x Stance 1.00 3 0.33 2.79 0.048* 
Group x Eye x Test x Mance 0.41 3 0.14 1.14 0.339 

*denotesp < 0.05, therefore significant. 

Significant differences were seen within Eye and Stance conditions, but not Test. 

Other significant interactions included; 

Group by Eye F(1,20) = 34.91 P=0.000 
Eye by Stance F(3,60) = 3.12 p=0.033 
Group by Eye by Stance F(3,60) = 4.19 P=0.009 
Group by Test by Stance F(3,60) = 3.37 p=0.024 
Eye by Test by Stance F(3,60) = 2.79 p=0.048. 
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8.3.4.2 One-wav Repeated Measures ANOVA for COB2i 

One-way analysis of variance between groups for COBX showed significance in 

the Untaped Vs Untrained comparison for, 

Eyes open, left 
Eyes open, right 
Eyes closed, left 
Eyes closed, right 
Eyes closed, wide 

F(1,20) = 10.1024 p=0.047 
F(1,20) = 8.7283 p=0.0078 
F(1,20) = 5.5670 p=0.0286 
F(1,20) = 6.6861 p=0.0177 
F(1,20) = 6.5623 p=0.0186. 

In the Taped Vs Trained condition, significant difference between the groups was 

seen for, 

Eyes open, left F(1,20) = 9.0485 p=0.0069 
Eyes open, wide F(1,20) = 21.8046 P=0.0001. 

8.3.4.3 Paired Samples Mest Analysis for COBX 

Paired t-test, analysis for within subject factors revealed significance between 

Untaped and Taped conditions in all eyes open visual conditions for stance; 

Left t=3.44 df =9 p=0.007 95% Cl (0.209 to 1.444) 
Right t=2.43 df=9 p=0.038 95% CI (0.032 to 0.874) 
Narrow t=2.99 df=9 p=0.015 95% Cl (0.083 to o. 603) 
Wide t=8.28 df=9 p=0.000 95% Cl (-1.021 to -0.03 1) 

and for single-leg (Right), eyes closed; 

t=2.43 df=9 p=0.038 

and double-leg (Wide), eyes closed; 
t=8.28 df=9 p=0.000 

95% CI (0.032 to 0.874) 

95% Cl (0.524 to 1.094) 

For the training group, significant differences were only seen between Untrained 

and Trained conditions for, 

Eyes open; narrow t= -2.44 df=llp=0.033 
Eyesclosed; left t=4.82 df=llp=0.001 

95% Cl (-0.717 to -0.036) 
95% Cl (0.149 to 0.40 1). 
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8.3.4.4 Independent Samples Mest analvsis of COBLC 

Independent Wests for between subject significance revealed significance in the 

Untaped Vs Untrained condition, eyes open and eyes closed for single-leg stance; 

Eyes open, left 
Levene's test for equality of variance F 0.767 p=0.391 variances equal; 
t=2.82 df = 20 P=0.011 SE 0.283 95% CI (0.206 to 1.386) 

Eyes open, right 
Levene's test for equality of variance F=0.341 p=0.566 variances equal; 
t=2.95 df = 20 p=0.008 SE = 0.195 95% CI (0.169 to 0.98 1) 

Eyes closed, left 
Levene's test for equality of variance F=0.671 p=0.422 variances equal; 
t=2.36 df = 20 p=0.029 SE = 0.172 95% CI (0.047 to 0.764) 

Eyes closed, right 
Levene's test for equality of variance F=0.205 p=0.656 variances equal; 
t=2.59 df = 20 p=0.018 SE = 0.219 95% CI (0.109 to 1.025) 

and eyes closed double-leg stance (Wide) 
Levene's test for equality of variance F=2.941 p=0.102 variances equal; 
t=2.56 df = 20 p=0.029 SE = 0.192 95% CI (-0.852 to -0.050) 

For the Taped Vs Trained condition, significance was found for eyes open single- 
leg (Left) 
Levene's test for equality of variance F=0.076 p=0.786 variances equal; 
t= -3.26 df = 20 P=0.004 SE = 0.181 95% CI (-0.809 to -0.177) 

and eyes open double-leg stance (Wide) 
Levene's test for equality of variance F=1.000 p=0.329 variances equal; 
t=4.67 df = 20 P=0.000 SE = 0.141 95% CI (-0.952 to -0.364). 

8.3.4.5 Anallsis of DelRendent Variables for COBLC 

For the dependent variable of visual condition; eyes open versus eyes closed, 

there were no significant differences in COBX except for Trained, double-leg 

stance (Wide) con ition; 
t=2.90 df=ll p=0.014 95% CI (0.143 to 1.044) 

Figure if 833 and 834 illustrates the comparison of eyes open and eyes closed 

visual conditions for all stance positions in the taping and training groups. 
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Figure n' 833 Comparison of Visual Condition Effect on Centre of Balance. x- for 
Taping Group 
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Figure n" 834 Comparison oll'ismIl COMIINW7 A'#ýCt on Centre ofBialance 
Training Group 
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If a comparison is made of the change in COBx position by averaging the means 

of COBX for eyes open and eyes closed visual conditions and comparing this 

value in Untaped and Taped conditions and Untrained and Trained conditions, the 

change in overall centre of balance position can be seen, as illustrated in Figure 

n" 835 and 836. 

Figure n' 835 Comparison qf Centre qf Balance x-,,,, (cm) for Taping Group Conditions 
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Figure n" 836 Comparison ol'(.. 'entre ol'Balance. k-,,, (cm), Ibr Training Group Conditions 

Graph Illustrating the Change in Centre of Balance x-axis (cm) from 

0.4 Untrained to Trained Test Condition 
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By paired samples t-test analysis, significance is found for all stance conditions 

within both taping and training groups for overall COBX position, with the 

exception of double-leg stance (Wide). The significant values are; 

Single-leg (Left), Taping t= 3.29 df = 19 p = 0.004 
Training t= -5.80 df = 23 P = 0.000 

Single-leg (Right) Taping t= 3.38 df = 19 p = 0.003 
Training t= -1.79 df = 23 P = 0.086** 

Double-leg (Narrow) Taping t = 2.24 df = 19 p = 0.037 
Training t = 3.11 df = 23 p = 0.005 

** denotes significance at the p<0.1 level, all other significant values are at the p 

< 0.05 level. 

For the dependent variable of stance, significant differences are seen in COBX 

positioning between left and right legs for single-leg stance Taped and Trained 

eyes open, 

Taped t= -7.00 df =9P=0.000 95% Cl (-1.495 to -0.765) 
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Trained t=-3.14 df=ll P=0.009 95% CI (-9.50 to -0.501) 

and Untaped, Taped, Untrained and Trained for eyes closed; 

Untaped t= -3.74 df =9 P=0.005 95% CI (-1.634 to -0.402) 
Taped t= -6.39 df =9 P=0.000 95% CI (-1.242 to -0.592) 
Untrained t=5.31 df=ll P=0.009 95% CI (4950 to -0.167) 
Trained t= -3.79 df =II p=0.003 95% CI (-1.092 to -0.289) 

When comparing double-leg stance, significant differences are seen in eyes open 
Taped and Untrained; 

Taped t=7.00 df=9 P=0.000 95% Cl (0.400 to 0.782) 
Untrained t=2.45 df =I Ip=0.032 95% Cl (0.022 to 0.416) 

and in eyes closed for Taped, Untrained and Trained; 

Taped t=3.75 df =9P=0.005 95% CI (0.277 to 1.12 1) 
Untrained t=2.56 df=11 p=0.027 95% CI (0.041 to 0.543) 
Trained t=2.81 df=ll p=0.017 95% CI (0.108 to 0.891) 

Comparing single-leg stance to double-leg stance, significant differences in COBX 

positioning is seen between single-leg (Left) and double-leg (Narrow) as follows; 

Taped, eyes open t=4.91 df=9 p=0.001 95% CI (-0.825 to -0.305) 
Untrained, eyes open t=-2.76 df=ll p=0.018 95%Cl(-1.226to-0.139) 
Untrained, eyes closed t =-3.90 df=II p=0.002 95%CI(-0.893to-0.249) 

between single-leg (Right) and double-leg (Narrow); 

Untaped, eyes open t=3.15 df=9p=0.012 95%CI(O. I5OoO. 910) 
Taped, eyes open t=6.47 df =9p=0.000 95% CI (0,367 to 0.763) 
Untaped, eyes closed t=2.85 df =9p=0.0 19 95% CI (0.148 to 1.282) 
Trained, eyes open t=4.43 df =IIp=0.001 95% CI (0.287 to 0.832) 
Trained, eyes closed t=6.23 df = 11 p=0.000 95% CI (0.454 to 0.950) 

No difference is seen between single-leg (Left) and double-leg (Wide), but 

significance is seen between single-leg (Right) and double-leg (Wide) for all 

conditions. 
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8.3.5 Centre of Balance y-.,, i., (cm) Results 

The values of Centre of Balance y-,,,, i, (COBy) ranged from -1.23 to 4.00 cm and 

-2.27 to 6.34 cm for single and double-leg stance respectively. The mean values 

are illustrated in Figure n" 837. 

Figure n" 83 7 Mean COBy Position Values (cm) for all Test Conditions byStance 

Position 

Depiction of Centre of Balance y-axis (cm) by Stance Position; mean 
values 
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8.3.5.1 Mixed ANOVA Results for COBy 

U 

The analysis of variance revealed no significant difference between groups for 

COBy positioning. The ANOVA table for the analysis is presented in Table n' 

8.46. 
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Table n' 8.46 Analvsis ot'Variance 
- 
tbr Re 

- 
Pealed Measures Mixed Modehof Three Within 

I'll:, /i, ), c BetweenSubi, 1 /o, ('01;, mwýf l ...... 

Behveen Subject 
- Within Cells 57,03 5 7 ' 20 12.85 T Group 

6 
30 II 13.30 1.04 0321 

Mthin ubject Effeds 
; Vdh in Cells 72.98 20 3.65 

EYE 0.23 1 0.23 0.06 0.805 
Group x Eye 0.00 1 0.00 0.00 0.994 
If 'ithin Cells 25.52 20 1.28 

TEST 1.98 1 1.98 1.55 0.227 
Group x Test 0.00 1 0.00 0.00 0.993 
If rith in Cells 127.44 60 2.12 

STANCE 21.09 3 7.03 3.31 0.026* 
Group x Stance 11.00 3 3.67 1.73 0.171 

Mthin Cells 7.73 20 0.39 
Eye x Test 1.07 1 1.07 2.76 0.112 

Group xkve x Test 0.81 1 0.81 2.10 0.162 
With in Cells 52.94 60 0.88 
Eye x Stance 0.34 3 0.11 0.13 0.942 

Group x Eye x Stance 2.00 3 0.67 0.75 0.524 
Frith in Cells 37.40 65 0.62 
Test x Stance 9.75 3 3.25 5.22 0.003* 

Group x Test x Stance 5.17 3 1.72 2.76 0.050* 
Mth in Cells 37.48 60 0.62 

Eye x Test x Stance 1.32 3 0.44 0.70 0.555 
Group x Eye x Test x Stance 4.03 13 1.34 2.15 0.130 

-J 

*denotes p<0.05, therefore significant. 

Significant differences were only seen within the stance condition for, 

Stance F(3,60) 3.31 p 0.026 
Test by Stance F(3,60) 5.22 p 0.003 
Group by Test by Stance F(3,60) 2.76 p 0.050. 

8.3.5.2 One-way Repeated Measures ANOVA for COBI 

One-way analysis of variance between groups for COBy showed significance 

only in the Untaped versus Untrained comparison for single-leg (Left), eyes open; 
F(1,20) = 8.6584 p=0.0081. 

No significance is seen in the Taped versus Trained condition. 
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8.3.5.3 Paired SamiDles t-test Analvsis for COBy 

Paired t-test analysis for within subject factors revealed no significance between 

Untaped and Taped or Untrained and Trained conditions. 

8.3.5.4 Indevendent Samples t-test Analysis for COBy 

Independent t-tests for between subject significance revealed no significance for 

any condition tested. 

8.3.5.5 Analvsis of Dependent Variables for COBy 

For the dependent variable of visual condition; eyes open versus eyes closed, 

significance was seen only the Untaped, single-leg (Left) condition; 

t= -3.98 df =9p=0.003 95% Cl (-2.607 to -0.717) 

Figiire n 0ý 838 and 839 illustrates the comparison of eyes open and eyes closed 

visual conditions for all stance positions in the taping and training groups. 

Figure n" 838 Comparison qff'isual Condition on Centre qfBalance ,,,,, fi)r Taping Group 

Graph Comparing the Effect of VIsual Condition on Centre of Balance y- 
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Figure 839 Comparison (ýI'Vtsual Condmon Lflýcl on Centre qfBalance 
Training Group 
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If a comparison is made of the change in COBy position by averaging the means 

of COBy for eyes open and eyes closed visual conditions and comparing this 

value in Untaped and Taped conditions and Untrained and Trained conditions, the 

change in overall centre of balance position can be seen, as illustrated in Figure 

n"' 840 and S41. 
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Figure n' 840 Comparlson ol'Centre ol'Balance )--. (cm). lbr Taping Group Conditions 

Graph Inlustrating the Change in Centre of Balance y-axis (cm) from 
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Figure n" 841 Comparison ol'Centre ol'Bolonce (cm). fiw Training (; roup Conditions 
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By paired samples t-test analysis, no significance is found within the taping or 
training groups for overall COBy position. 

For the dependent variable of stance, no significant differences are seen in COBy 

positioning between left and right legs for single-leg stance, or narrow and wide 
positioning for double-leg stance. 

Comparing single-leg stance with double-leg stance positions, significant 
differences are seen between single-leg (Left) and double-leg (Narrow); 
Untaped, eyes closed t=2.71 
Taped, eyes closed t=5.61 
Untrained, eyes open t=2.85 
Untrained, eyes closed t=4.67 
Trained, eyes closed t=3.96 

df =9p=0.024 95% Cl (0.160 to 1.784) 
df =9p=0.000 95% CI (1.490 to 3.500) 
df = 11 p=0.016 95% CI (0.225 to 1.758) 
df = 11 p=0.001 M CI (0.408 tol. 135) 
df = 11 p=0.002 95% CI (0.551 to 1.93 1) 

and single-leg (Right) with double-leg (Narrow) 

Trained, eyes closed t=3.73 df =IIp=0.003 95% CI (0.491 to 1.905) 

For comparison with double-leg (Wide) with single-leg (Left); 

Untrained, eyes open t 3.45 df = 11 p 0.005 95% CI (0.443 to 2.000) 
Untrained, eyes closed t 3.93 df =IIp0.002 95% CI (0.453 to 1.605) 
Trained, eyes closed t 2.60 df =IIp0.025 95% CI (0.13 0 to 1.754) 

and single-leg (Right); 

Untrained, eyes open t=2.37 df =IIp=0.037 95% Cl (0.063 to 1.749). 

8.3.6 Postural Stabilitv Results Summarv 

Postural sway is seen to increase on closing the eyes for all test conditions. In the 

Untaped/Untrained conditions, sway during double-leg balance is approximately 
half that of single-leg balance. 

Changes is sway due to taping and training become more marked in the eyes 

closed condition, though only significant for single-leg (Right) p=0.012. 

Overall there is more sway in single-leg (Right) than single-leg (Left), though 

only significant with taping, eyes closed (p = 0.03). For double-leg stance 
positions, there is more sway in double-leg (Wide) than double-leg (Narrow), both 
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Untrained and Trained (p = 0.008 and p=0.009 respectively). There is 

significance between single-leg and double-leg stance positions. 

If the Sway Index is separated into its two component parts of Left/Right and 
Anterior/Posterior sway, the effect of changes of these components on overall 
sway can be seen. 

A greater increase in L/R sway is seen with taping, eyes closed. Taping causes a 

greater increase in IJR sway single-leg (Right) and double-leg (Wide) than either 

single-leg (Left) or double-leg (Narrow). For the training group, an increase in 

L/R sway is seen in single-leg stance and a decrease in L/R sway in double-leg 

stance. These changes are not significant. 

Considering the A/P component reveals a marked increase in A/P sway for single- 
leg (Right) with taping (p = 0.045) and a decrease in A/P sway for single-leg 
(Left), though insignificant. Training results in an increase in A/P sway in all 

stance positions, though this increase is not significant. 

A/P sway is greater for single-leg stance Positions than double-leg positions both 

with tape and after proprioceptive training. 

Also investigated were the loci for centre of balance. Results indicate movement 

of COB x to the Left with taping (laterally away from the CBOS for left and 

double-leg stance positions and medially towards the CBOS for single-leg 

(Right)). For the training group, COB x moved right for single-leg positions and 

left for double-leg stance positions. Here, in contrast to findings in the taping 

group, single-leg (Left) COB x moves medially towards the CBOS and single-leg 

(Right), along with double-leg positions, laterally away from the CBOS. 

COB y moves anteriorly with taping for the single-leg positions and posteriorly 

with taping for the double-leg positions. Training results in an anterior shift in 

single-leg stance positions and double-leg (Wide). Double-leg (Narrow) COB y 

shifts posteriorly with training. 
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8.4 ELECTROMOGRAPHY RESULTS 

EMG traces for gastrocnemius, peroneus longus, tibialis anterior and soleus 

muscles were recorded for the second of the three balance trials conducted for 

each test condition, for each subject. [EMG recording of all three trials for each 

test condition was not possible due to the large amount of data per trial, along 

with equipment and time constraints]. The data was then analysed firstly by 

statistical analysis of minimum and maximum peak values and secondly, by 

calculation of a mean EMG trace over a ten second trial for each test condition 
derived from the subject data. The mean EMG traces were then compared 

graphically. 

The minimum and maximum EMG results are presented first, followed by the 

results for the mean ten second balance trials. 

8.4.1 EMG -Minimum and Maximum Results 

For each EMG trace, the maximum and minimum peak values of muscle activity 
(mV) for each muscle over the ten second period of testing was noted. Statistical 

analysis was performed on this data using Mest analysis (SPSS Version 6.0). 

The results for each muscle are presented separately, in the order, gastrocnemius, 

peroneus longus, tibialis anterior and then soleus, and within each of these, single- 
leg (Left), single-leg (Right), double-leg (Narrow) and then double-leg (Wide). A 

graphical representation of the mean minimum and maximum results for each 

condition is displayed first, followed by the statistical analysis of visual condition 

by paired samples t-test for each stance condition. Following this, the results for 

the within subject analyses of test condition and stance position are presented. 

Finally, a statement of the independent t-test analysis between groups is made. 

8.4.1.1 Gastrocnemius EMG -Minimum and Maximum Results 
I 

Separate paired-samples Nests were conducted to analyse within-subject factors 

of the taping and training groups. Statistical significance was set at the 0.05 level. 
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Figurc it" 842 illustrates the overall mean minimum and maximum peak values 
for the left leg in each test condition. 

Figure n' 842 Overall Mean Minimum and Maximum Peak Values Ibr Single-leg (Lýft) ky 
Test Condition: Gastrocnemius Muscle 

Wan Minimum and Nbximum EMG Values (mV) for Gas trocnewnius; Single Leg (Left) 

E 
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0.1 
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Test Condition 

For the within-subject factor of visual condition, comparing gastrocnemius muscle 

activity in eyes open and eyes closed conditions, significance was found for the 

single-leg (Left) stance position as displayed in Table n' 8.47. 

Leg Table n' 8.4 7 Siknificant Results of Paired West A na! lYsis on Siggle-1 ei fo 
AA, n tic 4,:, - 

E m- 

- - 

; 

Single-leg EO \s L( Li i d MIN 
-;. ()o 0 k). k)24 om27 to 0.267 

(Left) 
Single-leg EO Vs EC Untaped MAX -4.20 6 0.006 -0.283 to -0.074 

(Left) 
Single-lcg EO Vs EC Taped MAX -2.33 13 0.036 -0.133 to -0.005 

(Left) 
Single-leg EO Vs EC Trained MIN 5.43 13 0.000 0.090 to 0.210 

(Lcft) 
SingIc-leg EO Vs EC Trained MAX -4.67 13 0.000 -0.233 to -0.085 

I 

L_ (Left) I I I 

I I 

I 

EO = Eyes open EC = Eyes Closed DF = Degrees of Freedom 
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The overall minimum and maximum peak values for each test condition in single- 
leg (Right) are displayed in Fizure n"843. 

Figure n' 843 Overall Mean Minimum and Maximum Peak Values forSingle-leg (Right) 
by Test Condition: Gastrocnemius Muscle 

Mean Mnimum and NbximumEMG Values (mV) for Gastrocnemius; Single Leg (Right) 

0.4 

0.3 

0.2 

0.1 

0 

-0.1 

-0.2 

-0.3 

-0.4 

2ý 92ý 
,; a Test Conchtion 
12: 

For single-leg (Right) stance, significance was found in conditions as displayed in 

Table n' 8.48 comparing visual condition. 

Table n' 8.48 &Wnficant Results of Paired I-lest Analysis on Single-l-eg (Right) 
f"'I I "Isi" // - (;, wrocnemius Musele (n, 0.0-5 fi)rsitmificance) 

Single-leg EO Vs EC Taped MIN 4.32 14 0.001 o. 115 to 0.343 
(Right) 

Single-lcg EO Vs EC Taped MAX 4.25 14 0,001 -0.355 to -0.117 
(Right) 

Single-leg EO Vs EC Untrained MIN 2.88 6 0.028 0.024 to 0.293 
(Right) 

Single-leg EO Vs EC Untrained MAX -3.15 6 0.020 -0.279 to 4). 035 
(Right) 

Single-leg EO Vs EC Trained MIN 2.18 13 0.048 0.001 to 0.277 
(Right) I I 

Single-lcg EO Vs EC Trained MAX -2.36 
I 13 0.034 -0.244 to 4.011 I 

(Riot) I I I I I 
EO = Eves open EC = Eyes Closed DF = Degrees of Freedom 
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Paired-samples t-test analysis was also conducted on the data for double-leg 

stance positions of narrow and wide. For the gastrocnernius muscle, no statistical 

significance was found for minimum or maximum peak values of muscle activity 
(mV) in either group of taping or training for the within-subject factor of visual 

condition comparing eyes open and eyes closed conditions. Figure n" 844 and 
845 illustrate the overall minimum and maximum peak values for double-leg 

stance, narrow and wide respectively for each test condition. 

Figure n" 844 Overall Mean Minimum and Maximum Peak VWues 
. 
1br Double-leg 

(Narrow) kv Test Condition; Gastrocnemius Muscle 

Mean Ninimum and Nbximum EMG Values (mV) for Gastrocnemius; Double Ug 
(Narrow) 

0.08 

0.06 

0.04 

0.02 

0 

-0.02 
-0.04 

-0.06 
-0.08 
-0.1 A "lo "0 -0 o1) o1) uu 
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0 C) 0 

192 



M. W. Faithfid Chaptcr 8 

Figure n" 845 Overall Mean Minimum and Maximum Peak Values 
, 
for Double-leg (Wide) 

hi, Test Condition, Gavirooict? 7iiis Afitych, 

Wan Ninimum and lYbWmum EMG Values (MV) for Gastrocnemius; Double Leg (Wide) 

0.08 

0.06 

0.04 

0.02 

0 

-0.02 

-0.04 

-0.06 

-0.08 

-0.1 1 "0 .8 -0 W 7j 1 .0a 0 > 
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For paired-samples Mest analysis of within-subject factors of Untaped versus 

Taped and Untrained versus Trained, with statistical significance again set at the 

0.05 level, for single-leg stance positions of left and right legs, significance was 

found only in the left leg. The significant results are displayed in Table n' 8.49 

Table n' 8.49 &Oificwif Results of Paired t-test Analysis on Sinle-Igg (Eefjt 
TPW Ctmililitm - Cawrornemius I flISCIC (n -- 0- 05 for sipnificance) 

-worm mmm'", 

0 'F to -0.0 13 
(Lcft) Vs Taped I 

Single-leg EO Untrained MIN 2.67 6 0.037 0.005 to 0.117 
(Left) Vs Trained 

Single-leg EO Untrained MAX -2.52 6 0.045 -0.118 to -0.002 
(Left) Vs Trained I I I I 

EO = Eyes open EC = Eyes Closed DF = Degrees of Freedom 

No statistical significance was found in double-leg stance positions for within- 

subject analysis of test conditions. 

Paired t-test analysis was also conducted on the data to compare the within- 

subject stance conditions of single-leg left versus right and double-leg narrow 

versus wide. Significance was found for the gastrocnemius muscle only in single- 
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leg (Left) versus single-leg (Right) positions as shown in Table n' 8.50. No 

significance was found between the two double-leg stance positions. 

Table n' 8.50 Siýoificanl Results o! tPaired 1-test Anal vis on Within-subjec 
Paclor of Slance Comblion; GaviroctlCMillS MUSCle (P -- 0.0-5 fi)r sivnificance) 

TRW q 

Right 
1 1()5 to -0022 

EO = Eyes open EC = Eyes Closed DF = Degrees of Freedom 

If single-leg stance positions are compared with double-leg stance positions, 

paired t-test analysis reveals significant differences between stance positions in all 

cases for the gastrocnemius muscle with the exception of those reported in Table 

n' 8.51. The non-significant results are depicted here because they are divergent 

to the expected results. 

Table n' 8.51 Non-Sivifficant Results o -test Analysis on Within-subiec f Paired i 
Comparison of Sju le-l-eg and Double: lleg Stance Conditions; Gastrocnemius 

Ar T 
L ft 1ýs LO L n1aped 1% Lv\, 14 

t 
t (), uio -kj. 08 to 0.565 

Small 
Left Vs EC Untaped MAX 2.21 5 0.078 -0.067 to 0.885 
Small 

I 

Left Vs EO Taped MIN -1.25 9 0.244 -0.146 to 0.042 
Small 

Left Vs EO Taped MAX 1.83 9 0.100 -0.0 15 to 0.145 
Small 

1 

I 
Lcft Vs EO Untaped MAX 2.19 6 0.071 -0.031 to 0.565 
Wide 

Left Vs EO Taped MIN -0.66 8 0.530 -0,165 to 0.092 
Wide 

Left Vs EO Taped MAX 0.95 8 0.371 -0.064 to 0.152 
Wide 

Right Vs EC Untaped MIN -2.40 5 0.062 -0.336 to 0.012 
Small 

Right Vs EC Untaped MAX 2.02 5 0.099 -0.041 to 0.0339 
Small 

Right Vs EO Taped MIN -1.37 9 0.203 -0.180 to 0.044 
Small 

Right Vs EO Taped MAX 1.67 9 0.129 -0.030 to 0.200 
Small 

Right Vs EO Taped MIN -0.81 8 0.439 -0.148 to 0.071 
Wide I I I I 

Right Vs EO 
I 

Taped MAX I 1.19 18 0.268 -0.048 to 0.149 I 
Wide I 

1 

Eves open tc = tycs ciosca UP = Degrees of Freedom 
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Independent t-test analysis was conducted to compare conditions between groups 

of Untaped versus Untrained and Taped versus Trained. No statistical 

significance was found for the gastrocnernius muscle with significance set at the 

0.05 level. 

8.4.1.2 Peroneus Longus EMG - Minimum and Maximum Results 

Separate paired-samples t-tests were conducted to analyse within-subject 

conditions of the taping and training groups. 

Figilre 11 () 846 illustrates the overall mean minimum and maximum peak values of 

the peroneus longus muscle for the left leg in each test condition. 

Figure n" 846 Overall Mean Minimum and Maximum Peak Values for Single-leg (Lefif) by 
Test Condition: Peroneus Longus Muscle 

Wan Mnimum and Nkximum EMIG Values (MV) for Peroneus Longus; Single Leg 
(Left) 
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For the within-subject factor of visual condition comparing eyes open and eyes 

closed conditions within the groups, significance by t-test analysis was found for 

single-leg (Left) as displayed in Table n' 8.52. 
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. 
Table n' 8.52 SiW11ficant Results q) Paired I-test Analvsis on yin le-le Le I qg _g Visual Cotidilion: Peroticus /oil L, 'll. sA1llSCh_I (p - 005 forsivni fit-, wt,, j F wn -719 

Si n LIU L( I dpýd I A, \ - I. No i um 1 -(). --, 
46 to -0.076 

(Left) 
Single-lcg EO Vs EC Untrained MIN 2.61 5 0.048 0.005 to 0.686 

(Left) 
I 

I 

Single-leg EO Vs EC Trained MIN 5.49 13 0.000 0.119 to 0.274 
(Left) I I 

Single-leg EO Vs EC 
I 

Trained I I MAX 4.40 13 7001 
-0.343 to -0.117 

(Left) I 

1 

I 
EO = Eyes open EC = Eyes Closed DF = Degrees of Freedom 

Figure n" 847 illustrates the overall minimum and maximum peak values for the 

right leg in each test condition. 

Figure n" 84 /7 Overall Mean Minimum and Maximum Peak Values. /br Single-leg (Right) 
kv Test Condition: Peroneus Longus Muscle 

Mean Minimum and lYbWmum EMG Values (mV) for Peroneus I. Amgus; Single Leg 
(Right) 
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Table n' 8.53 displays the significant results from paired t-test analysis of single- 
leg stance (Right) comparing the within-subject factor of visual condition. 
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Table n' 8.53 &Wfificant Results of Paired west Anal ysis on Sftle-l fth gg L 
-0 torPisiial (otiditioti; Perotieusi. tvism usclcýp 00ifi-significance) 

MR 
1wwwjV-_-qARw_R Rw 

ýi1i"Ic-IL" 

I'D (Right) 

lap,, ýj %Hý\ 14 112 to 3.93 

Singic-leg 
(Right) 

EO Vs EC Taped MAX -3.14 14 0.007 -0.274 to -0.051 

Single-leg 
(Right) 

EO Vs EC Trained 
II 

MIN 5,58 13 0.000 0.153 to 0.348 

Single-leg 
(Right) 

EO Vs EC Trained I I MAX -6.78 
I 

13 0.000 

I 
-0.3 25 to -0.168 

FO = Eves onen EC = Eves Closed DF = DeLyrees of Freedom 

/, igure n"' 84S and 849 illustrate the overall minimum and maximum peak values 

for double-leg stance, narrow and wide respectively for each test condition of the 

peroneus longus muscle. 

Figure n' 848 Overall Mean Minimum and Maximum Peak Values 
, 
for Double-leg 

(Narroit) kv Test Condition: Peroneus Longus Muscle 

Wan Mnimum and Niaximinn EMG Values (mV) for Peroneus Longus; Double Leg 
(Narrow) 

0.3 
0.25 
0.2 

E 0.15 
0.1 

0.05 t 
0 

-0.05 
-0.1 

-0.15 
-0.2 

-0.25 
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Pigure n" 849 Overall Mean Minimum and Maximum Peak I Wues. 1br Double-leg (Wide) 
by Test Condition, - Peroneus Longus Muscle 

Nkan Minimum and Nlaximum EMG Values (mV) for Peroneus tangus; Double Ug 
(Wide) 

0.2 

0.15 

E 0.1 

0.05 

0 44 

-0.05 

-0.1 

-0.15 

Paired samples t-test analysis was also conducted on the data for double-leg 

stance positions of narrow and wide for the within-subject factor of visual 

condition. For the peroneus longus muscle significance was found in double-leg 

(Narrow) as reported in Table n' 8.54, but not in the wide position. 

jLyis on Double- Table n' R. 54 &ioificant Results of Paired 1-test A nal 
(Narroit ý /, )/ lisual Comimoti: Peroneits LotiousMuscle (p - 0.05 for significance) 

Double- lcg EO Vs EC Taped MIN 2.32 9 0.046 0,001 to 0.047 
(Narrow) I II I I I 

[-Double-leg 
I 

EO Vs EC Taped I MAX 1 
-2.32 

[ 91 1 0.045 1 
-0.083 to -0.001 

I (Narrow) 
I 

EO = Eyes open EC = Eyes Closed DF = Degrees of Freedom 

For paired samples Mest analysis of within-subject test conditions of Untaped 

versus Taped and Untrained versus Trained with statistical significance set at the 

0.05 level, no significance was found in either single-leg or double-leg stance 

positions for either group. 
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Paired t-test analysis was also conducted on the peroneus longus data to compare 

the within-subject stance conditions of single-leg, left versus right and double-leg, 

narrow versus wide. The significant results are shown in Table n' 8.55. 

Table n' 8.55 SixLqificant Results o -test A ýq/ sis on Within-subject ?f Paired ty 
Factor of Stance Condition: Peroneus LonvIlis Muscle ýp 0.05 for sitynificance) 

I 

isr F. I a 

Lcft Vs EO Untrained MIN 2.79 6 0.032 0.032 to 0.491 
Right 

Narrow Vs EO Trained MIN 1 -2.22 11 0.048 I -0.245 to -0.001 I 
Wide 

EO = Eyes open EC = Eves Closed DF = Degrees of Freedom 

If single-leg stance positions are compared with double-leg stance positions, 

paired sample t-test analysis reveals significance in all cases for the peroneus 

longus muscle with the exception of those reported in Table n" 8.56 and 8.57. As 

for the gastrocnemius muscle, the non-significant results are presented as these 

results are opposite to those expected. 

joificant Results o) -test Analysis on Within-subjec f Paired t Table n' 8.56 Non-S 
g-- _gg ilef) and Double 

_! ýg Stance Conditions; Peroneus CoWarison of Sin Ile-I t -1 
I)nolj. v Al/I 'Whl fn -00i ft)r vianifiramv) 

ig too ýI 

Narrow 
Left Vs EC Untaped MAX 1.26 5 0.263 -0.264 to 0.771 
Narrow 
Left Vs EO Untrained MIN -1.63 6 0.155 -0.482 to 0.097 
Narrow 
Left Vs EO Untramed MAX 1.49 6 0.186 -0.13 7 to 0.566 
Narrow 
Left Vs EC Untrained MAX 2.25 5 0.074 -0.068 to 1.028 
Narrow 
Left Vs EO Trained MAX 1.68 11 0.120 -0.036 to 0.272 
Narrow 
Left Vs EO Untaped MIN -0.96 6 0.373 -0.539 to 0.232 
Narrow 
Left Vs EO Untaped MAX 0.77 6 0.472 -0.271 to 0.518 
Wide 

Left Vs EO Untrained MIN -1.89 6 0.108 -0.502 to 0.065 
Wide 

Lcft Vs EO Untrmned MAX 1.87 6 0.111 -0.076 to 0.571 
Wide 

Left Vs EC Untramed. MAX 2.49 
1 

5 0,055 -0.017 to 1.056 
I 

Wide 1- 1 1 . I 
EO = Eyes open EC = Eyes Closea L)v = uegrees ol- Freedom 
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Table n' 8.57 Non-SigLwficant Results o) Paired West AI sis on Within-subiec f 1jay 
COMparison of Sinle-leg (ftho and Double-l_eg Stance Conditions; Peroneus 
Lonvis Muscle (p --0.05 for. ýOjznificance) 

Right Vs EC Untaped MI "N -Lov s Isl -o. o-)2 to 0.134 
Narrow 

Right Vs EC Untaped MAX 2.14 5 0.086 -0.060 to 0.648 
Narrow 

Right Vs EO Trained MIN -2.09 11 0.060 -0.622 to 0.016 
Narrow I 

Right Vs EO Trained MAX 1 1.47 11 0.169 -0.115 to 0.580 
II 

Narrow 
EO = Eyes open EC = Eves Closed DF = Degrees of Freedom 

Independent Mest analysis was conducted to compare conditions between groups 

of Untaped versus Untrained and Taped versus Trained. No statistical 

significance was found for the peroneus longus muscle (significance set at 0.05 

level). 

8.4.1.3 Tibialis Anterior EMG - Minimum and Maximum Results 

Separate paired sample Mests were conducted to analyse within-subject factors of 

the taping and training groups for the tibialis anterior muscle. Statistical 

significance was set at the 0.05 level. 

Figure ti" 850 illustrates the overall mean minimum and maximum peak values 

for muscle activity in the tibialis anterior muscle of the left leg in each test 

condition. 
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Pigure n" 8jO Overall Alean Mimmum and Maximum Peak t lbr Single-leg (Lýfi) by 
Test Condition: Tibialis Anterior Muscle 

Mean Ninimum and NUximum EM Values (mV) for Tibialis Anterior; Single Leg 
(12ft) 

E 

4t 
A 

1i 'ý 
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For the within-subject factor of visual condition, comparing muscle activity in 

eyes open and eyes closed conditions, significance was found for the single-leg 
(Left) stance position as displayed in Table n' 8.58. 

Table no 8.58 SýOificanl Results of Paired t-test ALiglysis on SiMle-leg Le t L Lf) 
Visual Condilion: Tibialis Anlerior Muscle (v . -- 0.05 forsignificance) 

7 7 
1', -111, IQ 1, _!, 11)\"! t 

, i, 
I 

1, 
%11ý\ 11 ýýj I i, 1 'ý " 

(Lcft) Singlc-leg EO Vs EC Untaped MAX -2.63 6 0.039 -0.590 to -0.021 
(Left) I Single-lcg EO Vs EC Taped MIN 7.97 13 0.000 0.177 to 0.309 
(Lcft) I 

Single-leg EO Vs EC Taped MAX -7.61 13 0.000 -0.275 to -0.153 
(L, Cft) 

Single-lcg EO Vs EC Untrained MAX -2.96 5 0.032 -0.702 to -0.049 
(Lcft) 

Singlc-leg EO Vs EC Trained MIN 5.77 13 0.000 0.172 to 0.377 
(Left) I I I I 

Single-leg EO Vs EC 
I 

Trained I MAq -5.28 13 0.000 -0.3 84 to -0.161 
I 

(Lcft) I 

j 1 

I 
tu = tyes open m-, = tyes uosca ut = 1. )cgrees ol kýrecdom 

1ý'igure it" 8-51 illustrates the overall minimum and maximum peak values for the 

right leg in each test condition. 
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Eigure n" 851 Overall Mean Minimum and Maximum Peak Palues 
, 
1brSingle-leg (Right) 

by Test Condition: Tibialis Anterior Muscle 

Wan Mnimum and NlaximumEMG Values (MV) for TIbialis Anterior; Single Leg 
(Right) 
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The significant results from paired t-test analysis of single-leg stance (Right) 

comparing the within-subject factor of visual condition are displayed in Table n' 
8.59. 

Table n' 8.59 nignificant Remills of Paired west AWI ysis on Simle-le LR ht) g jg- 
for FivitilComlition: TibialisAnteriorMuscle (p 

i_() Vs EC Untaped mill" 0 to 5.23 
"Right) 

Singlc-leg EO Vs EC Untaped MAX -5.14 61 0.002 -0.476 to -0.169 
(Right) 

Single-leg EO Vs EC Taped MIN 6.75 

I 

14 0.000 0.287 to 0.555 
(Right) I 

SingIc-leg EO Vs EC Taped MAX -5.96 14 0.000 -0.591 to -0.278 
(Right) 

SingIc-leg EO Vs EC Untrained MIN 5.64 6 0.001 0.206 to 0.521 
(Right) 

SingIc-leg EO Vs EC Untrained MAX -5.44 6 0.002 -0.495 to -0.188 
(Right) 

Single-lcg EO Vs EC Trained MIN 8.61 13 0.000 0.335 to 0.560 
(Right) 

Singlc-leg 91 
E 

9 EO Vs EC Trained I MAX 10. j 13 1 0.000 -0.564 to -0.369 ( ) ) 
__ - __ - 

ý 
1 

ryes opun rt- ý r-vcs ý- iosea ur ý tiegrees ot v rmlom 
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The overall minimum and maximum peak values for double-leg stance (Narrow) 

for each test condition of the tibialis anterior are presented in Figure n" S. 52. 

Figure n" 852 Overall Mean Minimum and Maximum Peak Values. for Double-leg 
(Narrow) by Test Condition: Tibialis Anterior Muscle 

Mean Mnimum and NUxinmm EM Values (mV) for TIbialis Anterior; DouMe Leg 
(Narrow) 
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Paired samples t-test analysis was conducted on the tibialis anterior muscle data 

for double-leg stance positions of narrow and wide for the within-subject factor of 

visual condition. Significance at the 0.05 level was found in the narrow position 

as reported in Table n' 8.60. 

f Paired i Wis on Double Table n' N. 60 Sj&lificant Results o -test Anal 
(Narv(m ) 1()r Iism il Coodmo,,, - Tifialis Anterior Muscle (p 0 ()5 f, , im! ificance) 

Jl k 
' 

D o lcý 
(Narrow) 

EU Vs EC 

I 

Untrained MIN 2.58 

I 

0 0.042 0.000 to 00 11 

Double-lcg 
(Narrow) 

EO Vs EC 
I 

Untrained I MAX 1 
-2.69 6 0.036 -0.0()g to 0.000 I 

FO = Fvt-. c nne. n FC = Fves Closed DF Deffees of FreeAnm 

[Iglfre 11 " S-553 illustrates the overall minimum and maximum peak values for 

double-leg stance (Wide) for each test condition of the tibialis anterior muscle. 
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Eigure n" 8-53 Overall Mean Minimum and Maximum Peak Values. 1br Douhle-leg (Wide) 
h i, Tes t Condition: Tibialis A Werior Muscle 

Mean Mnimum and Nkximum ENIG Values (mV) for Tibialis Anterior; Double Ug 
(Wide) 
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Significant results for the minimum and maximum peak values of muscle activity 

in the tibialis anterior for the wide position are displayed in Table n' 8.61. 

Table n' 8.61 Si 7ificant Results of Paired west Analysis on Double-Leg (! Kidej 
. gL 

For paired samples t-test analysis of within-subject test conditions of Untaped 

versus Taped and Untrained versus Trained with statistical significance again set 

at the 0.05 level, for single-leg stance positions of left and right legs, significance 

was found only in the left leg. The significant results are displayed in Table n' 

8.62. 

Sýi&iificanf Results of Paired West A al ? L- g, Table n' 8.62, YvLs on Sin le-l-eg LeNt for 
7t,, vl('otidilioti: 7'ibitihsAtileriorMii,, vc, lt, (p 005fi)rw,, mI; (, 717c. -e) 

o 

olngb, ý _ý, 
(Lcft) I Vs Taped 1 1 1 

-1 

o k-4 k, k, ()9 to 0.160 
1 

Single-leg 
(Left) 

EC I Untaped 

- 
Vs Taped 

I MIN 1 -2.60 16 1 0.041 1 -0.533to-0.016 

pn = P,,,,, c nrv-. n EC = Eves Closed DF = De2rees of Freedom 
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No statistical significance was found in double-leg stance positions for within- 

subject analysis of test conditions factor. 

Paired t-test analysis was also conducted on the tibialis anterior muscle data to 

compare the within-subject factor of stance conditions comparing single-leg 

positions, left and right and double-leg positions, narrow and wide. SI 

was found only in the comparison of single-leg stance positions as presented in 

Table n' 8.63. 

Table n" 8.63 &. 0ificant Results of Paired 1-test Analysis on Within-subiec 
Factor of Slatice Condilion: Tibialis Atilerior A fuscle (r, 0.05 forsi(, mificance) 

I ! . ', to 0.398 
Right 

Lcft Vs EC Taped MAX -3.64 15 0.002 -0,458 to 0.398 
Right 

Lcft Vs EC Trained MIN 3.91 13 0.002 0.075 to 0.262 
Right I I 

Left Vs EC 
I 

Trained I MAX 4.02 f 13 1 0.001 -0.278 to -0.083 
I 

[Ught I I 
EO = Eyes open EC = Eves Closed DF = Degrees of Freedom 

If single-leg stance positions are compared with double-leg stance positions, 

paired sample t-test analysis reveals significance in all cases for the tibialis 

antefior muscle. 

Independent Nest analysis was also conducted to compare conditions between 

groups of Untaped versus Untrained and Taped versus Trained. With the 

significance level set at 0.05, for the tibialis anterior muscle significance was 

found between groups for the condition of single-leg (Left), eyes closed Taping 

versus Training as follows-, 

Minimum peak value. Levene's test for equality of variance F=4.308 p=0.047 
therefore variances unequal, 

t-value = 2.32 df = 17.29 p=0.033 SE = 0.047 95%Cl = 0.010 to 0.204 

Maximum peak value - Levene's test for equality of variance F=2.796 p=0.000 
therefore variances unequal, 

t-value = -2.67 df = 29 p=0.012 SE = 0.039 95%CI = -0- 185 to -0.024 
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8.4.1.4 Soleus EMG - Minimum and Maximum Results 

Separate paired-samples t-tests were conducted to analyse within-subject 
conditions of the taping and training groups, 

Figure n' 854 illustrates the overall mean minimum and maximum peak values 
for the left leg in each test condition. 

Figure n" 8.54 Overall Mean Minimum and Maximum Peak ý alues 
_16r 

Single-leg (Lýft) by 
Test Condition: Soleus Muscle 

Nkan Mnimurn and NbximumEMG Values (mV) for Soleus; Single Leg (Uft) 

0.5 

0.4 

0.3 

0.2 

0.1 

0 

-0.1 
0.2 

-0.3 

-0.4 

-0.5 

For the within-subject factor of visual condition comparing eyes open and eyes 

closed conditions within the groups, significance by t-test analysis was found for 

single-leg (Left) as displayed in Table n' 8.64. 

Mble n' 8.64 SiVii cant Rewltv of Paired west Analýýqs Si 11 -1 , Oe? I (o r W-e4gg-(L-f)f 

WOOL- 
L 

Sin -leg ý! Cg EO Vs EC Untaped d pe ý M IN 3,73 6 0.010 0.008 to 0.037 
(Left) 

7 
I I 

Single-leg EO Vs EC Untaped MrVAX -3.39 6 0.015 -0.042 to -0.007 
(Left) 

Singlc-leg EO Vs EC Taped MIN 3.99 13 0.002 0.027 to 0.089 
(Left) 

Singlc-leg EO Vs EC Taped MAX -4.10 13 0.001 -0.086 to -0.027 (Lcft) I 
Singlc-leg EO Vs EC Trained MAX -2.28 13 0.040 4). 200 to -0.006 (Lcft) 
r-ki - r-yub upull -- - -w- -lv-u -1, - L-ocyrees oi rreeuom 

206 

0 ia 

Test Condition 



M. W. Faithftd Chapter 8 

The overall minimum and maximum peak values for muscle activity in each test 

condition in the right leg soleus are presented in Figure n" 855. 

Figure n'855 Overall Mean Minimum andMaximum Peak Valuesfor Single-leg (Right) 
hi, Test Condition. -Soleus Ahiscle 

NlkanMnimum and NbximumEMG Values (mV) for Soleus; Single Leg (Right) 

0.5 

0.4 

0.3 

0.2 

0.1 

0 

-0.1 
0.2 

-0.3 

-0.4 

-0.5 

Table n' 8.65 displays the significant results from paired t-test analysis of single- 

leg stance (Right) comparing the within-subject factor of visual condition. 

Table n' 8.65 Sipnficant Results of Paired 1-test A nalysis on Single-leg Lftho 
f"r f, ivyjty/ Cimilifitm- Stdeus Ahisr/o fn -0 05 fi)rsivnificance) 

1 60 6 0.011 -0 -0.059 to . 
011 

(Right) 
Single-leg EO Vs EC Taped MIN 3.44 14 0.004 0.051 to 0.221 

(Right) 
Single-leg EO Vs EC Taped MAX -2.91 14 0.012 -0.221 to -0.033 

(Right) I I 
Single-leg EO Vs EC 

I 
Trained I I MIN 2.25 1 13 1 0.043 0.007 to 0.367 

I 

(Right) I I 
PO = Fveýz nr%, -. n FC = F. ver, Closed DF = Dei! rees of Freedom 

Paired sample t-test analysis was also conducted on soleus minimum and 

maximum peak values of muscle activity for double-leg stance positions of 

narrow and wide. No statistical significance was found for either the taping or 

training group for the within-subject factor of visual condition comparing eyes 

open with eyes closed. 
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Figure n"' 856 and 85 7 illustrate the overall minimum and maximum peak values 

for double-leg stance, narrow and wide respectively for each test condition. 

Figure n' 856 Overall Mean Minimum and Maximum Peak Values. tbr Double-leg 
(Yarrow) hv Test Condition: Solcus Musch, 

,i 

15 

Wan Ninimum and NUximum EM Values (mV) for Soleus; Double Ug (Narrow) 

0.3 

0.2- 

0.1- 

0- I 1, E5. -. EEP ,-. I CEI , r-=4 =1 17 

-0.1- 1ý 

-0.2 

-0.3 

cd 

u 7. 
Test Condition 

Figure n" 8j70veroll Mean Minimum and Maximum Peak VWues. 1brDouble-leg (Wide) 
bY Test Condition: Soleus Muscle 

E 

Wan Ninimum and NUximum EMG Values (mV) for Soleus; Double Ug (Wide) 

0.2 - 

0.15- 

0.1- 

0.05 

0 L--j L .J 

-0.05- 

-0.1- 

5 -0.1 - 

0 

Tcst Condition 

For paired-samples t-test analysis of within-subject factors of Untaped versus 
Taped and Untrained versus Trained, with statistical significance again set at the 
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0.05 level, for single-leg stance positions of left and right legs, significance was 
found in the single-leg (Left) stance position as presented in Table n' 8.66. 

Table n' 8.66 Sirfificant Results of Paired t-test Anabýsis on SitTle-l_eg (Left 
Test Ovid0toli: v-. 1c, tv ý f, lýcle (p ao-ý 

Sinpgic-leg ! eg EC Untaped MIN 3) 0.004 to 0.075 
,, (Lcft) Vs Taped 

Single-leg EO Untrained MIN 3.11 6 0.021 0.114 to 0.950 
(Lcft) Vs Trained 

Single-leg EO Untrained MAX -3.19 6 0.019 -0.962 to -0.126 
(Lcft) Vs Trained 

Single-leg EC Untrained MIN 3.25 5 0.023 0.156 to 1.3 30 
(Left) Vs Trained 

Single-leg EC Untrained MAX -3.65 
I 

5 0.015 -1.317 to -0.229 
I 

(Lcft) I Vs Trained I I I 
EO = Eyes open EC = Eves Closed DF = Degrees of Freedom 

With significance also found in single-leg (Right) as presented in Table n' 8.67. 

Table n' 8.67 SýOificanl Results o -test Analysis on Single-leg Righo fo ! tPaired tLL 
- 11 nc ýr--- --. -P 

7' 

Single-leg EC Untaped. N111"N -1.52 0 0.04o omo5 to 0.379 
Right) Vs Taped 

Single-leg EO Untrained MAX 4.02 6 0.007 -0.874 to -0.212 
(Right) Vs Trained 

I 

Single-leg EO Untrained MIN 2.61 7 0.035 0.059 to 1.214 
(Right) Vs Trained I 

Single-leg EC Untrained MAX 72-89 7 0.023 - 1.13 5 to -4). 113 
(Right) Vs Trained 

Single-leg EO UntraineT e MIN 3.84 6 0.009 0.171 to 0.768 
(Right) I Vs Trained 

FO = Eves ot)en EC = Eves Closed DF = Dearces of Freedom 

For the same analysis on double-leg stance, no statistical significance was found 

with significance set at the 0.05 level. 

Paired t-test analysis was also conducted on the soleus muscle data to compare the 

within-subject factor of stance condition. Within the single-leg and double-leg 

conditions, significance was found only in single-leg (Left) versus single-leg 
(Right) stance positions as shown in Table n' 8.68. 

209 



M. W. Faithful Chapter 8 

Table n' 8.68 Significatil Results o? f Paired west Anal 4s on Within-subjec tyýi 
Factor f ý:! It 11 ICC 0.051w 

Lcft Vs EC 
Right 

TTaaped NN It 11 NN 
I 

2.51 15 0.024 0.0 13 to 0.161 

ECI = Eves open EC = Eyes Closed DF = Degrees of Freedom 

If single-leg stance positions are compared with double-leg stance positions, 

paired sample t-test analysis reveals significance as presented in Table n' 8.69. 

ignificant Results of Paired 1-test Analysis on Within-subject Table n' 8.69 S 
Comparison of Single-l-eg and Doti ble-lýg Stance; Sole us-Aluscle (p --0.05 for 
significance) 

9477.7m = 1N o r 
Lcft Vs EC Untaped MIN -2.99 5 0.030 -0.086 to -0.007 
Narrow 
Lcft Vs EC Untaped MAX 2.78 5 0.039 0.004 to 0.094 
Narrow 
Lcft Vs EC Trained MIN -2.64 11 0.023 -0.608 to -0.055 
Narrow I 
Left Vs EC Trained MAX 2.63 11 0.024 0.051 to 0.584 
Narrow 
Lcft Vs EC Untaped MIN -2.59 6 0.041 -0.074 to -0.002 
Wide 

Left Vs EO Trained MIN -2,69 11 0,021 -0.397 to -0.040 
Wide 

Left Vs EO Trained MAX 2.59 11 0,025 0.031 to 0.384 
Wide 

Left Vs EC Trained MIN -2.42 11 0.034 -0.583 to -0.027 
Wide 

Left Vs EC Trained MAX 2.44 11 0.033 0.028 to 0.544 
Wide 

Right Vs EC Untaped MIN -3.47 5 0.018 -0.127 to -0.0 19 

Narrow I 
Right Vs EC Untaped MAX 3.34 5 0.020 0.0 18 to 0.140 
Narrow 
Right Vs EC Taped MIN -2.36 10 0.040 -0.22 Ito -0.006 
Narrow 

Right Vs EC Trained MAX 2.24 11 0.047 0.005 to 0716 
Narrow 

I 

Right Vs EC Untaped MIN -2.93 6 0.026 -0.111 to -0.0 10 
Wide 

Right Vs EC Untaped MAX 2.78 6 0.032 0.008 to 0.123 
I Wide I 

Pn = Fve,. nrv-. n FC = Fves Closed DF = Devrnt-Q nf Frp. -anm 

210 



M. W. Faithful Chapter 8 

Independent t-test analysis was conducted to compare conditions between groups 

of Untaped versus Untrained and Taped versus Trained for soleus peak values of 

muscle activity. With statistical significance set at 0.05 and Levene's test for 

equality of variances in place, significance was found between groups and the 

significant results are presented in Table no 8.70. 

Y- yp Table d 8.70 Sipfificant Results for ItLdependent I-lest Anal sis Between Gro s; 
I; Zolouv AAvA, ýn 0 05 tt)r viunifirniv 

Pý, ak F-fiflue p-Value Vari p- Iiihie Or 

Valae 
Le 

Eq 
Leg: Ta VsTramcd Eyes n 

MIN 32.056 0.000 Unequal 2.47 13.12 0.028 0.107 0.034 to 
0,498 

MAX 37.598 0.000 Unequal -2.47 13.11 0.028 0.109 -0.505 to 

I I 1 1 -0.034 
Le Leg: Ta Vs Train Eyes Closed 

MIN 20.951 0,000 Unequal 2.54 13.19 0.024 0.129 0.049 to 
0.607 

MAX 

1 

29.625 0.000 Unequal -2.58 13.18 0,013 0.129 -0.6 10 to 

-0.054 
Ri i Leg: Taped Vs Trai ed Eves Open 

MIN 96.863 0.000 Unequal 2.56 13.23 0.023 0.088 0.035 to 
0.417 

MAX 117.402 0.000 Unequal -2.61 13.16 0.021 0.101 -0.483 to 

1 1 -0.045 

df = Degrees of Freedom 
SE = Standard Error 
95% Cl = Ninety-five percent Confidence Interval. 
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8.4.2 EMG - Mean Results of Ten Second Balance Trials 

For all subjects in each test condition, four EMG traces were obtained; one for 

each of the muscles tested. In each instance this trace consisted of 10 000 data 

points. For comparison between test conditions, the data points for every subject 

were sorted into ascending order and then within the test condition, each data 

point was averaged across subjects to give a mean ten second EMG trace 

consisting of 10 000 data point for the individual muscle. These mean traces were 

then represented graphically and statistically analysed to investigate any 

significance between test conditions and groups. 

The results for each muscle are again presented separately in the order; 

gastrocnemius, peroneal longus, tibialis anterior and soleus. Within each of these, 

stance position results are presented, single-leg (Left), single-leg (Right), double- 

leg (Narrow) and finally, double-leg (Wide). In each of the stance sections, 

presentation of the mean EMG traces for the eight test conditions is made. The 

test conditions are then disassociated for clarity into the taping and training 

groups. This is followed by the statistical analysis by paired and independent t- 

tests investigating the within and between group significances. Each stance 

section concludes with a statement of the means, standard deviations and Pearson 

correlation coefficients for all test conditions. 

8.4.2.1 Gastrocnemius - Mean Ten Second Balance Results 

Comparison of the eight test conditions for Single-leg (Left) is displayed in 

Figure n" 858 from which it can be seen that muscle activity for the 

gastrocnemius muscle in single-leg balance is greater in the eyes closed condition 

than the eyes open condition. 
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Eigure n" 858 Mean Muscle Activity (m P), /br the Gastrocnemius Muscle Single-leg (Lýfi) 

Comparison of Mean Muscle Activity for the Gastrocnemius Muscle; 
Single-leg (Left) 

0.3 T 

-Untaped EO 

0.15 Untaped EC 
5ý 

-Taped EO E 
Taped EC 

0 Untrained EI 
2- Untrained E, U to 

Trained EO 

-0.15 ýf II 
Trained EC 

-0.3 Time (Seconds) 

Separation into the taping (Figure it" S59) and training (Figure /I() S60) groups 

reveals very little change in activity with tape and after training in the eyes closed 

condition, but a slight increase with both in the eyes open condition. 

FIgUIV 17" 8_59, WC(MAhiscle ActivaY (nit), lbr the Gastrocneinius Uiscle Single-leg (Lý10 
in the Taping Grozip 

Comparison of Mean Muscle Activity for the Gastrocnernius Muscle; 
Single-Leg (Left) Taping Group (EO and EC) 

0.3 

0.15 

E 

P 

0 
u 

-0.15 

-0.3 Time (Seconds) 

J EO 

d EC 

EO 

EC 
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Figzirc n'' NOOMean Mitycle Activa 
, 
I, (m I) fin- 117C Gayll-oc. "emills mliscle Single-leg (Lcýfi) 

in the Training Group 

Comparison of Mean Muscle Activity for the Gastrocnernius Muscle; 
Single-leg (Left) Training Group (EO and EC) 
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0.15 

E 
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15 
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Statistical analysis of the mean results show no significant differences within the 

groups of taping and training as analysed by paired t-tests Table n' 8.71 or 

between the groups as analysed by independent t-tests Table n' 8.72. All test 

conditions also have a high degree of correlation as presented in Table n' 8.73. 

Table no 8.71 Paired West AnaLsis on Sil le-1 Left Within Grows for Mean 
EkIG Results of Ten Second Balance I ýials; Gastrocnemius Muscle 
M<0 05 forSivnificance) 

TEST 
CONDITION 

EO UNTAPED 
vs 

EC UNTAPED 

EO TAPED 
vs 

EC TAPED 

EO UNTRAINED 
vs 

EC UNTRAINED 

EO TRAINED Vs 
EC TRAINED 

9999 9999 9999 9999 

-0.126 -0.010 0.068 -0.017 

0.900 0.992 0.946 0.987 

h-'S T 
CONDITION 

EO UN PED 
vs 

EO TAPED 

EC UNTAPED 
vs 

EC TAPED 

EO UNTRAINED 
vs 

EO TRAINED 

EC UNTRAINED 
vs 

EC TRAINED 
9999 9999 9999 9999 

-0.084 0.574 -0.168 -0.947 

0.933 

- 

0.566 

I 

0.866 0.344 

I 
EO ý Eycs Open EC = Eyes Closed 
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. 
Table n' 8.72 1 ependent I-lest Analysis on Si le-1 t! ýL M- (Left) Between Groyps 

- ! ýg 
Mean EMG Results of 7en Segond Balance Trials, Gastrocnemius Muscle 
(v --0.05 for Si-enificance) 

TEST 
ITION 

EO UNTAPED 
1/1's, 

EO UNMINED 

EC UNTAPED 
vs 

EC UNTRAINED 

EO TAPED 
vs 

EO TR41NED 

EC TAPED 
vs 

EC TRAINED 
19998 19998 19998 19998 

0,018 0.085 0.013 0.006 

0.986 0.932 0.990 0.995 

EO = Eyes Open EC = Eves Closed 

Table n' 8.73 Means, Standard Deviations and Pearson Correlalion Results in all 
Test Conditions forSitwle-leQ, (Left): Gastrocnemius Muscle 

X 

-6.02 -2.08 -4.79 -4.66 -6.64 -8.53 -5.42 -5.11 

0.022 0.053 0.036 0.049 0.026 0.054 0.033 0.052 

EO I 
Untaped 
EC 0.982 1 
Untaped 
EO Taped 0.992 0,991 1 

EC Taped 0.987 0.998 0.994 1 

EO 0.997 0.988 0.998 0.992 1 
Untrained 
EC 0.988 0.994 0.998 0.996 0.995 1 
Untrained 
EO 0.991 0.995 0.999 0.997 0.997 0.998 1 

ed Train 
EC 0.987 0,997 0.997 0.999 0.994 0.998 0.999 1 
Trained 
StD Standard Deviation 
EO Eyes Open 
EC = Eyes Closed 

Comparison of the eight test conditions for Single-leg (Right) is displayed in 

so I from which it can be seen that muscle activity for the 

gastrocnemius muscle in single-leg balance is greater in the eyes closed condition 

than the eyes open condition for the majority of test conditions. 
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Figure n" 801 Mean Muscle ActivilY (m ý )Jor 117e Gastroctionius Muscle Single-leg 
(Right) 

Comparison of Mean Muscle Activity for the Gastrocnernius 
Muscle; Single-leg (Right) 

0.3 1 

0.15 
5ý 
E 

0 
2 

-0.15 

456 
IIT 
789 

Untaped EO 

Untaped EC 

Taped EO 

Taped EC 

Untrained EO 

Untrained EC 

Trained EO 

Trained EC 

-0.3 
Time (Seconds) 

Separation into the taping (Figure n" 802) and training (Figure d' S03) groups 

reveals virtually no change in muscle activity between Untaped and Taped eyes 

open conditions, but a slight increase in muscle activity with taping in the eyes 

closed condition. By comparison, in the training group there is a decrease in 

muscle activity with training in the eyes closed test condition and noticeably, a 

higher level of muscle activity in the eyes open trained condition by comparison 

to the other three test conditions within the group. 

216 



M. W. Faithful Chapter K 

Figure n" 862 Mean Muscle Activi(v (m [). fi)r the Gastrocnemius Muscle Single-leg 
(Right) in the Taping Group 

Comparison of Mean Muscle Activity for the Gastrocnemius 
Muscle; Single-leg (Right) Taping Group (EO and EC) 

0.3 

0.15 
5ý 
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-0.3 
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Figure n" 863 Mean Muscle Activiýv (m V). Jbr the Gastrocnemius Muscle Single-leg 
(Right) in the Training Group 

Comparison of Mean Muscle Activity for the Gastrocnernius 
Muscle; Single-leg (Right) Training Group (EO and EC) 

0.3 

0.15 

2 
-0.15 

-0.3 
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Statistical analysis of the mean results show no significant differences within the 

groups of taping and training as analysed by paired t-tests Table n' 8.74 or 
between the groups as analysed by independent t-tests Table n' 8.75. All test 

conditions also have a high degree of correlation as presented in Table n' 8.76. 
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Table ho 8.74 Paired I-test Anal g ysis on Sit? gle-l Rh ithin Groyps for Mean ! ýg ftft W 
EMG Results of Ten Second Balance Trials; Gastrocnemius Muscle 
(p < 0.05 for Siknificance) 

TEST 
CONDITION 

EO UNTAPED 
vs 

EC UNTAPED 

EO TAPED 
vs 

EC TAPED 

EO UNTRAINED 
vs 

EC UNTRAINED 

EO TRAINED Vs 
EC TRAINED 

9999 9999 9999 9999 

-0.127 0.069 -0.037 -0.233 

0.899 0.945 0.971 0,816 

TEST 
CONDITION 

EO UNTAPED 
vs 

EO TAPED 

EC UNTAPED 
vs 

EC TAPED 

EO UNTRAINED 
vs 

EO TRAINED 

EC UNTRAINED 
vs 

EC TRAINED 
9999 9999 9999 9999 

-0.632 0.114 0.009 -0.050 

0.528 0.909 0.993 0.960 

EO = Eyes Open EC = Eves Closed 

Table n' 8.75 Independent West AggjIsis on Sftlle-leg (Righo Between Gro 
for Mean ENIG Results of Ten Second Balance Trials; Gastrocnemius Muscle 
(p < 0.05 for Si-enificance) 

TEST EO UNTAPED EC UNTAPED EO TAPED EC TAPED 
C ONDITION vs vs vs vs 
; 

EO UNTRAINED EC UNTRAINED EO TRAINED EC TRAINED 
19998 19998 19998 19998 

-0,009 0.004 0.030 -0.035 

0.993 0.997 0.976 0,972 

EO = Eyes Open EC = Eyes Closed 
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Table n' S. 76 Means, Standard Deviations and Pearson Correlation Results in all 
Test Conditions for Sim-le-lev (Right): Gastrocnemius Muscle, 

4 

-7.30 -5.30 -5.50 -7.80 -7.00 -5.70 -7.20 -5.00 

0.031 0.046 0.033 0.067 0.023 0.058 0,045 0.046 

EO I 
Untaped 
EC 0.996 1 
Untaped I I 
EO Taped 0.999 0.998 1 

EC Taped 0.994 0.998 0.997 1 

EO 0.994 0.988 0.992 0.982 1 
Untrained 
EC 0.993 0.999 0.997 0.999 0.983 
Untrained 
EO 0.981 0.965 0.977 0.969 0,967 0.961 1 
Trained 

I 

EC 0.998 
i 

0.997 
I 

0.998 0.997 0.990 0.995 0.979 1 
II 

L Trained I 

I 

I 
StD Standard Deviation 
EO Eves Open 
EC Eves Closed 

Comparison of the eight test conditions for Double-leg (Narrow) is displayed in 

I- igitre ti" 804 from which it can be seen that muscle activity for the 

gastrocnemius muscle in Double-leg balance is virtually the same for all test 

conditions with the exception of Taped, both eyes open and eyes closed 

conditions. 
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Viourc d' S04 Akan Nhiscle Activai, (mI, ). fi)r the Gastrocnemnis Musele I)otible-leg 
(Narrou. ) 

Comparison of Mean Muscle Activity for the Gastrocnemius Muscle; 
Double-leg (Narrow) 

0.1 

Untaped EO 
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Separation into the taping (Figiire it" 865) and training (Figilre it" N06) groups 

shows this difference more clearly with an increase in muscle activity being 

evident in the Taped, eyes open condition compared to the Untaped condition and, 

a further increase in activity when the eyes are closed. By contrast, the training 

group reveals no change in muscle activity in any of the test conditions. 

Figure n' 86j Mean Muscle Activity (mP). Ibr the Gastrocnemius Muscle Double-leg 
Narrow) in the Taping Group 

Comparison of Mean Muscle Activity for the Gastrocnemius Muscle; 
Double-leg (Narrow) Taping Group (EO and EC) 

0.1 

0.05 

E 
>1 

> 
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Figure n" 866 Mean Muscle Activity (m V). Ii)r the Gastrocnemius Muscle Double-leg 
(Norrow) in the Troinim, Gronp I 

Comparison of Mean Muscle Activity for the Gastrocnemius Muscle; 
Doub le-leg (Narrow) Training Group (EO and EC) 

0.1 

0.05 
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l» 
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tined EO 
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Statistical analysis of the mean results show no significant differences within the 

groups of taping and training as analysed by paired t-tests Table n' 8.77 or 
between the groups as analysed by independent t-tests Table n' 8.78. 

Within Groyps Table n' 8.77 Paired West Analysis on Double-leg Narrow 
Mean EMG Results of Ten Second Balance Trials; Gastrocnemius Muscle 
(D ý- 0.05 forSi-anificance) 

TEST EO UNTAPED EO TAPED EO UNTRAINED EO TRAINED Vv 
CONDITION vs vs vs EC TRAINED 

EC UNTAPED EC TAPED EC UNTRAINED 
9999 9999 9999 9999 

-0.048 0.055 -0.320 -0.210 

0.962 0.956 0.749 0.834 

T MT EO UNTAPED EC UNTAPED EO UNTRAINED EC UNTRAINED 
CONDITION vs vs vs vs 

EO TAPED EC TAPED EO TR41NED EC TRAINED 
)9 9999 9999 9999 

-0.044 0.008 0.024 0.068 

ý5 0.993 0.981 0.946 

Lu = tycs LVn tt- = tyes (-'Ioscci 

221 



M. W. Faithful Chapter 8 

Table n' 8.78 Independent 1-test Analysis on Double-leg (Narrowvj Between 
Groups 

- 
for Mean EMG Results of Teti Second Balance Trials; Gastrocnemius 

Musc (p < 0.05for &gnificance) 
TEST EO UNTAPED 

CONDITION vs 
EO UNTRAINED 

EC UNTAPED 
vs 

EC UNTRAINED 

EO TAPED 
vs 

EO TRAINED 

EC TAPED 
vv 

EC TRAINED 
19998 19998 19998 19998 

0.005 0.001 0.035 -0.003 

0.996 0.999 0.972 0,998 

EO = Eves Open EC = Eyes Closed 

In the case of Double-leg (Narrow), not all test conditions have a high degree of 

correlation. This is due to the fact that there is a higher level of muscle activity in 

the Taped test conditions than the others, resulting in a low correlation of this test 

condition with the rest of between 0.519 and 0.756 as presented in Table n' 8.79. 

Table n' 8.79 Means, Standard Deviations and Pearson Correlation Results in all 
Test Conditions for Double-lev (Narrow): Gastrocnemius Muscle 

X 
Qý 

"t 
v "Z 

"t 
%) 

"Z 

r). 
1 

*t 
%) 

S 
"t 
ýJ 

Cx 
It 
ýQ 

"t 
tu 

Z L 
t Z ts 4 w w ;ý W ta zý 4 

ýj 
4 

3.27 2E-06 7.57 -2.90 -5.70 1.71 -9.30 7.18 
E-06 E-06 

0.013 0.015 0.021 0.035 0.014 0.014 0.012 0.013 

EO I 
Untaped 
EC 0.973 1 
Untaped 
EO Taped 0.624* 0.756* 1 

EC Taped 0.519* 0.669* 0.991 1 

EO 0.996 0.986 0.691* 0.592* 
Untrained 

I 

EC 0.994 0.990 0.703* 0.606* 1.000 1 
Untrained 
EO 0.996 0.988 0,688* 0.590* 1.000 1.000 1 
Trained 

-A 
EC 0.996 I 1 0.990 0.684* 0.586* I 0.999 0.999 1.000 
Trained I 
SO Standard Deviation 
EO Eyes Open 
EC Eyes Closed 
*= Low Correlation 
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Comparison of the eight test conditions for Double-leg (Wide) is displayed in 

j. '1gjjj-e 11" S07 from which it can be seen that muscle activity for the 

gastrocnemius muscle in Double-leg balance is virtually the same for all test 

conditions, again with the exception of Taped, both eyes open and eyes closed 

conditions. 

Figure n" 86 7 Mean Muscle Acfiviýv (m ý) 
. 
1br the Gastrocnemius Muscle Double-leg 

(Wide) 

Comparison of Mean Muscle Activity for the Gastrocnemius Muscle; 

0.1 
Double-leg (W ide) 

0.05 

0 
2 

u 

-0.05 

"0.1 

Untaped EO 

Untaped EC 

-Taped EO 

-Taped EC 
ýý5 

6 7,8 9 1) - Untrained EO 

- Untrained EC 

Trained EO 

Trained EC 
I 

Tinme (Seconds) 

Separation into the taping (Figtire n" S68) and training (Figure n" S69) groups 

shows this difference more clearly with an increase in muscle activity being 

evident in the Taped condition compared to the Untaped but no difference within 

the Taped condition between eyes open and eyes closed visual conditions. Again, 

by contrast the training group reveals no change in muscle activity in any of the 

test conditions. 

- Untaped EC 

-Taped EO 

-Taped EC 

6789 1) - Untrained EO 

- Untrained EC 

Trained EO 

Trained EC 
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Figure n" 868 Mean Muscle Acliviýv (m P). 1br the Gastrocnemms Muscle Double-leg 
(Wide) in the Taping Group 

Comparison of Mean Muscle Activity for the Gastrocnernius Muscle; 
Double-leg (Wide) Taping Group (EO and EC) 

I ---- -- 

0.05 

5; 
E 

4 
w 
U 

-0.05 

-0.1 
Time (Seconds) 

Figure n' 869 Mean Muscle Activity (m 1), Ibr the Gastrocnemius Muscle Double-leg 
(TVide) in the Training Group 

Comparison of Mean Muscle Activity for the Gastrocnemius 
Mscle; Double-leg (Wide) Training Group (EO and EC) 

0.1 

0.05 
5ý 
E 

0 

-0.05 

-0.1 
Time (Seconds) 
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Statistical analysis of the mean results show no significant differences within the 

groups of taping and training as analysed by paired t-tests Table n' 8.80 or 
between the groups as analysed by independent t-tests Table no 8.81. 

. 
Table n' 8.80 Paired 1-test Anal is on Double-I is fo ys -! ýg (Wide) With n Groyp 
Mean EMG Results of Ten Second Balance Trials; Gastrocnemius Muscle 
(n <0 05 for. 'ýýPnifirance) 

TEST 
CONDITION 

EO UNTAPED 
vs 

EC UNTAPED 

EO TAPED 
vs 

EC TAPED 

EO UNTRAINED 
vs 

EC UNTRAINED 

EO TRAINED Vs 
EC TRAINED 

9999 9999 9999 9999 

-0.114 -0.143 0.476 -0.302 

0.909 0.887 0.634 0.762 

TEST 
NDITION 

EO UNTAPED 
vs 

EO TAPED 

EC UNTAPED 
vs 

EC TAPED 

EO UNTRAINED 
vs 

EO TRAINED 

EC UNTRAINED 
vs 

EC TRAINED 

/lid 
9999 9999 9999 9999 

0.018 0,009 0.157 -0.201 

0.986 0.993 0,751 0.840 

EO = Eyes Open EC = Eves Closed 

Table n' 8.81 IiLdependent t-testAtialvsisonDouble-leg Lide) Between Groyp 
for Mean FMG Results of Teti Second Balance Trials, Gastrocnemius Muscle 
tn <0 05 for. 4Ziurnifirnnr,, ) 

TEST 
CONDITION 

EO UNTAPED 
vs 

F-0 UNTRAINED 

EC UNTAPED 
vs 

EC UNTRAINED 

EO TAPED 
vs 

EO TRAINED 

EC TAPED 
vs 

EC TRAINED 

19998 19998 19998 19998 

-0.005 0.011 -0.013 -0.007 

0,996 0.991 

L 

0.990 0,994 

L- u= tyes kAwn m= Lyes uosca 

In the case of Double-leg (Wide), not all test conditions have a high degree of 

correlation. This is due to the fact that there is a higher level of muscle activity in 

the Taped test conditions than the others, resulting in a low correlation of this test 

condition with the rest of between 0.481 and 0.5 89 as presented in Table n' 8.82. 
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Table n' 8.82 Means, Standard Deviations and Pearson Correlation Results in all 
Test Conditions for Double-le-z (Wide); Gastrocnemius Muscle 

3z 

it 
-4 

3.29 1.09 -6.40 -2.20 1.28 -1.00 -5.50 9,65 
E-06 E-06 E-06 E-06 E-06 

0.013 0.013 0.043 0.041 0.014 0.014 0.014 0.014 

EO I 
Untaped 
EC 1.000 1 
Untoped 
EO Taped 0.538* 0.534* 1 

EC Taped 0.516* 0.512* 0,999 1 

EO 0.999 0,999 0.572* 0.551* 
Untrained 
EC 0.998 0.998 0.589* 0.568* 0.999 1 
Untrained 
EO 0.999 0.999 0.503* 0.481* 0.996 0.995 1 
Trained 
EC 1,000 

I 
1.000 0.531* 0.510* 0.999 0.997 

I 
0.999 

Trained I I I 
SO Standard Deviation 
EO Eyes Open 
EC Eyes Closed 
*= Low Correlation 
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8.4.2.2 Peroneus Lonims - Mean Ten Second Balance Results 

Comparison of the eight test conditions for Single-leg (Left) is displayed in 

1, , ignre li" 870 from which it can be seen that muscle activity for the peroneus 
longus muscle in single-leg balance is greater in the eyes closed condition than the 

eyes open condition. 

Figure n" 81-OAfecin Afnsc/c Activii. i, (m I) fi)r ihc Pcrot7cus Longus 

(Lefi) 

Comparison of Mean Muscle Activity for the Peroneus Longus 
Muscle; Single-leg (Left) 

0.5 - ----- 

- Untaped EO 

0.25- - Untaped EC 
> E -Taped EO 

Taped EC 
:50- 

-Untrained EO 
3456789 

-Untrained EC 

2 Trained EO 
-0.25 

r 

Trained EC 

-0.5 Time (Seconds) 

Separation into the taping (], igitre it" 8-71) and training (1, Jgure it" 872) groups 

reveals an increase in muscle activity on closing the eyes In both groups. For the 

taping group the muscle activity in the Taped condition is higher for both visual 

conditions than in the eyes closed condition Untaped, thus there is an overall 

increase in muscle activity in the peroneus longus with tape as compared to the 

Untaped condition. 

Although the training group shows an increase in muscle activity with the eyes 

closed, this level of activity is the same for the Untrained and Trained conditions, 

eyes closed, in comparison with a slight increase in activity in the eyes open 

Trained condition compared to the Untrained condition. 
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Akan Allocic Ac /? I tOl- IhC I 'L! PMCN, ý 

(Left) in the Taping Group 

Comparison of Mean Muscle Activity for the Peroneus Longus 
Muscle; Single-leg (Left) Taping Group (EO and EC) 

0.25 
5ý 
E 
Z, 
Z 

0 

-0.25 

-0.5 

Figure n" 872 Mean Muscle Activiýv (mý)Jbr the Peroneus Longus Muscle Single-leg 
(Teft) in the Training Group 

Comparison of Mean Muscle Activity for the Peroneus Longus 
Muscle; Single-leg (Left) Training Group (EO and EC) 

0.5 

0.25 

5 
E 
Zý 

0 

-0 . 
25 

Z 

-0.5 Time (Seconds) 

-Untaped EO 

__ - Untaped ECýl 

-Taped EO 

Taped EC 

_Untrained EO 

-Untrained EC 

Trained EO 
101 

Trained EC 

Statistical analysis of the mean results show no significant differences within the 

groups of taping and training as analysed by paired t-tests Table n' 8.83 or 
between the groups as analysed by independent t-tests Table n' 8.84. All test 

conditions also have a high degree of correlation as presented in Table n' 8.85. 
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Table n' 8.83 Paired I-lest Analysis on Si le-1 Left) Within GroRpv for Mean !W ! ýg (- 
FMG Results of Ten Second Balance Trials; Peroneus LoWis Muscle 
(p -- 0.05 fi)r Significance) 

EO UNTAPED 
vs 

EC UNTAPED 

EO TAPED 
vs 

EC TAPED 

EO UNTRAINED 
vs 

EC UNTRAINED 

EO TRAINED Vs 
ECTRAINED 

9999 9999 9999 9999 

0.063 0.077 0.000 0.003 

0.950 0.938 1.000 0.997 

CONDITION 
EO UNTAPED 

vs 
EO TAPED 

EC UNTAPED 
vs 

EC TAPED 

EO UNTRAINED 
vs 

EO TRAINED 

EC UNTRAINED 
vs 

EC TRAINED 
)999 9999 9999 9999 

-0.021 0.016 0.047 0.203 

1.983 0.987 0.962 0.839 

EO = Eyes Open EC = Eyes Closed 

e1 Betwee Gro s Table n' 8.84 Independent 1-test Analysis on Single-leg (L fl) 11 yp 
Mean FMG Results of Teti Second Balance Trials; Peroneus Lot? gLis Muscle 
tn < 0.05 for Sivni ficance) 

TEST 
CONDITION 

EO UNTAPED 
vs 

EO UNTRAINED 

EC UNTAPED 
vs 

EC UNTRAINED 

EO TAPED 
vs 

EO TRAINED 

EC TAPED 
vs 

EC TRAINED 

i 9998 19998 19998 19998 

)016 -0.006 0.028 -0.003 

0987 0.995 0.978 0.998 

EO = Eý es Open EC ý Eyes Closed 
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Table n' 8.85 Means, Standard Deviations and Pearson Correlalion Results ill all 
Tem Condilions for Sitizle-lejZ (Lefl); Peroneus Lonvis Muscle 

IIE 
a 

L ýý a I ý ZI 
I 

W' 

14 4t w t: ts 

Dý x Et Eý 
6.25 -1.27 1.53 -2.27 -4.03 -4.18 -1.57 -1.73 
E-06 E-06 E-06 
0.039 0.069 0.082 0.130 0.049 0.126 0.073 0.121 

EO I 
Untaped 
EC 0.994 1 
Untaped 
EO Taped 0.999 0.994 1 

EC Taped 0.995 0.999 0.996 1 

EO 0.998 0.998 0.999 0.998 1 
Untrained 
EC 0.984 0.997 0.985 0.996 0,990 
Untrained 
EO 0.990 0.999 0.991 0.998 0.995 0.999 
Trained I I 
EC 0.986 0,998 0.988 

I 
0.997 1 0.992 0.999 0.999 1 

Trained 
I 1 

I 
SW Standard Deviation 
EO Eyes Open 
EC Eyes Closed 

Comparison of the eight test conditions for Single-leg (Right) is displayed in 

Figure ti" 8113 from which it can be seen that muscle activity for the peroneus 

longus muscle in single-leg balance is greater in the eyes closed condition than the 

eyes open condition for the majority of test conditions. 
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I, igitre n'' 87_33 Mean Muscle Aclivitv, (ni I) 
. 
1br the Peroneus LongusMuscleSingle-leg 

(Right) 

Comparison of Mean Muscle Activity for the Peroneus Longus 
Muscle; Single-leg (Right) 

0.5 

;- Untaped EO 
0.25 Untaped EC > 

-Taped EO 

0 
Taped EC 

-Untrained EO 56789 

-Untrained EC 

-0.25 Trained EO 

Trained EC 

-0.5 
Time fSeconds) 

Separation into the taping (Figiire n" V74) and training (Figtire it" S-5) groups 

reveals virtually no change in muscle activity between Untaped and Taped eyes 

open conditions, but a slight increase in muscle activity with taping in the eyes 

closed condition. By comparison, in the training group there is a decrease in 

muscle activity with training and noticeably, a higher level of muscle activity in 

the eyes open Untrained condition by comparison to the other three test conditions 

within the group. 
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biguren 
O? ilht) ýi" the Tapi"(Z Co-o7in 

Comparison of Mean Muscle Activity for the Peroneus Longus 
Muscle; Single-leg (Right) Taping Group (EO and EC) 

0.5 

0.25 
> 
E 

> 

-0.25 

-0.5 
Time (Seconds) 

Untaped EO 

Untaped EC 

Taped EO 

Taped EC 

Figure n' 8f7jVfean,, Vlusc/e Activny (mV) tbr the Peronezis Longus Muscle 
(Right) in the Training Group 

Comparison of Mean Wscle Activity for the Peroneus Longus 
Wscle; Single-leg (Right) Training Group (EO and EC) 

0.5- 

0.25 

E 

> 

-0.25 

-0.5 - -- 
Time (Seconds) 

Untrained EO 

Untrained EC 

Trained EO 

Trained EC 

Statistical analysis of the mean results show no significant differences within the 

groups of taping and training as analysed by paired t-tests Table n' 8.86 or 
between the groups as analysed by independent t-tests Table n' 8.87. All test 

conditions also have a high degree of correlation as presented in Table n' 8.88. 

232 



M. W. Faithful Chaptcr 8 

Mb/e n' 8.86 Paired 1-test Analysis on Sftle: & R ho Withill GL(yi s for Mean !g ft, -p- PMG Resufts of len Second Balance Trials; Peroneus LotWis Muscle 
(p -- 0.05 for lv'jznificance) 

TEST 
CONDITION 

EO UNTAPED 
vs 

EC UNTAPED 

EO TAPED 
vs 

EC TAPED 

EO UNTRAINED 
vs 

EC UNTRAINED 

EO TRAINED Vs 
ECTRAINED 

9999 9999 9999 9999 

0.046 0.038 -0.004 0.151 

64 0.969 0.997 0.880 

TEST 
CONDITION 

EO UNTAPED 
vs 

EO TAPED 

EC UNTAPED 
vs 

EC TAPED 

EO UNTRAINED 
vs 

EO TRAINED 

EC UNTRAINED 
vs 

EC TRAINED 
9999 9999 9999 9999 

0.848 0.208 -0.014 0.125 

0.396 0.835 0.989 0.900 

EO = Eyes Open EC = Eyes Closed 

Table n' 8.8 7 IiLdependent I-lest Analys le-1 ho Between Gro 
_ 

is on SitW, 
- -gg 

(Rý 
for Mean TMG Results o? f 7en Second Balance Trials, Peroneus Long-? is Muscle 

tn --- 0.05 fi)rSivnificance) 
TEST 

CONDITION 
EO UUNTAPED 

vs 
EO UNTRAINED 

EC UNTAPED 
vs 

EC UNTRAINED 

EO TAPED 
vs 

EO TRAINED 

EC TAPED 
vs 

EC TRAINED 

19998 19998 19998 19998 

0.013 0.008 -0.024 -3E-05 

moil 
0.990 0.994 0.980 1.000 

EO = Eves Open EC = Eves Closed 
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l4ble n' 8.88 Means, Standard Deviations and Pearson Correlalion Revilts in all 
lest Conditions Ibr Sinole-leQ, (Rivhf): Peroneus Lonvus Muscle 

z 
z 

lit 
%I "Z 

ý, 4- 
It 
%) "Z 

F3 
It 
14) 

ýz 4 
Itm 
%) It 

I LQ LQ 2 1-4 t 
CQ 11 1. W 11 LQ t LQ "t it z Z ýj 

1.99 1.08 -2.40 -4.00 -4.80 -3.40 6.97 -4.00 
i 

E-06 E-06 E-06 
0.031 0.046 0.033 0.067 0.023 0.058 0.045 0.046 

EO I 
Untaped 
EC 0.995 J I 
Untaped 
EO Taped 0.999 0.998 1 

EC Taped 0.986 0.993 0.992 1 

EO 0.994 0.991 0.992 0.971 1 
Untrained 
EC 0.990 0.998 0.996 0.997 0.983 
Untrained 
EO 0.973 0.984 0.982 0.998 0,954 0.992 
Trained 

0.978 
. 
987 

1 
0.998 0.964 0.996 0.999 

StD Standard Deviation 
EO Eyes Open 
EC Eyes Closed 

Comparison of the eight test conditions for Double-leg (Narrow) is displayed in 

Figure n' 876 from which it can be seen that muscle activity for the peroneus 

longus muscle in Double-leg balance is slightly different for all test conditions. 
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Fignre W' 8.70 AIean Afnscle ActivilY (ml). 1br the Peroneiis Longus Muscle I)oublc-leg 
(Narrow) 

Comparison of Mean Muscle Activity for the Peroneus Longus 
Muscle Double-leg (Narrow) 

0.2 

Untaped EO 

0.1 I- Untaped EC 

Taped EO 

> 
0 

-Taped 

EC 

55 6789 Untrained EO 

Untrained EC 

-0.1 Trained EO 

Trained EC 

-0.2 
Time (Seconds) 

Separation into the taping (Pigure 11" 877) and training (h , igure "" 878) groups 

shows this difference more clearly. For the taping group, there is an increase in 

muscle activity Taped for the eyes open condition compared to Untaped, but a 

decrease in activity in the eyes closed condition. 

For the training group, there is little difference between eyes open and eyes closed 

conditions, but muscle activity decreases with training for both visual conditions. 
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Comparison of Mean Muscle Activity for the Peroneus Longus 
Muscle; Double-leg (Narrow) Taping Group (EO and EC) 

(Narrow) in the Taping Group 

0.2 - 

0.1 

E 

4 

-0.1 

-0.2 

Chapter 8 

Untaped 

Untaped 

456789 101 --Taped EO 

Taped EC 

Time (Seconds) 

(Narrow) in the Training Group 

Comparison of Mean Muscle Activity for the Peroneus Longus 

0.2 
Muscle; Double-leg (Narrow) Training Group_(EO and EC) 

0.1 

57 
E 

-0.2 

-Untrained E6 

Untrained EC 

6789 jp! Trained EO 

Trained EC 

Time (Seconds) 

Statistical analysis of the mean results reveal no significant differences within the 

groups of taping and training as analysed by paired t-tests Table n' 8.89 or 
between the groups as analysed by independent t-tests Table n' 8.90. In the case 

of Double-leg (Narrow) for the peroneus longus muscle, all test conditions have a 
high degree of correlation as presented in Table n" 8.91. 
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Table n' 8.89 Paired west Anal ti ysis on Double-l! ýg (Narrow) Wi hn Groms 
Mean FMG Results o! f Teti Second Balance Trials; Peroneus LotWs Muscle 
(v < 0.05 for Significance) 

N 
EO UNTAPED 

vs 
EC UNTAPED 

EO TAPED 
vs 

EC TAPED 

EO UNTRAINED 
vs 

EC UNTRAINED 

EO TRAINED Vs 
ECTRAINED 

9999 9999 9999 9999 

0. 0.009 -0.009 -0.213 0.276 

0. 0.992 0.993 0.832 0.783 

1 LA I 
CONDITION 

EO UNTAPED 
vs 

EO TAPED 

EC UNTAPED 
vs 

ECTAPED 

EO UNTRAINED 
vs 

EO TRAINED 

EC UNTRAINED 
vs 

EC TRAINED 
9999 9999 9999 9999 

0.055 0.005 -0.1 F%Orl 0.056 

956 0.996 0.876 0.955 

EU = Eyes Upen EC = Eyes Closed 

Table n' 8.90 Independeni 1-test Analvsis on Double-lev (Na-rr-o-w)--Betweell 
Groj(ps for Mean EUG Results of kn Second Balmice Trials; Peroneus Lot? gy 
Atll, ýcle( - 0.05fi)r Significance) pý 

TEST 
CONDITION 

EO UNTAPED 
VIV 

EO UNTRAINED 

EC UNTAPED 
vs 

EC UNTRAINED 

EO TAPED 
vs 

EO TRAINED 

ECIAPED 
vs 

EC TRAINED 
19998 19998 19998 19998 

0.030 1 0.000 1 -0.054 1 0.021 

0.976 1 1.000 1 0.957 1 0,983 

EO = Eyes Open EC = Eyes Closed 
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Table n' 8.91 Means, Standard Deviations and Pearson Correlation Results it? all 
Test Conditions for Double-le-a Warrow): Peroneus Lonzus Muscle 

8.05 -2.10 -3.70 -3.00 -1.10 -2.30 1.93 1.10 
E-07 E-06 E-06 E-06 E-05 E-06 E-05 E-05 

004 0.035 0.012 0.019 0.040 0.036 0.041 0.032 

EO I 
Untaped I 
EC 0.976 1 
Untoped 
EO Taped 0.945 0.953 1 

EC Taped 0.916 0.956 0.989 1 

EO 0.908 0.954 0.981 0.993 1 
Untrained 
EC 0.923 0.967 0.981 0.994 0.999 1 
Untrained 
EO 0.982 0.975 0.908 0.895 0.881 0.900 1 
Trained 
EC 0.993 0.961 0.928 0.896 0.879 0.896 0.979 1 

II 

Trained I I I I 
SO Standard Deviation 
ECI Eyes Open 
EC Eves Closed 

Comparison of the eight test conditions for Double-leg (Wide) is displayed in 

Figure n" 879 from which it can be seen that muscle activity for the peroneus 

longus muscle in Double-leg balance not the same for all test conditions. 
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VICm Alles"I"C Activit". on; ")r the P,, ronclo [omýlts Allisc-A! PolibIC-1c" 

(Wide) 

Comparison of Mean Muscle Activity for the Peroneus Longus 

0.2 Muscle; 
-Double-leg 

(Wide) 

0.1 

5ý 
E 

t; 

0 

-0.1 

-0.2 
Time (Seconds) 

Untaped E0 

Untaped EC 

Taped EO 

-Taped EC 

-Untrained EO! ý 

Untrained EC' 

Trained EO i 

Trained EC 

Separation into the taping (' ! and training (! -, ;! ý groups 

shows the difference more clearly. A decrease in muscle activity is evident Taped 

compared to Untaped in the eyes open condition, but an increase in muscle 

activity is seen in the eyes closed condition. No difference is apparent within the 

Taped condition between eyes open and eyes closed visual conditions. 

In the training group there is a decrease in muscle activity for the peroneus longus 

after training, but no difference is seen between visual conditions for Untrained 

and Trained conditions. 
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Pigure n" 880 Mean Muscle Acnviýv (m 1). 10r the Peroneus Longus Muscle Double-leg 
(Wide) in the Taping Group 

0.2 

0.1 
5ý 
E 

-0.2 

Comparison of Mean Muscle Activity for the Peroneus Longus 
Muscle; Double-leg (Wide) Taping Group (EO and EC) 

Tkne(Seconds) 

Eigure n'881 Mean Muscle Activity (mP) for the Peroneus Longus Muscle Double-leg 
(Wide) in the Training Group 

Comparison of Mean Muscle Activity for the Peroneus Longus 
Muscle; Double-leg (Wide) Training Group (EO and EC) 

0.2 

0.1 
5ý 
E 

0 

-0.2 
Time (Seconds) 

Statistical analysis of the mean results show no significant differences within the 

groups of taping and training as analysed by paired Mests Table n' 8.92 or 
between the groups as analysed by independent Mests Table n' 8.93. In the case 

of Double-leg (Wide) all test conditions have a high degree of correlation as 

presented in Table d 8.94. 
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Table n' 8.92 Paired t-lest A nal5Ls: is on Double-I ide) Within Grov's fo ! ýg (! Ký_ 
-- Mean FMG Results of Teti Second Balance Trials; Peroneus LotWys Muscle 

(p -- 0.05 for &-unificance) 
TEST T Ev 

C 
; 

TTION OND CONDITION 
EO UNTAPED 

vs 
EC UNTAPED 

EO TAPED 
vs 

EC TAPED 

EO VNIRAINED 
vs 

EC UNTRAINED 

EO TRAINED Vs 
EC TRAINED 

9999 9999 9999 9999 

A 0,008 -0.382 0.088 0.163 

0.993 0.703 0.930 0.870 

TEST 
CONDITION 

EOUNTAPED 
vs 

EO TAPED 

ECUNTAPED 
vs 

EC TAPED 

EOUNTRAINED 
vs 

EO TRAINED 

ECUNTRAINED 
vs 

EC TRAINED 
9999 9999 9999 9999 

0.006 -0.054 0.043 0.063 

0.996 0.956 0,966 0.950 

Eves Open EC = Eyes Closed 

Table it" 8.93 Inde. pendenl 1-test Analysis on Double-leg (Wide) Between Groyp 
fior Mean FMG Results of Ten Second Balance Trials; Peroneus LoiWis Muscle 
(v < 0.0 5 for Si jznificance) 

TEST EO UNTAPED 
CONDITION t5l 

EO UNTRAINED 

EC UNTAPED 
vs 

EC UNTRAINED 

EO TAPED 
vs 

EO TRAINED 

EC TAPED 
vs 

EC TRAINED 
19998 19998 19998 19998 

-0.010 -0.021 0.004 0.051 

0.992 L 

ý: 

0.983 

I 

0.997 0.960 

ECI = Eyes Open EC = Eves Closed 
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Table n' 8.94 Means, Standard Deviations and Pearson Correlation Results in all 
Test Conditions for Double-lejz (Wide); Peroneus Lonivis Muscle 

it %) 
r, 

ýj 
Its 

Q 
. 
3z 

ý ý 
4 t. ) 

( 
"Z 

ý 4 ýz - 4 ýj 4 z ý ZE )E 

1.51 -1.50 -4.24 1.06 6.83 4.96 -7.20 -5.50 
E-06 E-06 E-07 E-05 E-06 E-06 E-07 E-06 
0.042 0.006 0.025 0.027 0.032 0.030 0.018 0.017 

d 
EC 0.935 1 
Untaped 
EO Taped 0.952 0.822 1 

EC Taped 0.962 0.839 0.998 1 

EO 0.972 0.855 0.93 0.998 1 
Untrained 
EC 0.972 0.846 0.994 0.998 0.999 1 
Untrained 

I 

EO 0,972 0.969 0.878 0.890 0.902 0.901 1 
Trained I I 
EC 0.968 0,988 

I 
1 0.874 1 0.890 0.905 0.898 I 0.986 

I 

Trained I I 
SO Standard Deviation 
EO Eyes Open 
EC Eyes Closed 
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8.4.2.3 Tibialis Anterior - Mean Ten Second Balance Results 

Comparison of the eight test conditions for Single-leg (Left) is displayed in 

1, , igure W' SS2 from which it can be seen that muscle activity for the tibialis 

anterior muscle in single-leg balance is greater in the eyes closed condition than 

the eyes open condition. 

I, Igure n" 882AfeanAluscle A ctivitY On V). 1(')r the I'thialis Anterior Muscle. SMgle-leg 
(IýCfi) 

0.5 

0.25 

> 
E 

>. 
> 

w 
C) 

-0.25 

-0.5 Time (Seconds) 

iped EO 

iped EC 

L-d EO 

L-d EC 

rained EC 

rained EC 

ned EO 

ned EC 

Separation into the taping (PIgure W 883) and training (P'igure 11" 884) groups 

reveals an increase in muscle activity on closing the eyes in both groups. For the 

taping group there is a relative decrease in activity Taped compared to Untaped 

for both visual conditions. 

The training group also shows a decrease in muscle activity Trained compared to 

Untrained for both visual conditions. 
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Figure n" 883 Mean Muscle Activit 
-v 

(ml). 1br the libialis Anterior MuscleSingle-leg 
(I. qft) in the Taping Group 

Comparison of Mean Muscle Activity for the Tibialis Anterior 
Muscle; Single-leg (Left) Taping Group (EO and EC) 

0.5 

0.25 
5ý 
E 

z 
0 

w 
U 

2 

-0.25 

-0.5 Time (Seconds) 

Figure n' 884 Mean Muscle Activiýv (mV). lbr the TibialisAnteriorMuscle Single-leg 
(4ft) in the Training Group 

0.5 

0.25 

> 
E 

2v 
u 

2 

-0.25 

-0.5 

Comparison of Mean Muscle Activity for the Tibialis Anterior 
Muscle; Single-leg (Left) Training Group (EO and EC) 

Time (Seconds) 

Statistical analysis of the mean results show no significant differences within the 

groups of taping and training as analysed by paired t-tests Table n' 8.95 or 

between the groups as analysed by independent t-tests Table n' 8.96. All test 

conditions also have a high degree of correlation as presented in Table n' 8.97. 
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Table n' 8.95 Paired t-test Aqgl sis on Sftle:: Lex (Left) Within Groyps for Mean 
FAfG Results of Ten Second Balance 7ýials; Tibialis Anterior Muscle 
(p < 0.05 for 14imificance) 

TEVT 
CONDITION 

EO UNTAPED 
vv 

EC UNTAPED 

EO TAPED 
vs 

EC TAPED 

EO UNTRAINED 
vs 

EC UNTRAINED 

EO TRAINED Vs 
EC TRAINED 

9999 9999 9999 9999 

0.030 0.041 0.010 0.041 

0.976 0.967 0.992 0.967 

TEST 
CONDITION 

EO UNTAPED 
vs 

EO TAPFD 

EC UNTAPED 
vs 

EC TAPED 

EO UNTRAINED 
vs 

EO TRAINED 

EC UNTRAINED 
vs 

EC TRAINED 
9999 9999 9999 9999 

-0.023 -0.002 0.005 0,061 

0.982 0.998 0.996 0.952 

EO = Eves Open EC = Eyes Closed 

!T gg (Le t Between Groy Table n' 8.96 Independent 1-test Analysis on Si le-I t) ps for L 
Mean PMG Results of Ten Second Balance Trials; Tibialis Anterior Muscle 
(n --0.05 for Sivni ficance) 

TEST EO UNTAPED 
CONDITION vs 

EI (0 UNTRAINED 

EC UNTAPED 
vs 

EC UNTRAINED 

EO TAPED 
vs 

EO TRAINED 

EC TAPED 
vs 

EC TRAINED 
19998 19998 19998 19998 

0.007 -0.005 0.023 0.011 

0.995 0.996 0.982 0.991 

EO = Eyes Open EC = Eyes Closed 
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Table n' 8.97 Means, Standard Deviations and Pearson Correlation Results in all 
Test Conditions for Sin-ale-lez (Left): Tibialis Anterior Muscle 

3z It -Z 1 13, "Z 

3z 3t 

4.35 2.45 4.88 2.52 4.06 3.27 3.93 1.01 

0.041 0.110 0.026 0.082 0.059 0.140 0.032 0.103 

EO I 
Untaped 
EC 

I 

0.991 1 

I 

Untaped 
EO Taped 0.994 0.981 1 

EC Taped 0.983 0.998 0.973 1 

EO 0.999 0.990 0.991 0,981 1 
Untrained 
EC 0.985 0.999 0.973 0.999 0.984 1 
Untrained 
EO 0.997 0.984 0.999 0.976 0.996 0.977 1 
Trained I I 
EC 0.985 0.999 0.974 1.000 0.993 1 1.000 0.977 1 
Trained I I I 

I 

I I II 
SO Standard Mmiation 
EO Eyes Open 
EC Eyes Closed 

Comparison of the eight test conditions for Single-leg (Right) is displayed in 

Figure n" SS-5 from which it can be seen that muscle activity for the tibialis 

anterior muscle in single-leg balance is greater in the eyes closed condition than 

the eyes open condition and that muscle activity in the two groups is virtually the 

same. 
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Pýgure n" 885 Mean Muscle Activity (m 1) 
_16r 

the Tibialis Anterior Muscle Single-leg 
(Right) 

Comparison of Mean Muscle Activity for the Tibialis Anterior 
Muscle; Single-leg (Right) 

0.5 T___ - 

0.25- -Untaped EO 

-- Untaped EC 

- Taped EO 

-Taped EC 
t; 0- 

4567891 -Untrained EO 
*A 

-Untrained EC 

-0 . 25 Trained EO 

Trained EC 

-0.5 
Time (Seconds) 

(7 groups Separation into the taping (Fignre n" S86) and training (Figure /1" ýS, ) 

reveals virtually no change in muscle activity between Untaped and Taped eyes 

open conditions, but a slight increase in muscle activity with taping in the eyes 

closed condition. By comparison, in the training group there is a decrease in 

muscle activity with training, 

Eigure n' 886 Mean Muscle Activity (m V). Ibr the Tibialis Anterior Muscle Single-leg 
(Right) in the Taping Gronp 

Comparison of Mean Muscle Activity for the Tibialis Anterior 
Muscle; Single-leg (Right) Taping Group (EO and EC) 

0.5 

0.25 

> 
E 

a, 
U 

-0.25 

-0-5 
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. igure n" 887 Mean Muscle Acfiviýv (mo, lbr the Tibialis Anterior Muscle Single-leg 
(Right) in the Training Group 

Comparison of Mean Muscle Activity for the Tibialis Anterior 
Muscle; Single-leg (Right) Training Group (EO and EC) 

0.5 

0.25 t 

-0 . 
25 

-0.5 
Time (Seconds) 

Statistical analysis of the mean results show no significant differences within the 

groups of taping and training as analysed by paired t-tests Table n' 8.98 or 
between the groups as analysed by independent t-tests Table n' 8.99. All test 

conditions also have a high degree of correlation as presented in Table n' 8.100. 

js on SiWle: eRh ps or Mean Within Grou sf Table n' 8.98 Paired West Analys 
_i PMG Results of Teti Second Balance Trials; libialis Anterior Muscle 

(, p - 0.05 forSivnificance) 
TEST 

CONDITION 
Tj 

'ON] 
EO UNTAPED 

vs 
EC UNTAPED 

EO TAPED 
vs 

EC TAPED 

EO UNTRAINED 
vs 

EC UNTRAINED 

EO IRA s 
EC TRAINED 

9999 9999 9999 9999 

0.050 0.060 0.016 -0.012 

0.960 0.952 0.986 0,990 

TEST 
CONDITION 

EO UNTAPED 
vs 

EO TAPED 

Ec uNTAPED 
vs 

EC TAPED 

Eo UNTRAINED 
vs 

EO TR41NED 

Ec UNTRAINED 
vv 

EC TRAINED 
9999 9999 9999 9999 

4). 055 0.083 0.021 -0.056 

0.956 0.934 0.984 0.955 

M-) = r, )'CS UPK: ll r-k- = r-yes t- iosea 
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Table n' 8.99 ItLdependent t-test Awl is on Si le-I fth tween Gro s ys -! ýg ( __ 
Wle 

_0 
Be VS 

for Mean FMG Results of Ten Second Balance Trials; Tibialis Anterior Muscle 
69 < 0.05 for &znificance) 

EO UNIAPED EC UNTAPED EO TAPED EC TAPED 
N vs vs vs vs 

EO UNTR41NED EC UNTR41NED EO TRAINED EC TRAINED 
19998 19998 19998 19998 

0.007 -0.010 0.022 -0.038 

0.994 0.992 0.983 0.969 

EO = Eyes Open EC = Eyes Closed 

Table n' 8.100 Means, Standard Deviations and Pearson Correlation Results in 
all Test Conditions forSinvie-lev (Ri; yht) - Tihialis Anterior Muscle 

3z 
71 

It 
%) 
cz, 

"t 
ý6) %I 

'Z 
fu 
X 

%) 
. 
3: 

Ift 
t4) 
it Cý 

"t 
%) 

ý )s ts . 

3.74 5.12 3.99 -2.50 3.35 1.80 3.08 3.97 
E-07 

0.032 0.105 0.029 0.136 0.043 0.140 0.030 0.102 

EO I 
Untaped 
EC 0.975 1 
Untaped 
EO Taped 0.995 0.951 1 

EC Taped 0.973 
I 

0.999 0.949 1 

EO 0.997 0.981 0.990 0.981 1 
Untrained 
EC 0.956 0.997 0.925 0.996 0.964 1 
Untrained 
EO 0.998 0.966 0.998 0.964 0.996 0.943 1 
Trained I I 
EC 0.968 0.999 1 0.942 1 0.999 0.975 

I 
0.99ýj 0.957 

Trained I 
SO Standard Deviation 
EO Eyes Open 
EC Eyes Closed 

Comparison of the eight test conditions for Double-leg (Narrow) is displayed in 

Figiirc n" SSS from which the muscle activity for the tibialis anterior muscle in 

Double-leg balance can be seen for all test conditions. 
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Figure n" 888 Mean Muscle Activity (m V) 16r the Tibialis Anterior Muscle Double-leg 
(Narrow) 

Comparison of IVIsan IVIuscle Activity for the Tibialis Anterior 
IVIuscle; Double-leg (Narrow) 

0.1 

0.05 
5ý 
E 

0 

-0.05 

-0.1 

4567 

Time (Seconds) 

89 

Chapter 8 

Untaped EO 

Untaped EC 

-Taped EO 

- Taped EC 

- Untrained EO 

- Untrained EC 

Trained EO 

Trained EC 

Separation into the taping (1, ýignre n' 889) and training (1, igure n" 890) groups 

shows the activity more clearly. For the taping group, there is an increase in 

muscle activity Taped compared to Untaped. There is an increase in activity eyes 

closed compared to eyes open in the Taped condition, but not noticeable in the 

Untaped condition. 

For the training group, there is very little difference between eyes open and eyes 

closed conditions or between Untrained and Trained test conditions. 
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Figure n' 889 Mean Muscle Activity (mV), for the Tibialis Anterior Muscle Double-leg 
(Narrow) in the Taping Group 

0.1 

0.05 

E 
>' 

> 

4 

U 
141 

-0.05 

-0.1 

Comparison of Mean Muscle Activity for the Tibialis Anterior Muscle 
Double-leg (Narrow) Taping Group (EO and EC) 

rime (Seconds) 

Eigure n" 890 Mean Muscle Activity (in V) Ibr the Tibialis Anterior Muscle Double-leg 
(Narrow) in the Training Group 

0.1 

0.05 

> 
E 

> 

4 

() 
(0 

-0.05 

-0.1 

Comparison of Man Muscle Activity for the Tibialis Anterior 
Muscle. Double-lea (Narrow) Traininq Group (EO and EC) 

Time (Seconds) 

Statistical analysis of the mean results reveal no significant differences within the 

groups of taping and training as analysed by paired t-tests Table no 8.101 or 
between the groups as analysed by independent t-tests Table no 8.102. In the case 

of Double-leg (Narrow) for the tibialis anterior muscle, all test conditions have a 
high degree of correlation as presented in Table no 8.103. 
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Table no 8.101 Paired I-test Awl Narrow Within Gro s ysis on Double-&g (_ ý yp 
Mean FMG Results of Ten Second Balance Trials; Tibiahs Anterior Muscle 
(p < 0.05 for &jznificance) 

TEST 
CONDITION 

EO UNTAPED 
vs 

EC UNTAPED 

EO TAPED 
vs 

EC TAPED 

EO UNTRAINED 
vs 

EC UNTRAINED 

EO TRAINED Vs 
EC TRAINED 

9 9, 999 9999 9999 9999 

-0.069 -0.018 0.033 0.041 

m9www" 
0.924 0.969 0.973 0.967 

TEST 
CONDITION 

- EO UNTAPED 
vs 

EO TAPED 

EC UNTAPED 
vs 

EC TAPED 

EO UNTRAINED 
vs 

EO TRAINED 

EC UNTRAINED 
vs 

EC TRAINED 
19 9999 9999 9999 

-0.022 -0.020 0.063 0.091 

0.982 0.984 0.950 0.928 

ECI = Eyes Open EC = Eves Closed 

Table no 8.102 Independent West Aýal sils on Double-&ýg OLayrow Between 
Groyps for Mean FMG Results of Tien Second Balance Trials; Tibiahs Anterior 
MUSCle tn <0 05 forSianifirance) 

T ST E EO UNTAPED EC UNTAPED EO TAPED EC TAPED 
CONDITION vs vs vs vs 

EO UNTRAINED EC UNTRAINED EO TRAINED EC TRAINED 
19998 19998 19998 19998 

-0.006 0.008 0.010 0.023 

0.995 0.994 0.992 0.982 

ECI = Eyes Open EC = Eyes Closed 
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Table n' 8.103 Means, Standard Deviations and Pearson Correlation Results in 
all Test Conditions for Double-lez Warrow); Tibialis Anterior Muscle 

z *t Its 
%) 

4 , 
'Z "Z "Z 

z 1-z 
2.48 2.05 1.39 4.42 1.12 8.00 -3.50 -9.60 
E-07 E-06 E-06 E-06 E-06 E-07 E-07 E-07 

0.010 0.012 0.015 0.022 0.010 0.011 0.010 0.009 

EO I 
Untaped 
EC 0.999 1 
Untaped 
Eo Taped 0.982 0.976 1 

EC Taped 0.937 0.925 0.981 

EO 0.988 0.991 0.949 0.878 1 
Untrained 
EC 0.985 0.987 0.947 0.878 0.997 1 
Untrained 
EO 0.930 0.940 0.858 0.753 0.975 0.972 1 
Trained I I 
EC 0.957 0.961 1 0.900 0.811 0.987 0.992 0.991 1 

Trained 
1 

StD Standard Deviation 
EO Eves Open 
EC Eves Closed 

Comparison of the eight test conditions for Double-leg (Wide) is displayed in 

Figure 11" 891 from which it can be seen that muscle activity for the tibialls 

anterior muscle in Double-leg balance almost the same for all test conditions, with 

the exception of the Taped test condition. 
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Pigure n" 891 MeanMuscleActivity (mP), Ibr the TibialisAmerjor Muscle Double-leg 
(TvIde) 

0.1 

0.05 

2: 
t; 0 

-0.05 

-0.1 

Comparison of Mean Muscle Activity for the Tibialis Anterior 
Nluscle; Double-leg (Wide) 

67891 

Time (Seconds) 

- Untaped EO 

- Untaped EC 

- Taped EO 

- Taped EC 

- Untrained EO 

- Untrained EC 

Trained EO 

Trained EC 

Separation into the taping (Figure n" 89 ") and training (Figure n" 893) groups 

shows the difference more clearly. An increase in muscle activity is evident with 

taping, but no difference is apparent within the taping conditions between eyes 

open and eyes closed visual conditions. 

In the training group there is virtually no difference either between conditions of 

Untrained and Trained or within those test conditions between visual conditions. 
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Figure n" 892 Mean Muscle Activio, (m V) jbr the Tibialis Anterior Muscle Double-leg 
(Wide) in the Taping Group 

Comparison of Mean Muscle Activity for the Tibialis Anterior 
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Fig'llrc t7- 893 Mean AfIl. sch, Activii-v (ml )ý/Or the Tibiahs AincriorAhiscle I)ouble-leg 
(Wide) in the Training Group 

Comparison of Mean Muscle Activity for the Tibialis Anterior 
Muscle; Double-leg (Wide) Training Group (EO and EC) 
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Statistical analysis of the mean results show no significant differences within the 

groups of taping and training as analysed by paired t-tests Table n' 8.104 or 
between the groups as analysed by independent t-tests Table n' 8.105. In the case 

of Double-leg (Wide) all test conditions have a relatively high degree of 

correlation as presented in Table n' 8.106. 
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?) Wi hin Gro s Table no 8.104 Paired t-lest Awlysis on Double-l-gg ffijde I yp 
Mean FMG Results of Ten Second Balance Trials; Tibiahs Anterior Muscle 
(p < 0.05 for Siznificance) 

T 
ITION 

EO UN , TAPED 
vs 

EC UNTAPED 

EO TAPED 
vs 

EC TAPED 

EO UNTR41NED 
vs 

EC UNTRAINED 

EO TR41NED Vs 
EC TRAINED 

9999 9999 9999 9999 

0.269 0.674 0.260 0.049 

0.788 0.500 0.795 0.960 

TEST 
CONDITION 

EO UNTAPED 
vs 

EO TAPED 

EC UNTAPED 
vs 

EC TAPED 

EO UNTRAINED 
vs 

EO TRAINED 

EC UNTRAINED 
vv 

EC TRAINED 
9999 9999 9999 9999 

-0.013 0.069 -0.054 -0.085 

0.990 0.945 0.956 0.932 

EO = Eves Open EC = Eyes Closed 

Table no 8.105 Independent Nest Analysis on Double-Igg aLide) Between Groups 
fior Mean EMG Results of Teti Second Balance Trials; Tibialis Anterior Muscle 
in <0 Oi fi)rNiunifirnnt-vi 

TEST EO UNTAPED EC UNTAPED EO TAPED EC TAPED 
CONDITION vs vs vs vs 

EO UNTR41NED EC UNTRAINED EO TRAINED EC TRAINED 

19998 19998 19998 19998 

0.022 0.020 0.015 -0.040 

0.982 0.984 0.988 0.968 

EO = Eyes Open EC = Eyes Closed 
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Table n' 8.106 Means, Standard Deviations and Pearson Correlation Results ill 
all Test Conditions for Double-laa (Wide): Tibiahs Anterior Muscle 

%) 

'Z "Z 4 s 

2.82 1,61 5.31 -1.20 -3.90 -1.30 6.95 1.56 
E-06 E-06 E-06 E-05 E-07 E-06 E-07 E-07 
(Wil 0.010 0.029 0.029 0.010 0.010 0,010 0.009 

EO I 
Untaped 
EC 0.999 1 

,I u1n. taped 
EO Taped 0,927 0.935 1 

EC Taped 0.919 0.926 0.996 1 

EO 0.978 0.973 0.840 0.829 1 
Untrained 
EC 0.972 0.967 0.827 0.816 0.999 1 
Untrained 
EO 0.921 0.914 0.727 0.715 0.981 0.986 1 
Trained 
EC 

I 

0.931 0.923 0.741 0.730 0.986 0.990 0,999 I 1 
i 

Trained I I I 
SO Standard DeNiation 
EO Eves Open 
EC Eyes Closed 
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8.4.2.4 Soleus - Mean Ten Second Balance Results 

Comparison of the eight test conditions for Single-leg (Left) is displayed in 

/, , igitre n" 894 from which it can be seen that muscle activity for the soleus muscle 
in single-leg balance does not differ greatly, with the exception of the Trained test 

condition. 

Figure n" 894 Mean Muscle Activity (mP, ). Ibr lheSoleusMuscleSingle-leg (Lqft) 
I 

Comparison of Mean Muscle Activity for the Soleus Muscle; Single- 

0.3 
leg (Left) 

Untaped EO 

0.15 Untaped EC 

> E -Taped EO 

-Taped EC 
lu 0 

4567891- 
Untrained EO 

-Untrained EC 

-0.15 
Trained EO 

Trained EC 

-0.3- Time (Seconds) 

Separation into the taping (Figiire n" S95) and training (Figitre d' S90) groups 

reveals an increase in muscle activity on closing the eyes in the taping group. 

There is also a slight increase in activity with taping for both visual conditions 

within the taping group. 

The training group also shows an increase in muscle activity Trained compared to 

Untrained, but there is less muscle activity in the eyes closed Trained condition 

than the eyes open. 
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Figure n" 895 Mean Muscle Activhy (mJ), 1brlheSoleusMuscle Single-leg (4fi) in the 
Taping Group 
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Figure n' 896 Mean Muscle Activity (m V) for the Soleus Muscle Single-leg (Týft) in the 
Training Group 

Comparison of Mean Muscle Activity for the Soleus Muscle; Single- 
log (Left) Training Group (EO and EC) 
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Statistical analysis of the mean results show no significant differences within the 

groups of taping and training as analysed by paired wests Table no 8.107 or 
between the groups as analysed by independent t-tests Table n' 8.108. 

Comparison of Mean Muscle Activity for the Soleus Muscle; Single- 
leg (Left) Taping Group (EO and EC) 
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Table no 8.107 Paired I-test Analysis on SitTle-1 Left s for Mean gg (-) Within Groypy- 
VAJC, Rourliv nf Tri"Iv- Vri/alic AA-1- /- - f) 

TEST 
ITION 

EO UNTAPED 
vs 

EC UNTAPED 

EO TAPED 
vs 

EC TAPED 

EO UNTRAINED 
vs 

EC UNTRAINED 

EO TR41NED Vs 
EC TRAINED j 

9999 9999 9999 9999 

-0.122 0.053 -0.424 -4). 136 

0.903 0.958 0.672 0.892 

TEST 
COZITION 

EO UNTAPED 
vs 

EO TAPED 

EC UNTAPED 
vs 

EC TAPED 

EO UNTRAINED 
vs 

EO TRAINED 

EC UNTRAINED 
vs 

EC TRAINED 
9999 9999 9999 9999 

0.913 0.985 0.176 0.207 

ME 0.361 0.9325 0.860 0.836 

EO = Eyes Open EC = Eyes Closed 

Table no 8.108 Independent t-test Analysis on SilTle-I Left Between Group gg () 
fior Mean FAIG Results of Ten Second Balance Trials; Soleus Muscle 
(p < 0.05 for &-enificance) 

EST 
CO 

TDI 
TION 

EO UNTAPED 
vs 

EO UNTRAINED 

EC UNTAPED 
vs 

EC UNTRAINED 

EO TAPED 
vs 

EO TRAINED 

EC TAPED 
vs 

EC TRAINED 

J 

, 
19998 19998 19998 19998 

0.303 0.241 0.043 0.008 

, 
=ia 

0.762 0.809 0.966 0.993 

I () I\ý:,, Open EC = Eyes Closed 

For the soleus muscle, not all test conditions show a high degree of correlation 

and as presented in Table n' 8.109 low correlation is seen between Untaped and 

Taped, Untaped and Trained, Taped and Untrained and Untrained and Trained. 
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Table n' 8.109 Means, Standard Deviations and Pearson Correlation Results in 
all Test Conditions for Sinkle-lez (Left): Soleus Muscle 

X 'Z "Z 1113, 'Z ýA) "Z A: "Z S 

0.0003 0.0003 4.16 4.5 0.0001 0.0002 4.7 -7.8 
E-06 E-07 E-05 E-06 

0.030 0.032 0.009 0,018 0.018 0.022 0.118 0.095 

EO I 
Untoped 
EC 0.991 
Untoped 
Eo Taped 0.411 0.524* 1 

EC Taped 0.446* 0.559* 0.986 1 

EO 0.994 0.999 0.508* 0.537* 1 
Untrained 
EC 0.976 0.996 0.595* 0.625* 0.994 
Untrained 
EO 0.350* 0.456* 

I 

0.974 0,929 0.447* 0.529* 1 I 

Trained I I 

I 

EC 0.397* 0.508* 0.996 1 0.975 1 0.493* 0.579* 0.987 I 1 

Trained I 
*= Low Correlation 
SO Standard Deviation 
EO Eyes Open 
EC Eyes Closed 

Comparison of the eight test conditions for Single-leg (Right) is displayed in 

Figure n" 897 from which it can be seen that muscle activity for the soleus muscle 

in single-leg balance is virtually the same for all test conditions, with the 

exception of the Trained group. 
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Fi " (ý()7, k1e4p7 Hn,; ch, - onf') l(w the Solcits A, Mscie Sn7g/c-/L'g (RIgho gnire t7 I z4cnvio 

Comparison of Mean Muscle Activity for the Soleus Muscle; Single- 

0.3 
leg (Right) 

- ------ 

Untaped EO 

0.15 Untaped EC 
> 
E -Taped EO 

Taped EC 
0 

1234567891 Untrained EO 
Q 
-6 Untrained EC 

-0.15- 
Trained EO 

Trained EC 

-0.3 
Time (Seconds) 

Separation into the taping (Figure n" 898) and training (Figure n" 899) groups 

reveals virtually no change in muscle activity between Untaped and Taped test 

conditions, with a slight increase in activity on closing the eyes. 

By comparison, in the training group although there is an increase in activity in 

the Trained group compared to Untrained there is a visible decrease in activity 

with eyes closed Trained. 

Figure n" 898 Mean Muscle Activity (m V)fior the Soleus Muscle Single-leg (Right) in the 
Taping Group 

Comparison of Mean Muscle Activity for the Soleus Muscle; Single- 
leg (Right) Taping Group (EO and EC) 

0.1 

0.05 

> 
E 

> 

to 
w 
U 

-0.05 

-0.1 
Time (Seconds) 

- Untaped EO 

- Untaped EC 

-Taped EO 

-Taped EC 
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l, igure n" 899 Mean Muscle Activin, (nit) Ibr the &)leusMjjscle Single-leg (Ri&) in Ihe 
Training Group 

Cornparison of Mean Muscle Activity for the Soleus m1uscle; Single- 
leg (Right) Training Group (EO and EC) 

0.3 

0.15 
> 
E 

U 

-0.15 

-0.3 
rime fSeconds) 

Statistical analysis of the mean results show no significant differences within the 

groups of taping and training as analysed by paired t-tests Table n' 8.110 or 
between the groups as analysed by independent t-tests Table n' 8.111. 

Mble n' 8.110 Paired Nest A na&sis on Sin le--Igg L&ghk Within GroYP-s o Lo 
Mean FMG Results of Ten Second Balance Trials; Soleus Muscle 
(p 0.05 for Si i! -vnificance) 

EO UNTAPED 
vs 

ECUNTAPED 

EO TAPED 
vs 

EC TAPED 

EO UNTRAINED 
vs 

EC UNTRAINED 

EO TR41NED Vs 
EC TRAINED 

9999 9999 9999 9999 

0.142 0.411 -0.680 -0.061 

0.887 0.681 0.497 0.952 

TEST 
ITION 

EO TAPED 
vs 

EO TAPED 

EC UNTAPED 
vs 

EC TAPED 

EO UNTRAINED 
vs 

EO TRAINED 

EC UNTRAINED 
vs 

EC TRAINED 
9999 9999 9999 9999 

0.973 1.259 0.135 0.294 

0,331 0.208 0.893 0.769 

EO = Eves GVcn EC = Eyes Closed 
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Table n' 8. ]HIndependent west Analysis on Single-I (Righo Between Groups gg 
for Mean FMG Results of Ten Second Balance Trials, Soleus Muscle 
(D --0.05 for 14gnificance) 

TEST 
ITION 

EO UNTAPED 
vs 

EO UNTRAINED 

EC UNTAPED 
vs 

EC UNTRMNED 

EO TAPED 
vs 

EO TRAINED 

EC TAPED 
vs 

EC TRAINED 
19998 19998 19998 19998 

0.377 0.186 0.034 -0.042 

0.706 0.853 0.973 0.966 

tu = Lyes upen tu = tyes ulosea 

For the soleus muscle, not all test conditions show a high degree of correlation 

and as presented in Table n' 8.112 low correlation is seen between Untaped and 
Taped, Untaped and Trained, Taped and Untrained and Untrained and Trained. 

Table n' S. 112 Means, Standard Deviations and Pearson Correlation Remilts in 
all Iýsl Conditions for Sin-ele-le-a (Rit-hi): Soleus Muscle 

J GQ 

0.0003 0.0003 -4.00 4.40 0.0001 0.0002 -5.30 -1.20 
E-06 E-05 E-05 E-05 

0.032 0.034 0.012 0.019 0.017 17 0.024 0.0143 0.075 

EO I 
Unloped 
EC 0.990 1 
Untapped 
EO Taped 0.497* 0.597* 1 

EC Taped 0.628* 0.722* 0.912 1 

EO 0.992 1.000 0.592* 0.716* 1 
Untrained 
EC 0.981 0.998 0.623* 0.751* 0.997 1 
Untrained 
EO 0.420* 0.507* 0.964 0.796* 0.502* 0.521* 1 
Trained 
EC 0.445* 0.537* 0.984 0.841 0.533* 0.556* 0.996 1 
Trained I I I I 
-= iow t-offeiation 
SO Standard Deviation 
EO Eyes Open 
EC Eyes Closed 
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Comparison of the eight test conditions for Double-leg (Narrow) is displayed in 
/, igure n" 8001 from which the muscle activity for the soleus muscle in Double- 
leg balance can be seen for all test conditions. 

Figure n" 8001 Mean Muscle Activity (m V) fir the Soleus Muscle Double-leg (Narrow) 

Comparison of Mean Muscle Activity for the Soleus Muscle; Double- 

0.2 leg (Narrojtvý___ 
_ ----] 

0.1 

5ý 
E 

> 
0 

25 

-0.2 
Time (Second# 

789 

Untaped EO 

Untaped EC 

Taped EO 

Taped EC 

Untrained EO 

Untrained EC 

Trained EO 

Trained EC 

Separation into the taping (['igin-e ti" 8002) and training (I, ignre ti" 8003) groups 

shows the activity more clearly. For the taping group, there is an increase in 

muscle activity Taped compared to Untaped. There is an increase in activity eyes 

closed compared to eyes open in the Taped condition, but not in the Untaped 

condition. 

For the training group, there is no difference between eyes open and eyes closed 

conditions in the Untrained test conditions, however, an increase in activity is 

seen with training. In contrast to the Taped condition, there is a decrease in 

activity eyes closed compared to eyes open in the Trained condition. 
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Figure n" 8002 Mean Muscle Activity (m V) for the Soleus Muscle Double-leg (Narrow) in 
the Taping Group 

0.2 

0.1 

-I 

> 

-0.1 

-0.2 

Tinm ISeconds) 

Figure n' 8003 Mean Muscle A ctivitv (m V). for the Soleus Muscle Double-leg (Narrow) in 
týe Training Group 

Comparison of Mean Muscle Activity for the Soleus Muscle; Double- 
leg (Narrow) Training Group (EO and EC) 

0.2 T 

0.1 

> 

-0.1 

-0.2 
Time (Seconds) 

Statistical analysis of the mean results reveal no significant differences within the 

groups of taping and training as analysed by paired t-tests Table n' 8.113 or 
between the groups as analysed by independent t-tests Table n' 8.114. 
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Table n' 8.113 Paired t-test Analysis on Double-leg Narrowý Within Groyps 
Mean EMG Results o? f Ten Second Balance Trials; Soleus Muscle 
(p - 0.05for &gnificance) 

TEST 
CONDITION 

EO UNTAPED 
vs 

EC UNTAPED 

EO TAPED 
V5 

EC TAPED 

EO UNTRAINED 
vs 

EC UNTRAINED 

EO TRAINED Vs 
EC TRAINED 

9999 9999 9999 9999 

0.017 -0.085 0.536 0.027 

0.986 0.932 0.592 0.978 

EST 
CONDITION 

ElO UNTAPED 

A 
vs 

EO TAPED 

EC UNTAPED 
vs 

EC TAPED 

EO UNTR41NED 
vs 

EO TR, 4INED 

EC UNTRAINED 
vs 

EC TRAINED 
9999 9999 9999 9999 

0.030 -0.004 0.001 0.011 

0.976 0.997 0.999 0.991 

EO = Eyes Open EC = Eyes Closed 

Table n' 8.114 Independent I-test Awlysis on Double-I arKo-w) Between gg OL 
GroVs 

- 
for Mean ENIG Results of Tien Second Balance Trials, Soleus Muscle 

(n- 0.05 for Sivnificance) 
TEST 

COAVITION 
EO UNTAPED 

vs 
EO UNTRAINED 

EC UNTAPED 
vs 

EC UNTRAINED 

EO TAPED 
vs 

EO TRAINED 

EC TAPED 
vs 

EC TRAINED 

19998 19998 19998 19998 

-0.002 0.002 -0.013 0.011 

1.000 0.999 0.990 0.991 

I 
_0 

Lý,:,, Op,, ýn EC = Eyes Closed 

In the case of Double-leg (Narrow) for the soleus muscle, not all test conditions 

have a high degree of correlation as presented In Table n' 8.115, low correlation is 

seen between Untaped and Taped, Untaped and Trained, Taped and Untrained and 

Untrained and Trained. 
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Table n' 8.115 Means, Standard Deviations and Pearson Correlation Results in 
all Test Conditions for Double-lee (Narrow): Soleus Muscle 

It -Z 'Z 

," 4 4 ý ts ýt iz 
t 

ý ýt z s 

1.74 8.62 -1.40 3.31 1.84 5.99 6.63 -8.30 
E-07 E-07 E-05 E-06 E-06 E-08 E-07 E-06 
0.046 0.041 0.042 0.062 0.027 0.027 0.113 0.080 

EO I 
Unt ed 
EC 1,000 1 
Untaped 
EO Taped 0.233* 0.251* 1 

EC Taped 0.225* 0.242* 0,999 1 

EO 0.993 0.994 0.348* 0.339* 
Untrained 
EC 0.994 0.996 0.338* 0.328* 1.000 
Untrained 
EO 0.225* 0.242* 0.993 0.987 0.339* 0.329* 1 
Trained I I 
EC 0.213* 0 230* 

I 
0.991 I 0.985 0.326* 0.316* 0.9991 I 1 

Trained 
*= Low Correlation 
SO Standard Deviation 
EO Eyes Open 
EC Eyes Closed 

Comparison of the eight test conditions for Double-leg (Wide) is displayed in 

Figure ti" 8004 from which it can be seen that muscle activity for the soleus 

muscle in Double-leg balance the same for Untaped and Untrained test conditions, 

but markedly different to Taped and Trained test conditions. 
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Vl, ýZIIITWS004 zWCC117, 
IfIISCIe Acava. v Onl). fiw theSojells A414scle Double-leg (Wide) 

Comparison of Mean Muscle Activity for the Soleus Muscle; Double- 
leg (Wide) 0.2 

0.1 
57 
E 

iö 0 

- Untaped E0 

- Untaped EC 

-Taped EO 

-Taped EC 

7891 Untrained EO 

Untrained EC 

Trained EO 

Trained EC 

-0.2 Time (Seconds) 

Separation into the taping (I-Jgure n" 8005) and training (Figure n') 8000) groups 

shows the difference more clearly. An increase in muscle activity is evident with 

taping and training and within these conditions a slight decrease in activity on 

closing the eyes. 

, jgiire n" 800i Mean Miiscle Activiýj- (m P) 
. 
1br theSoleiis Mtiscle Dotible-leg (Wide) in 

the Taping Group 

Comparison of Mean Muscle Activity for the Soleus Muscle; Double- 
leg (Wide) Taping Group (EO and EC) 

0.2 

0.1 

E 

0 

u 

-0.1 

-0.2 
Time (Seconds) 
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Figure n" 8000 Akan Aluscle Acmvýy (ml), fi)r the Solcus Muscle Pouble-leg (Wide) m 
the Training Group 

Comparison of Mean Muscle Activity for the Soleus Muscle; Double- 

0.2 - 
leg (Wide) Training Group (EO and EC) 

___ 

0.1 

5ý 

> 

a 

-0.1 

-0.2 
Time (Seconds) 

Statistical analysis of the mean results show no significant differences within the 

groups of taping and training as analysed by paired Mests Table n' 8.116 or 
between the groups as analysed by independent t-tests Table no 8.117. 

ý Within Gro Table n' 8.116 Paired Nest Aýyýalsis on Double-leg (EILde YP-S 
Mean FMG Results of Ten Second Balance Trials; Soleus Muscle 
M --- Oý 05 for Sivnificance) 

TEST EO UNTAPED 
ITION vs 

EC UNTAPED 

EO TAPED 
vs 

EC TAPED 

EO UNTRAINED 
vs 

EC UNTRAINED 

EO TR41NED Vs 
EC TRAINED 

9999 9999 9999 9999 

-0.258 0.144 0.269 -0.211 

0.796 0.885 0.788 0.833 

EO UNTAPED 
vs 

EO TAPED 

EC UNTAPED 
vs 

EC TAPED 

EO UNTRAINED 
vs 

EO TRAINED 

EC UNTRAINED 
vs 

EC TRAINED 
9999 9999 9999 9999 

-0.018 0.003 0.015 0.003 

0.985 0.998 0.988 0.997 

EO = Eyes Open EC = Eyes Closed 
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Table n' 8.117 Independent west Aýyg/ysis on Double-l-eg (TVide) Between Groups 
for Mean FMG Results of Ten Second Balance Trials; Soleus Muscle 
(D < 0.05 for &gnificance) 

ST EO UNTAPED 
COZITION vs 

EO UNTRAINED 

EC UNTAPED 
vs 

EC UNTRAINED 

EO TAPED 
vs 

EO TRAINED 

EC TAPED 
vs 

EC TRAINED 
19998 19998 19998 19998 

4005 -0.002 0.021 -0.001 

0.996 0.998 0.983 0.999 

tu = tyes upen tL = tyes L losea 

In the case of Double-leg (Wide) for the soleus muscle, not all test conditions 
have a high degree of correlation as presented in Table no 8.118, low correlation is 

seen between Untaped and Taped, Untaped and Trained, Taped and Untrained and 
Untrained and Trained. 

Table it' N. 118 Means, Standard Deviations and Pearson Correlation Results in 
all Test Conditions for Double-lee (Wide): Soleus Muscle 

113 'Z It %) 
'Z 1 "2 "Z 

-1.50 -3.70 1.29 -2.50 1.06 8.12 -1.00 -1.50 
E-06 E-07 E-05 E-06 E-06 E-07 E-05 E-06 

0.047 0.046 0.076 0,065 0.027 0.027 0.078 0.074 

EO 0 I 
Untaped U nta 
7 

C EC 

E 
1.000 1 

a Untaped 
EO Taped 0.247* 0.246* 1 

EC Taped 0.258* 0.258* 

I 

1.000 1 

EO 

I 

0.997 0.997 0.314* 0.326* 1 
Untrained 
EC 0.997 0.997 0.316* 0.328* 1.000 1 
Untrained 
EO 0.247* 0.246* 0.984 0,981 0.314* 0.316* 1 
Trained I 
EC 0.254* 0.253* 0.982 0.980 0.321* 0.324* 1.000 1 

'ý LONN't-orreiation 
SO Standard Deviation 
EO Eves Open 
EC Eves Closed 
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CHAPTER 9: DISCUSSION 

9.1 INJURY DATABASE 

Several studies have looked at injury in football, many reporting ankle injuries to 

be the most frequently occurring. To verify this fact and investigate the pattern of 
injuries throughout a football season, a survey of injuries occurring at a second 
division club in the National Football League was conducted over two seasons. 
From this, a database of injuries was compiled. 

9.1.1 Incidence of Injury 

The differences between the results of the two periods illustrate the consequences 

of a change in injury definition. By restricting the recording of an injury to 

requiring a minimum of three days treatment for the 1997/1998 period, a 60% 

drop in injury incidence was observed. This emphasises the need for a 

standardised definition of injury to enable comparison of results between different 

studies and populations. 

Of the total 81 players involved over the two periods, 84% were injured, 98% in 

the 1996/1997 period and 69% in the 1997/1998 period. 

The incidence of injury as a percentage of match or training injuries is comparable 

to that found in the literature (Le-Kin 1989, McMaster 1978, Poulsen 1991), with 

58% of injuries occurring during matches and 42% during training. Analysing 

this information by team reveals that the First team has a higher level of injury 

during the match situation than either the Reserve or Youth teams, with 70% of 

injuries occurring in matches in the First team, compared to 47% in the Youth 

team. Overall, this illustrates the more aggressive and competitive level of play at 

the higher level. The lower level of injury in the match situation seen in the 

Youth team can be attributed to a less aggressive play, with less associated stress 

than in senior games. 

Describing the injury incidence per 1000 hours again demonstrates the higher 

incidence of injury in the match situation, with a four-fold increase in the 
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incidence of injury in the match situation in 1996/1997 and five-fold increase in 

1997/1998 compared to the incidence in training. 

The injury incidence over the two periods is comparable with that found in the 
literature, bearing in mind the variation in level of play and injury definition 

within the study. With an overall incidence of injury for a player in the club 
ranging from 1.51 (1997/8) to 2.5 (1996/7) injuries /1000 hours, results are similar 
to those of Kibler (1993) who reported 2.38 injuries /1000 hours, but lower than 
the incidences reported in other studies. If the results are separated into the 
different teams comprising the club, and into training and match situations, match 
incidence of injury levels are comparable to those of Ekstrand (1983a, 1983b), 
Engstrom (1990), Luthje (1996) and Nielsen (1989). In contrast, the level of 
incidence of injury during training is lower in this study than those in the 
literature. The higher level of injury during the match situation illustrates the 

more aggressive and competitive level of play involved. Comparison of the level 

of play reveals no significant difference between First and Youth teams for overall 
incidence of injury or for incidence of match injury. However, the incidence of 
training injury in the Youth team is nearly twice that of the First Team (2.08 

injuries /1000 hours versus 1.28 injuries /1000 hours, 1996/1997). 

Differences between the studies can be attributed to variations in the definition of 
injury, the type of period studied (season or tournament), and country of study and 
level of play, as all are factors influencing the risk of injury. 

9.1.2 TviDe and Location of Iniurv 

As in other studies (Ekstrand 1983a, 1983b, Kibler 1993, Luthje 1996, McGregor 

1995), injuries to the lower extremity account for the majority of injuries (69%), 

with 16% of injuries being to the ankle. The commonest types of injuries are 

sprains and strains, accounting for 63% of all injuries, a result comparable to that 

in the studies of Nielsen (1989) and Schmidt-Olsen (1991). With the high 

proportion of lower extremity injury, the side of injury was investigated. It was 
found that there is no significant difference between the side injured. 

This study supports the evidence suggesting that ankle injuries comprise the 

majority of injuries. By attributing injuries incurred to category and severity, 
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despite the high proportion of acute injuries, particularly occurring in the match 

situation, the majority of them are only minor to moderate in their severity (58%) 

with the player absent from training and/or matches for less than one month 

(1997/1998 period). As only 6% of injuries were overuse injuries, these results 

are analogous to those of Aranson (1996) and Luthje (1996), who reported values 

of 9% and 6% respectively. 

9.1.3 Causal Factors 

For the two periods, less re-injury occurred in the 1997/1998 period, but in both 

cases 8% of players incurred up to four injuries, the second injuries occurring 
between one and two months after the first. 

9.1.3.1 Player Position Factor Analvsis 

Analysing the distribution of injuries by player position, assuming a team 
formation of 1: 4: 4: 2, reveals no statistical significance in injury levels between 

the positions, confirming statements by both Engstrom (1990) and Luthje (1996). 

However, by examining the location of injury by position, the difference in type 

of injury occurring at each position is revealed. 

In all positions, barring the Goalkeeper, the most frequent site of injury is the 

lower extremity. More specifically, the ankle (33%) in Forwards, hamstring or 

knee (22%) in Midfielders and a variety of lower leg injuries (19%) in Defenders. 

This portrays the subtle difference in skill required for each position and the 

different demands and risks placed upon players in each position. It also 

illustrates the susceptibility of the ankle to injury, particularly in the position of 

Forward where there is a higher level of blocking contact caused by another 

player. 

9.1.3.2 Activity at Time of Iniu 

Investigating the activity at time of injury reveals that 43% of injuries incurred are 

due to contact, either with another player, or the field. Tackling (37%) and 
kicking (6%) cause most contact injuries, confirming results by Ekstrand (1983a, 

1983b) and Mackay (1996). 
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9.1.3.3 Periodicity of Iniurv 

Chapter 9 

As in the literature (Leuin 1989, Luthje 1996), peaks of incidence are found at 

match intensive periods. Also of note are the peaks at the beginning and end of 

the football season, suggesting low skill and fitness levels at the start and player 
fatigue, along with less enthusiasm and motivation towards the end, heightening 

the risk of injury to the player. This places a requirement to investigate the 

planning and execution of training pre-season and also during the latter stages of 
the football season. It also highlights the need to schedule matches evenly, to 

allow players sufficient recovery time between matches, and a reduction of the 

stresses and strains placed upon the body during match intensive periods. 

9.1.3.4 Miscellaneous Inlury Factors 

As in the majority of studies, extrinsic factors such as the weather and field 

surface condition did not influence the injury rate, and distribution of injury by 

day and time is an indicator of training and match scheduling. 

9.1.4 Overview 

These results confirm. reports that ankle injuries are a common injury in football 

and highlight the need for prophylactic measures to be implemented. Thus, the 

next step in the process was to investigate the effect of prophylactic measures 

upon performance, as neither player nor club will be inclined to use any form of 

prophylaxis that is likely to impair this. 

9.2 ATHLETIC PERFORMANCE 

External supports have been reported to have differing effects upon performance 

in jumping, sprint or shuttle activities, dependent upon the type of support tested. 

This being the case, it is difficult to conclude whether particular movement 

patterns are affected by external support of the ankle. 

This study set out to investigate whether taping or proprioceptive training the 

ankle affected performance using the same performance tests that have previously 
shown contrasting rcsults. 
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9.2.1 Vertical Jump Performance 

Chapter 9 

Results for vertical jump performance show less variance of result within the 

Taped condition (33.35) than either the Untaped/Untrained (39.74) or the Trained 

(37.96) conditions. This indicates a dampening of the performance ability with 

ankles taped. 

Statistical analysis by ANOVA reveals a significance at the 0.05 level (P = 0.039) 

for vertical jump. However, the Maulchly Sphericity Test to evaluate the 

homogeneity of covariance assumption was significant, (p < 0.05) and so the more 

conservative test of epsilon corrected Greenhouse-Geisser was implemented, 

revealing significance at the 0.1 level, but not the 0.05 level. 

Paired West confidence intervals analysing the change in performance caused by 

test condition confirm the ANOVA finding of significance 0.05 <p<0.1 for 

Untaped versus Taped and Untrained versus Trained conditions. This confirms 

findings of studies by Burks (1991), Juvenal (1972), Mackean (1995), Mayhew 

(1972) and Paris (1992). 

Examination of percentage differences in performance for vertical jump shows 

these significant differences to be an overall decrease in performance; 1.46% 

Taped and 0.66% Trained as compared to Untaped/Untrained. These values are 

similar to those of previous investigators, such as Burks (1991) who found a 4% 

decrease, Mackean (1995) a 1.59% decrease and Paris (1992) a 2.4% decrease. 

By player position, no significant differences in athletic performance are seen 

between positions for vertical jump. Within positions, however, midfield players 

reveal significant differences between Untaped versus Taped and Untrained 

versus Trained conditions. An explanation for this could be the nature of the 

playing position and skills required. There would be less need for vertical 

jumping ability in this position than for a defender or forward. An external factor 

may therefore influence this performance because it is less well practiced for 

players in this position. 
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9.2.2 Broad Jump Performance 

Chaptcr 9 

Results for broad jump perforrnance show a greater variance of results than those 

for vertical jump. Within the Untaped/Untrained condition, the variance of results 
is 145.3 1, Taped 116.01 and Trained 80.13. 

Statistical analysis by ANOVA revealed no significance (p < 0.05) between test 

conditions, a comparable result to that of Burks (1991). Broad jump did however 

show significance at the 0.1 level between Untaped and Taped conditions as 

revealed by paired t-test analysis (p = 0.074). On examination of the percentage 
differences in performance for broad jump a decrease in performance is seen 
between all conditions, though greatest in the Taped condition (0.64vo), a fact also 

reported by Mayhew (1972). 

Inspection of correlation coefficients and the resultant scatterplot for broad jump 

revealed a high correlation between the Untaped and Taped conditions (0.97), but 

low correlation between Untrained versus Trained and Taped versus Trained 

conditions; thus the results for training are less reliable for comparison than those 

for taping. 

By player position, significance was found between forward and n-ddfield players 
for broad jump performance (Taped). However, no significance was seen for any 

position by test condition. 

9.2.3 Sprint Run Performance 

Results for sprint run performance reveal no differences in variance. Statistical 

analysis by ANOVA and paired Nests also result in no significant differences 

between test conditions at the 0.05 level. 

Examination of percentage differences show a decrease in performance between 

condition, but these can be termed negligible for overall effect. 

Inspection of correlation coefficients and the resultant scatterplot for sprint run 

show a high correlation (0-80 to 0.99) between test conditions, but not within 

either Untaped/Untrained or Taped trials as revealed by outliers on the scatterplot 

at the faster run times. These values are not sufficient to cause a significant effect. 
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No significance was seen for performance by test condition either between or 
within positions for sprint run. 

9.2.4 Shuttle Run Performance 

As with sprint run, shuttle run performance results reveal no differences in 

variance or significance by statistical analysis between test conditions at the 0.05 

level. 

Examination of percentage differences in performance reveals a decrease in 

performance with taping (21%), but no change with training. Although Burks 

(1991) reported that taping decreased performance of the shuttle run and sprint 

run, research by Mayhew (1972) and Thomas (1971), along with this study, 
indicates that taping has no effect on sprinting or shuttle run performance. 

Inspection of correlation coefficients and the resultant scatterplot show a high 

correlation of results between condition (0.93 to 0.98), but a low correlation 
between trials within Untaped and Taped conditions as indicated by outliers on 
the scatterplot. Again, these are not sufficiently disassociated to cause a 

significant effect upon perforniance. 

By player position, significance is seen within the forward position between 

Taped and Trained conditions (p = 0.046). 

9.2.5 Subjective Questionnaire for Taping 

Subjects found the taping moderately comfortable, offering a fairly high level of 

support with 10.5% of subjects feeling that the tape enhanced their performance 

and 36.8% not thinking that taping affected their performance. 

9.2.6 Overview of Athletic Performance Stud 

These results suggest that overall, neither taping nor training restricted or altered 

the foot and ankle motion that is required to perform the functional tasks. Along 

with previous research (Burks 1991, Juvenal 1972, Mackean 1995, Mayhew 1982, 
Paris 1992, Thomas 1971), this study indicates that the application of tape results 
in a decrease in performance for functional tasks. However, it is also agreed that 
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this decrease is insignificant in all cases at the 0.05 level. Burks (1991) and 

Mackean (1995) reported significant differences in performance ability with 

taping in vertical and broad jump performance, and thus disagree with the 

previous statement, and although the present study did find significance at the 0.1 

level for taping in these tests, so corroborating these results to a degree, it is not 

felt that this decrease in performance is sufficient to compromise the overall 

ability of the player. 

Some limitations of these research findings should be mentioned, particularly 

those associated with the subject sample. Non-impaired individuals with no prior 

ankle injury history served as subjects for the present study. Thus results may not 

be applicable to patients who have incurred a recent ankle injury and so wear tape 

and include proprioceptive training as part of their rehabilitative regime. 

Clarification is required on the impact of these findings on injured players at 

different stages of treatment and with various histories of ankle injury. In these 

types of cases, these methods may have a positive effect on functional 

performance by means of perceived or real improvements in joint stability and 

proprioception. 

The next stage of validation in the process is to investigate the influence of the 

prophylactic measures on proprioception, which is only, one element of ankle 

function, the other being mechanical effects. 

9.3 PROPRIOCEPTION STUDY 

Decreases in central nervous system control of postural muscle tone and balance 

results in decreased reflex patterns and increases in postural sway (Hasselkus 

1975). The swaying movement, together with concomitant changes in joint 

position, pressure distribution and states of muscle length and tension, may 

provide an automatic network of feedback controls designed to equilibrate stresses 

and maintain upright posture (Murray 1975). A high degree of sensorimotor 
interaction is entailed in containing the vertical projection of the centre of gravity 

within the areas bounded by the centre of balance. Although one is not conscious 

of the positions of the centre of gravity or the centre of pressure underfoot, one is 
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well aware of the limits which cannot be exceeded during sustained weight 
bearing and the muscular responses are automatic. 

The dynamic nature of upright stance is such that the centre of pressure underfoot 
fluctuates incessantly, traversing large total excursions throughout activity, even 
during the relatively quiescent act of double-leg standing. Apparently, the large 

total excursions of the centre of pressure result from the constant contraction and 
relaxation of the supporting muscles in reaction to the body movements. 

The characteristics of the base of support detem-dne to what extent the vestibular 

system is involved; the importance of the proprioceptive system increases when 

visual information is excluded (SahIstrand 1978). 

9.3.1 Postural Stabilitv 

Postural equilibrium is maintained by corrections at the ankle with displacement 

of the ankle and centre of pressure following changes in muscle activity. This 

study investigated the effect of taping and training on postural control by 

measurement of sway by the sway index and the left/right and anterior/posterior 

components of the sway index. Also examined were centre of balance 

measurements. 

It must be borne in mind that these results are generalised only to the subject type 

population; that is football players. 

9.3.1.1 Postural Swav 

These results confirm previous findings (Calmels 1991, Tropp 1984, Watson 

1987) suggesting that external supports, in this case taping, have a detrimental 

effect on postural control as evidenced by increases in postural sway. This may 

indicate that to a subject with good posturographic performance, being taped may 

have a negative effect. Opposing this are findings by Kozar (1972) and Tropp 

(1988b) who reported that taping had no effect on postural sway. 

This study also found that proprioceptive training impaired postural control, 

which is in contrast to findings by Hoffman (1995) who found a significant 
decrease of postural sway with proprioceptive training and Cox (1993) who found 
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no improvement following a training period in healthy subjects. This was 
attributed to short training times and the fact the subjects were uninjured. As 

subjects in the present study were also uninjured, if the findings from it had 

agreed with those of Cox (1993) it could have been suggested that subjects simply 
had no room for improvement. However, this was not the case and dissimilar 

results were observed. 

Both taping and proprioceptive training may alter the nature or amount of 

proprioceptive input to the CNS (Bennell 1994), and this may be in the form of 
inaccurate, conflicting or overwhelming stimulation of the cutaneous receptors 

and/or a change in muscle activation patterns. 

Increased sway with eyes closed confmns the strong stabilising influence of 

vision upon normal human postural control with standing (Black 1982, Dickstein 

1993). Therefore, in an injured individual, if proprioception is impaired, the eyes 

closed condition should exacerbate their response. 

Single-leg stance makes the base of support much more narrow than normal, and 
forces the reorganisation of the body's centre of gravity on a line along the only 

supporting leg. The eyes closed, single-leg stance being most challenging, it was 

found that results in single-leg stance differentiated between visual and testing 

conditions better than double-leg stance tests. This reflects the integrity of the 

proprioceptors, muscle stretch receptors, vestibular system, vision and motor 

control of postural muscles and activation or active contraction of several muscle 

groups (Judge 1993, Patla 1990). In contrast, double-leg stance does not require 

substantial strength of activation of muscles. 

Postural sway was two to threefold greater when the eyes were closed than when 
they were open in accordance with Era (1985) and again, two to threefold greater 
in single-leg stance than in double-leg stance. It should be borne in mind that 

maintenance of single-leg stance in the laboratory setting is a relatively easy task 

compared with the conditions under which posture is required to be controlled 
during high-speed sporting activities, when the subject may not be able to use the 
visual system to provide orientation information from the environment. 
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Confirming results of Ekdahl (1989) and Nichols (1995), this study found that 

single-leg standing balance appeared to be more difficult with the right leg, than 
the left leg. This was evidenced by larger fluctuations in postural sway when 
challenged by changing test conditions. There may be several reasons for this, 

and contrary to the study by Ekdahl (1989), a learning effect is not attributable 
due to the random ordering of the tests. One reason was thought to be leg 
dominance, however, as there were equal numbers of subject left and right-leg 
dominance, this cannot be validated. Other reasons could be the nature of the 

training that the subjects undergo in football, or the orientation of the investigator 

to the subject during the balance testing, as in all cases the investigator was stood 
to the left of the subject thus, balancing on the foot furthest away from sound 

orientation may have affected the balance strategy. These suggestions cannot 
however be verified and so further study is required to investigate this occurrence. 

The amount of A/P sway was found to be double that of L/F, supporting findings 

of Begbie (1969) and was expected from considerations of the structure of the 
joints involved. 

It is known that taping initially provides structural support, thus preventing 

excessive movement at the ankle joint. Consequently, this may place ligaments in 

a more optimal position to allow joint mechanoreceptors to detect perturbations to 

postural sway and offer enhanced tactile stimulation to the surface of the foot, 

improving proprioceptive feedback necessary for balance control (Guskieuicz 

1996b). A repercussion from this may be increased postural sway due to 

increased muscle activity. 

Variation in results could also stem from a repertoire of balance strategies that one 

can employ while still maintaining the stance position required (Goldie 1989). So 

by altering the proprioceptive mechanism, different balance strategies may be 

employed, resulting in the increased sway observed when ankles are taped or 

proprioceptively trained. 

One disadvantage of using the sway index as the dependent measure, is the 
Chattecx Balance Systems' lack of sensitivity to touchdowns. When the subject 
completely loses balance and touches the contralateral limb down, no 
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measurement is recorded by the force plate. Thus, the touchdowns must either be 

ignored, or the trial repeated as in this study, which may lead to impaired 

reliability of the results. 

It has also been demonstrated that stance balance tests of healthy subjects which 
last longer than 15 seconds bear the danger of contamination by artifacts and of 
biasing measurement of test retest reliability (Goldie 1989) but Cox (1993) felt 

that a ten second data collection period may not be long enough to detect changes 
in a healthy population. Here it was found that a ten-second period was sufficient 
to detect changes in postural sway. 

Neither anthropometric measurements, nor limb dominance were evaluated in this 

study. Murray (1967) reported that height did not affect either centre of gravity or 

centre of pressure measurements and Nashner (1982) stated that due to the 

relationship between height and foot length, approximately equal limits of 

stability for individuals of different sizes resulted. In addition to these previous 

studies, in the present study a repeated-measures analysis was used in which 

subjects served as their own control. Therefore, variables of height, weight and 
foot length should not have affected trends. Age has been found to affect postural 

sway (Ekdahl 1989, Kollegger 1992, Maki 1987, Murray 1975). This study 

evaluated changes in young adults and so age ranges should have no adverse 

effect. 

9.3.1.2 Centre of Balance Positionin 

It was expected that any improvement in proprioception would manifest as a 

movement of ccntre of balance (COB) co-ordinates to a point nearer zero, the 

point at which in single-leg stance, the ball and heel of the foot each carry a 

theoretical 50% of the body weight, and in double-leg stance, the point between 

the feet at which the ball and heel of each foot carries a theoretical 25% of the 

body weight (Chattecx Balance System Literature). 

It was found that closing the eyes in Untaped and Untrained test conditions 

resulted in a movement of COB away from the central base of support (CBOS) for 

all cases, with the exception of double-leg (Wide), Untaped. This is illustrated in 

Figure W" 91 and 92. 
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Index to abbreviations Figure n"s 91 to 97. 

L= Single-leg (Left) 
R= Single-leg (Right) 
N= Double-leg (Narrow) 
W= Double-leg (Wide) 

Chapter 9 

Figure n" 91 ol'Clo. ving the A'ves on Centre ofBalance in the Unlaped Condition 
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Eigure n" 92 1ý#ýct of Closing the Eyes on Centre of Balance in the Untrained Condition 

Centre of Balance Positioning (Untrained) 

COBy 

L 

1.6$ R 

R 

N01.2 

W0N 

0.8 
W 

40 Untrained Eyes Open 
*Untrained Eyes Closed 0.4 

COBx 

-0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0 0.1 0.2 

In the Taped (h , igure n' 93) and Trained (Figure n' 94) conditions, closing the 

eyes caused a movement closer to the theoretical CBOS (zero x and y co- 

ordinates) in all Taped conditions and in the double-leg (Narrow) Trained 

condition. Closing the eyes in Trained single-leg (Left) and double-leg (Wide) 

resulted in a movement away from the theoretical CBOS. 

Fignre n" 93 1,1W of Closing the Pyes on Centre QfBalance in the Taped Conclition 

Centre of Balance Positioning (Taped) 
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Figure n" 94 1-ý'ftecl ol'Closing the Eves on Centre qfBalance in the Trained Condition 

Centre of Balance Positioning (Trained) 
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The overall effect of taping the ankle was seen to result in a shift of COB left 

along the x-axis Figure n' 95, whereas training invoked a shift of COB fight for 

single-leg stance and left for double-leg stance (Figure n" 96). 

Figure n0 95 Effect of Taping on Centre of Balance Positioning 

Overall Centre of Balance Positioning (TAPING GROUP) 
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Figure n' 96 ýffixt of Training on Centre ofBalance Posilioning 

Centre of Balance Positioning (Training Group) 
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Kirby (1987) stated that 'a more narrow base of support is more challenging, 

necessitating movement of COB ftuther from the limits of stability'. This 

statement can be said to be true for these results where COB is seen to shift closer 

to the CBOS with double-leg stance, though more so for the narrow position than 

the wide position. A reason for this slight discrepancy would be that the double- 

leg (Wide) position is sufficiently wide for subjects to favour positioning their 

weight more over one foot than the other, as can be seen by the left shift of COB x 

in the wide stance position. 

Taping the ankle is seen to invoke the same response as training for double-leg 

stance; moving COB away from X-axis zero. Opposite effects for single-leg 

stance are seen, with taping resulting in COB movement towards X-axis zero for 

the right leg and away from X-axis zero for the left leg. Training, on the other 
hand, resulted in COB movement away from X-axis zero for the right leg and 

towards the X-axis zero for the left leg. 

The effect for overall COBX positioning indicates that subjects tended to maintain 

their weight slightly to the left (Figure it' 97). This may be as a result of the side 

of the subject to which the investigator stood. In both the study by Ekdahl (1989) 

and this study, the investigator stood to the left of the subject which may have 

resulted in the subjects orientating themselves to the left, with the exception of 
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single-leg (Right). The exception of single-leg (Right) can be attributed to the 

structure of the foot, where the lateral side is in contact with the floor and so the 

weight distribution will be through this side rather than the medial side of the foot, 

thus to the right in single-leg stance, right foot. 

Shift of weight towards the left was found with taping as with Dickstein (1984). 

This is in disagreement with findings of Kirby (1987) who reported a tendency for 

weight to shift to the right. When proprioceptively trained however, single-leg 

stance resulted in a shift of COB x to the right, but to the left in double-leg stance. 

COB y positioning for all test conditions except the single-leg (Left) eyes open, 

Untaped condition is anteriorly on the ball of the foot (Figure n" 97). In the 

Untaped and Untrained conditions COB y positioning moved anteriorly, further 

away from the CBOS (exception double-leg (Narrow) Taped). When Taped, 

closing the eyes results in the same response for single-leg (Left), but single-leg 

(Right) and double-leg stance positions result in a movement posteriorly, towards 

CBOS. 

Figure n' 97 Overall Centre ofBalance Positioning in Mping and Training Conditions 
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If a movement towards the CBOS can be assumed to imply that as demands for 

maintaining balance are increased, the COB is brought closer to the geometrical 
CBOS (Nichols 1995), then single-leg stance COB would be expected to be closer 

than double-leg stance and eyes closed result in a movement of COB towards the 

CBOS. In fact, this study determined that COB for single-leg stance is finther 

away from the CBOS than double-leg stance and no definite trend exists for 

movement of the COB either towards or away from the CBOS on closing the 

eyes. Movement of the COB is sensitive to rotation about the ankles, hips and at 

shoulder level, with sensitivity greatest at the ankle level (Koles 1980). However, 

activity at the other levels may influence the results, thus investigation of control 

of posture or movement at levels higher than the ankle needs to be addressed. 

To summarise, increases in sway were seen on closing the eyes and in the Taped 

and Trained conditions with Anterior/Posterior sway twice that of Left/Right sway 
in all conditions. Closing the eyes also resulted in movement of COB away from 

the CBOS as expected due to impairment of one component of the proprioceptive 

mechanism. Taping and training in single-leg (Right) and double-leg (Wide) as 

well as taping in single-leg (Left) were seen to have this same effect on COB 

suggesting that these conditions impaired the proprioceptive mechanism. 

However double-leg (Narrow) Taped and Trained and single-leg (Left) Trained 

resulted in movement of COB towards the CBOS implying improvement in 

proprioception. This inconsistency in results emphasises the need for ffirther 

study and clarification. 

9.3.2 Muscle Activi 

As results from postural stability were not conclusive as to the effect of taping and 

training on proprioception, the muscle activity during the balance tests was 

investigated to explore any increase in muscle activity due to an increase in 

proprioception. It was theorised. that any improvement in proprioception would 
be accompanied by an increase in muscle activity due to corrections of posture at 

the ankle, stimulating receptors and resulting in contraction and relaxation of 

supporting muscles to achieve stability. 
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Research has shown that when the centre of balance is well within the base of 

support, a subject sways around the ankles as a fulcrum, recruiting muscles from 

distal to proximal (Forrsberg 1982, Horak 1987). Alteration of the amount or 

nature of proprioceptive input to the CNS will result in a change in the muscle 

activation pattern (Bennell 1994). 

9.3.2.1 Gastrocnemius Muscle 

From investigations of EMG results of the gastrocnemius muscle during balance 

testing, it was found that in all cases, there was an increase in muscle activity on 

closing the eyes. This is to be expected as it removes visual cues about the 

subject's surroundings and subsequently balance is controlled to a greater extent 

by proprioceptive feedback from joint and muscle receptors. 

Single-leg stance resulted in muscle activity up to three times that of double-leg 

stance, with little difference between activity within left and right single-leg 

stance and narrow and wide double-leg stance positions. 

The effect of taping on muscle activity in single-leg (Left) was to decrease the 

minimum and maximum values of activity and although an increase in activity 

with taping was seen in the eyes open condition, a decrease was seen with eyes 

closed. This reduced the difference in activity between the two visual conditions 

when taped and could be interpreted as a decrease in the effect of removing visual 

cues and thus an increase in proprioceptive control. 

In contrast, the effect of taping on muscle activity in single-leg (Right) was seen 

as an increase in both overall and minimum/maximum values. Taping in double- 

leg stance positions also resulted in an increase in muscle activity, more so than 

seen in single-leg stance. This too could be said to be an effect of increased 

proprioception, though by an altered route to that seen in single-leg (Left) as 

denoted by the different result and an increase in activity in eyes open as well as 

closed conditions. Taping may have stimulated the cutaneous receptors invoking 

increased stimulation of the muscle. 

Training increased muscle activity in the eyes open visual condition for single-leg 

stance positions, but not the eyes closed. Therefore the difference in muscle 
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activity between Untrained and Trained conditions can be seen if visual 

conditions are intact. However, when the visual condition changes and 

orientation of the body by sight is removed, it would be expected that this 

difference would become more pronounced as balance becomes further 

challenged. As this is not the case, this prompts the suggestion of an alteration in 

motor activity or a learned response, which is affected by removal of one 

component such as vision, rather than a change in proprioception. 

Training was seen to have no effect on muscle activity for the gastrocnemius in 

double-leg stance positions. 

9.3.2.2 Peroneus Longus Muscle 

For the peroneus longus muscle, closing the eyes was again seen to result in an 
increase in muscle activity and for single-leg stance activity to be two to three 

times that in double-leg stance positions. 

The outcome of taping in single-leg stance was seen as an increase in muscle 

activity though more so in the left leg than the right. In double-leg stance 

positions, taping resulted in a change of activity to a level for both visual 

conditions between that of eyes open and closed untaped. 

Training increased peroneus longus activity in the left leg with the eyes open, but 

no effect was seen in the eyes closed visual condition. For single-leg (Right) and 
double-leg stance positions, decreased muscle activity was seen with 

proprioceptive training. 

93.2.3 Tibialis Anterior Muscle 

Tibialis anterior muscle activity increases on closing the eyes in all test 

conditions. Muscle activity is seen to be up to five times greater in single-leg 

stance than is double-leg stance positions. 

Taping results in a decrease in muscle activity in the left leg and right leg, eyes 

open condition but increases muscle activity in right leg, eyes closed and doubles 

activity in the tibialis anterior muscle in double-leg stance. 
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Training halves muscle activity in single-leg stance for the tibialis anterior muscle 

compared to the untrained condition but virtually no change in muscle activity is 

seen after training for double-leg stance. 

9.3.2.4 Soleus Muscle 

Closing the eyes in the Untaped and Untrained conditions had little effect on 

muscle activity in the soleus for double-leg stance positions and results in a slight 
increase in activity in single-leg stance. Soleus muscle activity does not however, 

vary greatly with stance condition. 

Taping increases muscle activity slightly in single-leg stance and doubles it in 

double-leg stance. 

Training is also seen to increase soleus activity producing higher levels of activity 
for the eyes open visual condition than the eyes closed visual condition, this 
increase in activity is observed to the same extent in all stance positions. 

9.4 DISCUSSION SUMMARY 

As in previous studies, the injury database confirmed previous reports of high 

incidence of ankle injury in football, highlighting the need for prophylactic 

measures in this area. It also demonstrated the divergent demands placed upon 
differing playing positions and thus a variation in risk of ankle injury, which 

needs to be addressed. To expand upon this knowledge, a more in-depth 

examination of injuries, their causes and consequences should be implemented. It 

ought to be noted at this point, that at present the Football Association is 

conducting a nationwide study of injuries in football in over 80 clubs in the 

Nationwide Football League. The results of this are greatly anticipated, in the 

hope that they will widen our knowledge and understanding of injuries occurring 

in the professional game. 

On examination of the consequences of taping and training upon athletic 

performance, although some decreases in performance were seen, more so in 

jumping perfon-nances than running, it was not deemed that these decreases were 

so significant as to be detrimental to the overall performance of the player. 
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However, limited sample size and the fact that non-injured individuals were used 

means that results are not representative of effects that may be seen in injured and 

rehabilitating subjects and so recommendation of the utilisation of either measure 

cannot be given until these have been investigated. 

Other limitations of this part of the study are the performance tests themselves. 
The tests were chosen to be comparable to previous studies in the literature, 

however, they cannot be said to be truly representative of performance activities 
in football. It would therefore be an idea to devise alternative performance tests 

that as well as being pertinent to the game of football, are also more inclined to 
the different playing positions and necessary variations in skills. 

As ankle injury, particularly ankle sprain, is common in football, as well as in 

many other sports, the need for prevention is great. Prophylactic ankle taping is 
frequently used, but with little evidence being presented to confirm its value. The 

aim of taping is to support the ankle structure by providing external mechanical 
restriction to large range of motions that would result in ankle sprain. Possibly by 
increasing the activation of the muscles supporting the joint, taping reduces stress 

on the ligaments holding the joint together. This theory gains support from the 

evidence of this study. Prospective epidemiological studies have shown a 
decrease in the incidence of ankle injury with ankle support use, with 

effectiveness dependent upon the material properties and application and on the 

athletes level of ankle stability or previous injury. 

An external support should protect against extreme inversion amplitudes if risk of 

injury is to be reduced (Scheuffelen 1993) and as tape can only provide limited 

mechanical support of the ankle joint complex, it may have proprioceptive effects. 

As well as initial mechanical support and proposed proprioceptive stimulation, 

taping may also work as a psychological reminder, so that ankle joint motion is 

consciously moderated. 

Proprioceptive training is another approach to the prevention of ankle injury and 
is used to enhance the neuromuscular response to ankle motion. Theoretically, 
increasing flexibility would allow an ankle to go through particular range of 

movements without reaching the limits of motion at which ankle injury is more 
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likely to occur. Increased muscle strength in the lower limb would allow the 

muscles to resist the motions that tend to result in ankle sprain. An increase in 

neuromuscular response time would also allow the individual to react more 

quickly to a possible injurious event. 

Taping and training are both seen to increase postural sway, but not generally to 

affect performance of functional activities. This obviously implies an alteration in 

the proprioceptive mechanism. Other authors referred to an increase in sway as 
being detrimental, although this cannot be confirmed from the results of this study 

until further investigation has been carried out as to whether this results in 

changes in the incidence of ankle injury. 

It is generally accepted that the body employs a variety of balance strategies, 

though the ankle strategy is most likely to be implemented in static standing 

balance. The changes in sway seen here could be associated with a change in the 

balance strategy being implemented, with the increase in sway an indicator of the 

change in balance strategy. Changes in postural sway with taping and training 

also implies an interference of the integration of the three sensory control systems, 

directly affecting the control of posture. 

The nervous system is dynamic and the demands placed upon it are complex. 

During most functional activities, postural reactions are incorporated into the 

movements being produced, and they are programmed in an anticipatory fashion 

to compensate for both the active and reactive kinetic forces occurring during the 

movement. Postural reactions are less likely to be tested by a static stance 

paradigm that fails to measure the adaptive components of the postural response 

that are necessary and essential to dynamic balance during most functional 

activities. An increase in sway during quiet stance cannot be correlated with the 

sway dynamics that occur when external forces are imposed upon the body. The 

changing position of the body parts could shift the centre of balance without 

affecting stability (Judge 1993). 

Posture and balance together represent a complex integration of mechanical, 

sensory and motor processing systems, which enable the maintenance of 

uprightness against gravity. Thus a high level of postural control is an integral 
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part of sporting activity (Bennell 1994) and it should be expected that an inability 

to balance could increase a player's susceptibility to an ankle sprain. However, 

ankle sprains occur in the brief moments between heel strike and mid-stance, so 
the loss of balance must occur within these finite phases of gait (Hertel 1996). 

Perhaps assessment of postural sway over a ten-second balance period is an 
invalid predictor of balance and joint proprioception during functional activities 

and investigation of the actual moment at which ankle sprains are most likely to 

occur during the functional activity is required. 

It is possible that athletic experience means that balancing ability has been learnt 

to a high level that cannot be improved upon significantly. Past athletic 

experience may act as a proactive inhibition and interfere with learning a new 
balancing skill (Kozar 1972). 

Although increased sway, or increased limits that the sway reaches is observed, 

this does not necessarily indicate an increase in the total path travelled. Peaks 

may be caused by muscle function, therefore the pattern of association between 

the sway and muscle activity needs to be investigated. 

Muscular work is needed for corrective efforts to stabilise the body after a change 

in the position of the body's centre of gravity, and thus a certain functional ability 

of stabilising the muscles is necessary, as seen here with increases in muscle 

activity with taping and training the ankles. Compensation of body sway involves 

movement primarily at the ankle joint, as torque exerted by ankle musculature 

propels the centre of mass back to a point of stability. Here, with subjects tending 

to lean forward, fin-ther muscle activity is produced to maintain this posture. 

Increased muscle activity due to taping and/or proprioceptive training with a 

concomitant increase in postural sway and movement of COB away from the 

CBOS does not imply decreases in central nervous system control of postural 

muscle tone and balance as suggested by Hassefts (1975). It rather suggests that 

an increase in postural sway, along with an associated increase in muscle activity 
be derived from an increase in proprioception, as observed in both taping and 

proprioceptive training methods. The concern with this statement is that if there is 

an increase in postural sway, then this means that the subject is less stable and so 
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the risk of injury is greater. However, it may also suggest that there is an increase 

in joint flexibility. Although this could be the case, it has not been investigated 

here. Nevertheless, if the increase in sway is still within the subject's own limits 

of stability then the effect cannot be determined as being detrimental. 

Additionally, it is suggested external influences that may cause injury may be 

counteracted by this increased muscle activity and thus actually be of benefit, 

resulting in faster stimulation of receptors and recruitment of fibres to evoke the 

resultant protective response. 

Thus to summarise, the effects of taping and training on muscle activity offer a 

variety of conflicting outcomes. Increases seen in muscle activity can account for 

the increases also seen in postural sway, though whether this can be claimed to be 

a result of increased or decreased proprioception is questionable and cannot be 

fully determined here. Adjustments and alterations to the proprioceptive system 
caused by taping or proprioceptively training the player may occur, and it still 
needs to be resolved whether the change in both postural stability and muscle 

activity with taping or training increases the risk of injury to the player. 
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CHAPTER 10: CONCLUSIONS AND FURTHER WORK 

10.1 CONCLUSIONS 

4. '- Confirming reports in the literature, examination of results of the injury 

database yielded a high incidence of ankle injury, thus warranting an 
investigation of prophylactic measures. 

-*. - There is a variation in risk of ankle injury depending on the player position 

and team demands. 

, e. - Peaks of incidences are found at three main points in the football season. The 
first is pre-season, the second mid-season when playing becomes more match 
intensive, and the third and the end of the playing season, most probably due 

to player fatigue. 

The consequence of taping and training upon athletic performance was a 
decrease in jumping performance. This was not however, deemed to affect the 

overall performance ability of the player and should be weighed against the 

risk of injury. 

0 D- ;- Results obtained from the athletic performance tests do not fully represent 
effects that may occur if taping and training were carried out on injured 

subjects. 

-. *- Taping and training are seen to increase postural sway, suggesting an 

alteration in the proprioceptive mechanism or in the balance strategies 

employed by the body. This implies interference in the integration of the three 

sensory control systems directly affecting the control of posture. 

: Despite results indicating an increase in postural sway with taping and training 
during quiet stance, this cannot as yet be correlated with adaptive components 

of the postural response that may occur during dynamic balance and 
functional activities. 
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The addition of external forces may change the position of body parts and so 
shift the centre of balance. This does not however, result in a pernicious 
influence upon stability. 

t Assessment of postural sway over a ten-second balance period is not a clear 
gauge of balance and joint proprioception during functional activities and so 
cannot predict improvement in proprioception and consequently cannot attest 
to the benefit of prophylactic measures such as ankle taping or proprioceptive 
training. 

-. *- Past athletic experience may act as a proactive inhibition and interfere with 
learning a new balancing skill. If this is the case, a 'healthy' player may 

already be at their peak proprioceptive level, resulting in a failure to improve 

proprioception. 

-. *- There is a definite relationship between muscle activity and the prophylactic 

measures implemented, suggesting that they act to stimulate the 

proprioceptive system, inducing muscle contraction to maintain balance and 

so stability. 

An increase in postural sway is seen, along with an increase in muscle activity 

on taping and proprioceptively training the ankle. Although previous studies 
have insinuated a decrease in postural sway to be indicative of a decrease in 

proprioception, this may not necessarily be the case. With the concomitant 
increase in muscle activity, an increase in postural sway intimates an increase 

in receptor stimulation and possibly joint flexibility. Since sway remains 

within the subject's own limits of stability, taping and training cannot be 

determined as being detrimental to the proprioceptive mechanism. 

:- Results of the investigation, though not conclusive as to a positive 
proprioceptive and thus prophylactic effect of taping or proprioceptively 
training the healthy ankle in football, do sanction further research into their 
propnoceptive effect, but more importantly their prophylactic effect. 
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10.2 FURTHER WORK 

Chaptcr 10 

Due to the variability existing for postural sway measures, future research should 

address the effects of external support during dynamic exercise, as periodic 
measurements during game situations would provide a measure of the 

effectiveness for movements within particular situations. Experiments to 
determine the mechanism by which an external ankle support works and the 
different influences of mechanical and proprioceptivc processes would aid in 

development of ankle support effectiveness in reducing ankle inversion injury. 

As a suggestion, three dimensional video analyses with electromyography and 
force measurements could allow quantification of the effects of external support 
and proprioceptive training during sport. 

Further research needs to examine postural sway during brief periods of time such 
as initial changes in support system movements (Hertel 1996). 

A larger population study is required for healthy subjects to give a good baseline 

measurement of the various parameters. Along with this, studies of injured 

subjects are needed to investigate the proprioceptive processes throughout the 

rehabilitation regime. In connection with both of these, the effect of different 

methods of taping and external support and training should be examined to 

analyse their influence as both rehabilitative and prophylactic tools. In addition, 
other sports could be investigated to examine the different stresses placed on 
players of different sports. 

Furthermore, investigations are necessary to determine the effects of ankle joint 

injury on centre of balance and postural sway. It is not yet clear whether COB 

adaptations seen in this study also occur in athletes with injuries to the lateral 

ankle ligaments. It is possible that interaction such as taping and proprioceptive 
training in injured players may alter adaptive responses and be of benefit. 

Perhaps proprioceptive deficits are not caused by selective damage to 

proprioceptive system and it is the combination, or, more specifically, the 
interpretation of the inputs that becomes distorted. In recent years joint 

mechanoreceptors have been the focus of ankle joint proprioception studies (Garn 
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1988, Glencross 1981, Gross 1987a, Hertel 1996). These studies have led to 

varying results introducing more questions. It is possible that muscle and tendon 

mechanoreceptors could also become damaged following joint injury. 

Nitz (1985) reported damage to the tibial and pcroneal nerves following grade II 

and III ankle inversion sprains. If these large nerves are damaged, then 

neuromuscular interaction would be affected. It is also possible that the afferents 

arising from the muscles and tendons could become damaged during similar 

injury. If this were the case, it would make sense to assess proprioception. in a 

manner that would combine the use of joint, skin and muscle mechanoreceptors, 

rather than selectively assessing each. Since it is impossible to selectively assess 
different receptors without anaesthetising them, it might make more sense to 

assess co-ordination of the interpretations of the various types if receptors (such as 
those that sense movement, velocity or position). This could be accomplished by 

measuring joint position sense at clinically relevant velocities in weightbearing 

and non-weightbearing positions and with varying amounts of force. 

In the area of proprioceptive training, a more comprehensive investigation of 

proprioceptive processes and particular training regimes needs to be undertaken to 

widen our knowledge and aid in the prevention of injuries. In particular the 

examination of proprioceptive levels in the healthy and injured sportsperson. 

With the Football Association conducting a nationwide study of injuries in 

football, a start has been made on research into understanding the cause of 

injuries, particularly occurring in the professional game. This will provide a basis 

from which research into specific injury prevention can move forward. An overall 

increase of research in the area of injury prevention and sports rehabilitation can 

only help to elucidate the influence of taping and training along with other 

prophylactic mechanisms. The ultimate aim is to improve conditions within the 

game, and reduce injury incidences and rehabilitation times and thus be of benefit 

to all concerned. 
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APPENDIX ONE 

INJURY QUESTIONNAIRE 
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INJURY RECORD. 

Appendices 

PLAYER 
IDDENTIFICATION 

I I. 

2. PLACE OF INJURY I TRAINING GROUND 2 FOOTBALL 
GROUND 

3 OTHER 4 UNKOWN 
3. INJURY NUMBER IST () 2D 3' ()4 TH () 5+ 

DESOUPTION 
4. TEAM )FIRST )RESERVE 

I 

YOUTH 

I 

15. 

TION 
PRESTON 

1 

I 

TH 

I. 
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INJURY 
DESCRIPTION 
8. NATURE OF INJURY I ABRASION 

02 CONTUSION 
03 CONCUSSION 
04 DENTAL INJURY 
05 DISLOCATION 
06 FRACTURE 
07 LACERATION 
08 PUNCTURE WOUND 
09 SPRAIN (MILD) 
10 SPRAIN (SEVERE) 
II STRAIN - MUSCLE (MILD) 
12 STRAIN - MUSCLE (SEVERE) 
13 HEAT EXHAUSTION 
14 OVERUSE 
15 OTHER 
16 UN KNOWN 

9. BODY PART INVOLVED HEAD & FACE 
NECK 
CHEST 
ABDOMEN 
NIUSCULOSKELETAIL 

01 VERTEBRAE 
02 SHOULDER 
03 CLAVICLE 
04 UPPER ARM 
05 ELBOW 
06 FOREARM 
07 WRIST 
08 HAND 
09 FINGER 
10 PELVIS/GROIN 
II HAMSTRING 
12 HIP 
13 THIGH 
14 KNEE 
15 LOWER LEG 
16 ANKLE 
17 FOOT 
18 TOE 
19 OTHER 

10. BODY SIDE OF INJURY I RIGHT 
2 LEFT 
3 NOT APPLICABLE 
4 UNKNOWN 

11. SEVERITY OF INJURY I FATAL 
2 HOSPITALISED, 
3 INJURY WITH NO PARTICIPATION 

(LOST TIME) 
4 INJURY BUT WITH PARTIAL 

PARTICIPATION 
5 INJURY BUT WITH ACTIVE 

PARTICIPATION 
16 UNKNOWN 
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12. DID THE PLAVER 
CONTINUE TO 
PARTICIPATE IN THE 
SAME GAME OR I YES 2 NO 
SESSION AFFER THE 
INITIAL INJURV 
SITUATION? 

, 
AIP 'v 

$40 
A 

I lqljlý 
AO 

INJURY 
DESCRIPTORS 
13. GENERAL ACTIVITY I GAME 4 OTHER 

_7 EXERCISE 5 
UNKNOWN 

3 DRILL 
14. ACTIVITY AT TEWE OF I KICKING 4 OTHER 

INJURY 2 TACKLING 5 
LNKNOWN 

3 RUNNING 
15. HALF OF INJURY I is, 2 2' 
(GAMIE INJURIES ONLY) 

18. MONTH OF INJURY 01 
02 
03 
04 
05 
06 

JAN 
FEB 
MAR 
APR 
MAY 
JUN 

07 
08 
09 
10 
11 
12 

JUL 
AUG 
SEPT 
OCT 
NOV 
DEC 

19. IF INJURY OCCURRED () I() II () 21 
IN REGULAR SEASON, 02 12 22 
INDICATE WEEK OF 03 13 23 
PLAY OF SEASON. 04 14 24 

05 15 25 
06 16 26 
07 17 27 
08 18 28 
og 19 29 
10 20 30 

UNKOWN 
20. DAY OF WEEK OF I( ' ) MON 4 THU 7 SUN 

INJURY 2( 
L 

) TUE 5 FRI 8 )UNK 
l I ) WED 6( SAT 

304 



, M. W. Faitht'W Apfwndices 

21JI'ME OF DAYOF 1 6-8.51) AM 5 6-8.51) PM 
INJURN' Q-1 1.51) AM Q-] 1.51) PM 

1 2.51) PM 1-7-5.59 AM 
4 PM 8 UNKNOWN 

22. TENIPER-ATURE. -AT 
TIME OF INJI'RN 

23. CI, I%l. ATE. -kT TIME OF I CLEAR OR CLOUDY 
INJURY RAIN OR DRIZZLE 

3 SNOW OR SLEET 
4 UNKNOWN 

AIP 

#0 
J4 IMP 

PAST HISTORN' 
24. " AS I'lilS A REIN. It RN 

OFA PRF, %'10t*S I YES NO 3 
TRAt*'. %I.. %Tl(' UNKNOWN 
CONDMON? 

25. IF A REINRýRN*, HOW I( ATHLETIC ACTIVITY 
DID I" INJt; Rl* -1 ( NON-ATHLETIC ACTIVITY 
()( '('tTR? 3( UNKNOWN 

IF ANKLE, KNEE OR 
LEG INJURY; 
26. DE-SCRIBE, JOINT I TAPED 3 BRACED 5 

UNKNOWN 
2 WRAPPED 4 NONE 

27. SHOF TYPE I LOWCUT 3 HIGHTOP 5 
UNKOWN 
"() MEDIUM 4 SOCCER 6 
OTlIER 

28. CLEAT TYPE I() NONE 3 SOCCER 
RIPPLE 
ý() CONICAL 4 MULTIPLE 6 
OTl-IFR 

ADAPTED FROM NFI I (Natimud Tackle Football ftýjw-y) PROJECT. 
JAMA 1970 213 439-447 KRAUS JF BURG FD 
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ATHLETIC PERFORMANCE INFORMED 

CONSENT 
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INFORMED CONSENT FORM 
INFORMATION SHEET 

Appendices 

ATHLETIC PERFORMANCE 

After an ankle sprain occurs, practice and playing time can be lost while recovery 
is taking place. To try and avoid this problem, attention has been focused on 

prophylactic protection of the ankle during athletic participation. If performance 
is diminished by a prophylactic device, it is unlikely that it will gain wide 

acceptance. 

Therefore, by focusing on performance, the effect of ankle taping or 
proprioceptive training can be evaluated. 

Four performance tests are to be completed by subjects with ankles taped and 
untaped and after proprioceptive training to assess their effects on the athletic 
ankle whilst exercising. 

The aim of the tests is to reveal any significant difference between the 
experimental conditions for any of the performance events tested. 

The four tests are; 

A) VERTICAL JUMP. 

Subject stands perpendicular to the test wall, fingers chalked. 
Subject crouches and then jumps vertically as far as possible. 
The difference between the standing vertical reach and peak jump height is 

recorded as the vertical jump height. The distance is recorded to the nearest 0.5 

CM. 

B) SPRINT (40 yd). 
From a standing start, the subject runs forward as fast as possible over the 
distance. The time taken is measured to the nearest 0.0 1 second. 

BROAD JUMP. 

From a standing start, the subject jumps forward as far as possible. The distance 
is measured to the nearest 0.5 cnL 
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D) SHUITLE RUN. 

Appendices 

From a standing start, the subject runs forward from the start line 5 yds to the 

right, touches the line and turns, then runs 10 yds to the left , touches the line and 
turns, then runs 5 yds to the right crossing the start / fmish line. Time is 

measured to the nearest 0.0 1 second. 

Testing Procedure: - 
Testing is to be performed on four separate days, with approximately 7 days 

between test sessions. 

Test session I is used as a pre-test to allow subjects to become familiar with the 

performance test requirements and data collection procedure. 
The performance tests are randomised within each test session to minimise the 

effects of fatigue, learning and the loosening effect of the tape. 

Prior to the beginning of testing, subjects should complete a warm-up consisting 

of 

" jogging for 8 minutes 

" stretching 

" submwdmal trial for each performance test. 

Subjects will be required to complete each test twice, the average score being 

taken as the criterion measure. Subjects are to rest approximately 2 minutes 
between trials and 10 minutes between performance tests. 

The tests wiH be canied out on three occasions with anldes untaped. and taped and 

on one occasion after proprioceptive training has been completed (untaped). 

Please do not hesitate to ask if you have any questions regarding the testing 

procedures or any other part of the research. 
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INFORMED CONSENT FORM. 

Appendices 

All information and data derived from the subject will remain confidential by the 
fact that at no time will subjects be identified by name in a manuscript or 

publication without their written consent. 
All data will be protected and stored separately on secure disk and at no point will 
named information and derived data be kept together. 

I understand that no disadvantage wifl arise from my decision to participate or not 
I retain the right to withdraw consent at any time and discontinue participation 

without prejudice. 

agree to take part in this study. 

SIGNED 

DATE 
Printed Name 

Physiotherapist 

MELISSAFAMEFUL 

Department of Rehabilitation 

University of Salford 
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APPENDIX THREE 

PROPRIOCEPTION INFORMED 

CONSENT 

Appendiccs 
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INFORMED CONSENT INFORMATION SHEET. 

PROPRIOCEPTION. 

A large proportion of injuries occurring in soccer today is taken up by ankle 
injury. In recent years a way of trying to prevent these injuries and also to help 
stabilise the ankle during rehabilitation is by the use of ankle taping. 

To try to discover whether taping the healthy athletic ankle actually gives any 
proprioceptive benefit this study is looking at balance and EMG 
(electromyography) - to study of the activity of muscles in the lower leg, to g 
an insight into the proprioceptive behaviour of the ankle and lower leg with and 
without taping and after proprioceptive training. 

Testing. 
The tests that you will be asked to carry out involve balance assessment and will 
be as follows: 
I. Single leg stance - whilst focusing your attention at a point directly in front of 

you, you will be asked to maintain your balance while standing on one leg 
(both left and right legs will be tested), with your arms relaxed by your sides, 
and the other leg held at approximately 45' knee flexion. This test will last 10 
seconds and be repeated 3 times for each leg. 

2. Single leg stance - You will be asked to repeat the (1) above, but this time with 
your eyes closed. 

3. Double leg stance I- whilst focusing your attention at a point directly in front 
of you will be asked to maintain you balance with your arms relaxed by your 
sides. This test will last 10 seconds and be repeated again with your eyes 
closed. 

4. Double leg stance 2- You will be asked to repeat (3), but this time with a wider 
base of support. 

Throughout these balance tests, EMG (recordings of muscle activity) will be taken 
of four muscles in your lower leg. This will mean placing 9 surface electrodes on 
each leg, which will then be connected via leads, to a small box around your 
waist. You will encounter no discomfort during testing. 

Please do not hesitate to ask if you have any questions regarding the testing 
procedures or any other part of the research. 
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INFORMED CONSENT FORM. 

All information and data derived from the subject will remain confidential by the 
fact that at no time will subjects be identified by name in a manuscript or 

publication without their written consent. 
All data will be protected and stored separately on secure disk and at no point will 
named information and derived data be kept together. 

I understand that no disadvantage wiH arise from my decision to participate or not. 
I retain the right to withdraw consent at any time and discontinue participation 

without prejudice. 

I agree to take part in this study. 

SIGNED 

DATE 

Printed Name 

Physiotherapist 

MEELISSAFArMFUL 

Department of Rehabilitation 

University of Salford 
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APPENDIX FOUR 

Appendices 

SUBJECT QUESTIONNAIRE ON TAPING 

DURING ATHLETIC PERFORMANCE 

TESTS 
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SUBJECT QUESTIONNAIRE. 

ATHLETIC PERFORMANCE TESTS 

Date completed: 
Subject Number 

On a scale of I to 10 circle the appropriate number. 

Appendices 

A) What level of comfort did the taping provide? 
Very uncomfortable Very comfortable 

123456789 10 

B) What level of support did the taping provide? 
No support Maximal support 

123456789 10 

Q What was your level of confidence when wearing the tape? 
No confidence Very confident 

123456789 10 

D) How do you feel the taping affected your perfonnance? 

E) Any other comments: - 
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