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I 

 

ABSTRACT  

Background:  Lower extremity injuries in running based team sports are extensive and 

debilitating. No studies to date have examined the contribution of lower limb comfort in 

preventing and or managing injuries. 

Objectives:  Address one of the most common issues in professional football; the high 

incidence of lower extremity injury by examining the relation between lower limb 

comfort, injury and performance. 

Methods and Results:  The thesis comprised six separate studies involving 

professional footballers from three codes of football (Australian Rules, Rugby League 

and Rugby Union). A novel instrument, the Lower Limb Comfort Index (LLCI) was 

developed to enable a technique to measure lower extremity comfort in professional 

football. The LLCI demonstrated good responsiveness among the football fraternity to 

suitability (McNemars test, P=0.019) and ease of use (McNemars test, P<0.01). The 

LLCI was a reliable measure of lower extremity comfort in two professional football 

environments; training week (ICC 0.99) and match day (ICC 0.97). Lower extremity 

comfort was responsive to passage of time and demonstrated high criterion-related 

validity for the relationship between comfort and injury. Poor lower limb comfort was 

highly correlated to injury (R2 =0.77). 

Footwear intervention studies were applied to a sub-group to test the effects of 

footwear on comfort. Tailored footwear programs resulted in reduced lower limb injury 

(P=0.005) and better lower extremity comfort ratings (P<0.001). Individual football 

rated performance measures were compared with lower extremity comfort. A footballer 

with poor lower extremity comfort generally did not perform well in a match situation. 



 

II 

 

Poor lower limb comfort and good match day rated performance were not well 

correlated (R2 =0.25, P=<0.001). 

Conc lusion:  The concept of lower limb comfort has important relevance for future use 

in sports medicine, research and clinical practice. High comfort scores can be 

interpreted as a protective mechanism for lower limb injury.  
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CHAPTER ONE  

INTRODUCTION 

 

1.1  INTRODUCTION 

The thesis titled “An investigation into associations between lower extremity 

comfort, injury and performance in elite footballers” further explores and 

contributes to the sports injury-medicine paradigm first developed by van 

Mechelen et al (1992). The van Mechelen model (Figure 1.1) has been 

reinforced over the years with substantial efforts by researchers. For 

example, Orchard and Seward (2009), annually publish the world’s largest 

continuous football injury surveillance data. Finch (2006) proposed the TRIPP 

model (Translating Research into Injury Prevention Practice) which advocates 

the need for prevention programs to be capable of pragmatic application and 

measurable outcomes in clinical settings. In addition, Bahr and Krosshaug 

(2005) reinforced a multifactorial approach to the assessment of all internal 

and external risk factors. 
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Figure 1.1 van Mechelen’s sequence of sports injury prevention. Modified from 

van Mechelen et al. (1992). 

 

 

The thesis investigates an addition to the sports injury paradigm by adding a new 

layer not previously researched in sports medicine literature; the role of lower 

extremity comfort in running-dependent football codes (Figure 1.2). The addition of a 

comfort layer to the van Mechelen model is postulated to enhance the theoretical 

components of the sports injury model by the addition of a clinical tool for health 

practitioners. The comfort application enables a prospective measure of the health 

status of the lower extremity at specified stages of the sports-injury model.  

 

 

 

 

Step One  

  Establishing the extent 
of the sports injury 

problem 

• Incidence 
• Severity 
 

Step Two     

Establishing                               
aetiology and 

mechanism of injuries 

Step Three    
Introducing preventive 

measures 

Step Four     

Assessing effectiveness of 
preventative measures by 

repeating step one 
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Figure 1.2 A proposed conceptual comfort framework modified from van Mechelen et al., (1992) model providing a clinical       

measure of musculoskeletal well-being. 

  

Stage One  
Establishing the extent of the sports injury problem  

• AFL injury surveillance report  (Orchard & Seward, 1996-2010) 
• Large proportion of musculoskeletal injury lower limb (Hagglund, Walden, & Ekstrand, 

2007; Taunton, et al., 2003; Walden, Hägglund, & Ekstrand, 2005) 

Stage Three  
Introducing preventative methods that are practical and clinically feasible  

• TRIPP (Finch, 2006)  
• Musculoskeletal screening programs (Crowell & Davis, 2011) 
• Footwear programs (Cheung & Ng, 2010; Wegener, Burns, & Penkala, 2008) 

  

Stage Four  
Evaluation of programmes   

(Finch, 2009; Scase, Cook, Makdissi, Gabbe, & 
Shuck, 2006) 

Stage 3b & 4b  

Comfort Intervention  

Prospective comfort measures of 
individuals and groups to measure 

effect of training programs, 
recovery programs, medical 

interventions on musculoskeletal 
status 

 

Stage 2b  

Comfort Intervention  

Baseline comfort measures 
of individuals and groups  

Stage Two  
Establishing aetiology and mechanism of injuries  

(Bahr & Krosshaug, 2005; Engebretsen, Myklebust, Holme, Engebretsen, & Bahr, 
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1.2 RATIONAL & PURPOSE 

Injury statistics in running-based team sports (the rugby codes, soccer, 

Australian rules and American football) indicate a high proportion of 

injuries occur to the lower limbs. Lower extremity injuries result in 

significant financial and social impacts (Engebretsen & Bahr, 2005). Two 

cost analyses indicate sports-related injuries cost the community in 

excess of $2 billion annually (Medibank, 2006; Orchard & Finch, 2002). 

These injuries result in significant financial and social impacts to players, 

clubs and organisations. Therefore, reduction of lower extremity injury is 

an important criterion in football for reasons ranging from performance-

based criteria (player welfare, footballer fitness, team cohesion due to lack 

of injuries, and winning games) to financial considerations (player 

payments, medical rehabilitation costs, and club sponsorship based upon 

team success).  

The relationship between lower extremity comfort and injury in 

professional football is a novel area of investigation. The research 

presented in this thesis represents the first Australian based professional 

football prospective study. The outcomes will provide injury minimization 

strategies for professional footballers and anticipated flow on contribution 

to amateur football and exercise enthusiasts.  
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1.3 OBJECTIVES AND HYPOTHESES OF THE STUDY 

The general objective of the thesis was to:  

Demonstrate an improved understanding of the role of comfort with 

injury and perceived performance in professional football. This 

involved specific objectives of: 

I. The development of an instrument to measure lower extremity 

comfort (Lower Limb Comfort Index).  

II. Applying the Lower Limb Comfort Index (LLCI) in the field of 

professional football competition with 182 professional footballers 

encompassing three football codes (Australian Football, Rugby 

league and Rugby union). 

III. Comparing the effects of a tailored footwear program in two 

different groups of Rugby league players to assess the effect of 

footwear on comfort and injury. 

IV. Examining associations between lower extremity comfort and 

perceived performance.  

 

The hypotheses tested were: 

I. The LLCI is a reliable tool to measure changes in lower extremity limb 

comfort over time in a competitive football environment. 

II. Poor lower limb comfort is positively correlated with injury and negatively 

correlated with high perceived performance. 
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III. Aspects of a tailored footwear program are of benefit to professional 

footballers for comfort and injury outcome measures. 

 

1.4 THE TOPIC/ QUESTION / PROBLEM IDENTIFIED  

The context of the thesis is described via a systematic review of literature 

(Chapter 2), which provides a rationale for the study to be performed. The 

thesis progresses in a logical sequence, of six related studies. The studies 

commence with the development of an instrument to measure lower 

extremity comfort (Chapter 3); establishing the reliability of the LLCI 

(Chapter 4); the application of the lower extremity measure for comfort 

and injury in football (Chapter 5); two control and intervention studies 

monitoring the effect of footwear on comfort and injury within rugby league 

(Chapters 6 and 7); and finally exploring whether comfort is associated 

with performance (Chapter 8). All of the studies are supported by 

publications directly arising from this thesis (page VIII). The final chapter 

(Chapter 9) contains a summary of the research findings and a number of 

conclusions and directions for further study are discussed. 
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1.5 DELIMITATIONS TO THE STUDY  

The experimental design of the study was delimited to a number of factors. 

I. Professional footballers playing senior and reserve grade 

football from the dominant winter football codes played in 

Australia were selected as the targeted population for the study. 

Football (soccer) was not included as it is played in summer in 

Australia and data collection for other codes was more 

conveniently collected within the same time frame. The design of 

the study was not able to accommodate soccer, but it is 

speculated the results from the three codes studied would be 

applicable to football (soccer).   

II. This study was delimited to lower limb comfort indices. Variables 

did not include lower extremity morphology and biomechanics of 

individuals because the primary objective was centred on 

comfort. More specifically, lower extremity comfort provided a 

simple end-point measure and was considered the culmination 

of the interplay of multiple variables which in research are 

difficult to control. 

III. Other variables such as environmental conditions (playing 

surfaces), rate of perceived exertion, movement patterns 

(distances covered) per player/game were not measured. These 

factors will affect musculoskeletal loads. It was considered that 



 

8 

 

where ground surfaces or where footballers had high exertion 

rates, musculoskeletal fatigue would be captured by a low 

comfort score.  

 

1.6 LIMITATIONS 

I. The speed of matches was not within the control of the research 

but usual loading was considered necessary for testing the 

feasibility of the lower limb comfort index.  

II. Other limitations included player motivation that may have 

wavered during the course of data collection, which occurred for 

up to 30 weeks of a football season. Therefore, motivation may 

influence some data.  

III. Although, the comfort results were confidential and not 

discussed with coaching staff, it is acknowledged players may 

have inflated individual comfort scores, in an effort to conceal an 

ailment. Some athletes may not have shared the same priority 

for honesty in responses as others, but this was not possible to 

assess. 

IV. The conditions under which players competed and trained were 

likely to vary across the season, but climatic control was beyond 

the scope of the study. 
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V. Other limitations were measures of individual football form, 

nutrition, and general well-being; all of which were outside the 

scope of the research. 

 

1.7 SIGNIFICANCE OF STUDY 

Lower limb injuries are associated with a large number of intrinsic and 

extrinsic factors that affect musculoskeletal load and tolerance (Bahr & 

Krosshaug, 2005). The past two decades of sports medicine literature 

provides consensus that not one, isolated risk factor dominates the 

lower limb injury paradigm and no one intervention is a panacea for 

management of injury. Rather, injury causes and intervention strategies 

are multi-factorial, complicated, and require constant appraisal and 

revision (Van Mechelen, Hlobil, & Kemper, 1992).  

The chapters in this thesis are the first to profile physical well-being of 

the lower extremity of footballers contracted to three codes of 

professional football played in Australia (Australian Football League, 

National Rugby League, and Super 14 Rugby Union). The method of 

determining the health status of the lower extremity of professional 

footballers and the effect of lower extremity physical well-being on injury 

involved the development of a lower extremity comfort index. The clinical 

application of comfort theory as a component of injury management lies 

in the use of a self-rating psycho – physical comfort index. The setting of 

individual lower limb comfort benchmarks in sport for players can be 
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used to monitor lower limb musculoskeletal health, plan for training and 

formulate prehabilitation and rehabilitation programs. If discomfort can 

be identified early, it may be possible to intervene before injuries 

deteriorate. 

The study outcomes have clinical relevance to health professionals who 

treat injury, provide comfort and injury data for stakeholders of athletic 

footwear, may contribute to footwear design for the benefit of the 

consumer, and enhance the scientific community’s understanding of lower 

limb injury in professional football codes.  
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CHAPTER TWO 

SYSTEMATIC REVIEW OF LOWER EXTREMITY 

MUSCULOSKELETAL COMFORT IN FOOTBALL  

 

2.1 ABSTRACT  

Background: Comfort concepts for musculoskeletal disorders and clinical 

practice are well documented in the domains of medicine and nursing. Research 

involving footwear comfort suggests that lower extremity musculoskeletal 

physical comfort also has a role within sports medicine. However, this concept is 

under represented and is a concept not previously investigated within 

professional football. It is postulated that an ecological association between 

physical comfort and football performance exists. 

Objectives:  To identify whether measures of physical comfort have been utilized 

in professional football as a barometer of lower extremity physical well-being. 

Methods:  The data bases CINAHL, PsycINFO, Medline, SPORTDiscus, 

Cochrane, and Scopus were searched to retrieve all peer-reviewed publications. 

Articles were categorized according to the relevance of research to lower 

extremity comfort especially applicable to football. When comfort themes were 

lacking, the search was expanded to include physical activity. Because of limited 

available literature for football and comfort, an expansion to the descriptive terms 

of lower extremity pain and discomfort was deemed acceptable for relevance to 

the selected topic. 
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Results:  The search retrieved 2117 publications, with exclusions of publications 

before 1990. Forty-six percent (N=976) of publications established comfort 

themes specific to the lower extremity. Less than 5% (N=46) of comfort-related 

themes were relevant to physical activity and or, sport. None of the publications 

examined relationships between comfort and lower extremity injury specific to 

football. In contrast, pain measures applicable to the lower extremity were more 

commonly cited (54%, N=1141). Of these, 211 (18%) publications were directly 

associated with physical activity, however less than 3% specifically related to 

football. 

Conclusions:  The area of lower extremity comfort is under-researched and is a 

concept not previously investigated within professional football. Pain is a theme 

more commonly cited in football injury literature. The relevance of comfort to 

running based activities provides impetus to investigate comfort concepts within 

football of all codes. The research represents an exciting opportunity to 

contribute to the early detection of sports injury. 

2.2 INTRODUCTION 

Musculoskeletal disorders within the confines of general society, are postulated 

to have significant detrimental effects for functional independence, and place a 

burden upon society (Handoll, Gillespie, Gillespie, & Madhok, 2007). Similarly, 

pain and discomfort in sport can compromise performances of individuals, have 

long term health consequences, and interrupt sporting careers (Gabbe, Finch, 

Wajswelner, & Bennell, 2004). The sports medicine literature documents multiple 
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examples of postulated causative risk factors for injury, pain and disability. While 

intrinsic physical and extrinsic environmental factors are acknowledged as 

potentially injurious triggers, the role of individual musculoskeletal physical 

comfort may also be important to the sports injury paradigm.  

Fundamentally, comfort is a subjective response drawn from past experiences 

influenced by physical, mechanical, psychological and neurophysiological 

factors. The term can signify both a physical and mental phenomena (Kolcaba & 

Kolcaba, 1991). In the context of musculoskeletal pain-dysfunction, physical 

comfort is the relief from discomfort. Comfort as a measure is also difficult to 

standardise, because comfort cannot be directly measured (Slater, 1985) due to 

inter-individual variability in perceptions.  

Comfort concepts for musculoskeletal disorders and clinical practice are well 

documented (Kolcaba & Steiner, 2000), but it is proposed that physical comfort 

also has a role within sports medicine. It is postulated that an ecological 

association between physical comfort and football performance exists.  For 

example, if an individual experiences lower extremity discomfort, then comfort is 

impaired and physical activity will subsequently be compromised. Existing 

literature has attempted to highlight how comfort has beneficial outcomes in 

workplace environments such as military services (Mundermann, Stefanyshyn, & 

Nigg, 2001), manufacturing industries (Orlando & King, 2004), and nursing (Chiu 

& Wang, 2007).       
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Positive comfort effects have been postulated with footwear conditions that alter 

muscle function (Miller, Nigg, Liu, Stefanyshyn, & Nurse, 2000; Mundermann, 

Nigg, Humble, & Stefanyshyn, 2003b; Mundermann, Nigg, Stefanyshyn, & 

Humble, 2002), and physiological responses as well as reduce load forces (Che, 

Nigg, & De Koning, 1994; Hong, Lee, Chen, Pei, & Wu, 2005). It has been 

speculated that good posture promotes whole body comfort (Witana, 

Goonetilleke, Xiong, & Au, 2009), that comfort is affected by plantar foot 

pressure, foot sensitivity and foot-leg alignment (Che, et al., 1994; Nigg, Nurse, & 

Stefanyshyn, 1999) and is related to fatigue and performance (Nigg, 2001; Nigg, 

et al., 1999). These areas of research are also applicable to football, because the 

demands upon the musculoskeletal system are constantly challenged and in elite 

competition, individuals will not cope without appropriate physical conditioning 

(Junge, Dvorak, Chomiak, Peterson, & Graf-Baumann, 2000) which will affect 

comfort.  

2.3 METHODS 

The purpose of this systematic review of literature was to identify whether 

comfort as a concept has been utilised in professional sport generally and in the 

football codes more specifically. Because the terms comfort, discomfort and pain 

are interchangeably used to portray a state of physical wellbeing, the three terms 

were searched. 
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2.3.1  Data source  

The online data bases CINAHL, PsycINFO, Medline, SPORTDiscus, Cochrane, 

and Scopus were searched to retrieve all available publications related to lower 

extremity comfort or pain measures in professional football for the period January 

1990 to December 2010. All data bases were systematically searched using the 

same keywords and text words and where relevant, smart word searching was 

used when the data bases did not recognise the search words. Peer-reviewed 

journal publications with themes exploring any facet of self-rated comfort and 

pain measures associated with the lower extremity were extracted. The term 

lower limb was used interchangeably with lower extremity, lower leg and limb. 

The region included the anatomical areas of the feet, ankle, calf and / or Achilles, 

shin, knee and shoes and / or footwear, and / or football boots. Table 2.1 outlines 

the specific search terms that involved six search levels.  

Lower extremity comfort was interpreted in its broadest context and included 

public health–related publications concerning comfort and work place literature 

associated with the lower extremity. Primary exclusion criteria incorporated 

publications derived from the works contained within this thesis (Page VIII), non-

peer reviewed publications, topics more than 20 years old, case studies, 

paediatric, amputee, broad surgical and anaesthesia themes and non human 

information.  

Secondary exclusions (Table 2.1) involved (i) self-rated measures of comfort or 

pain which with closer scrutiny had surgical themes as the primary focus; (ii) 
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duplicate publications and non-relevant anatomical areas of the lower extremity 

such as the groin, hamstrings, buttock and hip. All remaining titles, keywords, 

and abstracts were scrutinized and further publications were excluded if 

considered irrelevant to football or physical activity. 

In addition to scrutinizing the content of publications deemed relevant, the 

references of each publication were reviewed in a manual search. If references 

were identified as potentially meeting search criteria, they were cross referenced 

against publications selected from the original search to ensure no relevant 

publications were missed. 

2.4 RESULTS 

A systematic review of literature resulted in no comfort studies associated with 

the lower extremity in football. The current studies derived from literature in the 

realms of professional sport overwhelmingly investigate injury risk, epidemiology, 

physiological parameters and psychological effects of football upon individuals, 

but these themes were outside the scope of our search strategy. 

2.4.1 General search   

Table 2.1 illustrates the results of the search strategy. We retrieved a total of 

2117 titles from CINAHL (N=382), PsycINFO (N=147), Medline (N=171), SPORT 

Discus (N=416), and Scopus (N=1001). The Cochrane database did not result in 

any meta-analyses previously examining the focus of the current review. The two 

primary themes; comfort and pain search topics applicable to the lower extremity 
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(Table 2.1, search 1 and 4), provided a total of N= 976 comfort themes, which 

was fewer than pain measurement publications (N=1141).  

2.4.2 Lower limb key word search and comfort in f ootball and 

physical activity  

Peer-reviewed journal publications with themes exploring any facet of self-rated 

comfort and pain measures associated with the lower extremity were extracted. 

The term lower limb was used interchangeably with lower extremity, lower leg 

and limb. The region included the anatomical areas feet, ankle, calf and / or 

Achilles, shin, knee and shoes and / or footwear, and / or football boots. The 

search terms were combined with descriptive words for physical comfort (Table 

2.1, search 1). In compliance with the aim of the review, the next level of 

searching included key words relating to the football codes relevant to the 

purpose of the study (Australian Football, Rugby League and Rugby Union). 

Although football (soccer) was not an area of research conducted in the thesis 

research, the code was used as part of the search strategy, because of its 

dominance as a global sport and the possibility that comfort related themes may 

be missed if not included. For the sake of completeness, American football 

(Gridiron) was also included but produced no relevant search results (Table 2.1, 

search 2). 

Given the nil result from the inclusion of the football codes, lower limb and 

physical comfort terms were combined with more generic terms for movement 

(exercise, sport, physical activity). However, again, results provided limited 
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numbers (N=12) of relevant publications (Table 2.1, search 3). Three additional 

publications were extracted by manually searching the references of the 

publications obtained using the database search. In total, 15 comfort publications 

were considered relevant. 

2.4.3 Lower limb key word search and pain in football and physical 

activity  

To include the potentially related literature, we again used the same searches on 

lower limbs, football codes and more generic movement terms to publications 

describing perceptions of pain (Table 2.1, search 4). After exclusion of non 

relevant themes, a total of 81 publications were related to lower extremity and 

expanded pain keywords (Table 2.1, search 5). A further 39 publications were 

excluded when the themes were applied to physical activity.  

2.4.4  Comfort and pain in football and physical a ctivity  

After removing duplicate publications, and publications not using self-rated 

measures for either comfort or pain, left 57 publications that related to the 

combined themes of comfort (15) and pain (42 publications), sport, or physical 

activity, and lower extremities. In seeking football relevant studies, all 15 of the 

comfort related publications were removed as they did not relate to football. A 

further 33 pain related publications were excluded for the same reason. This 

included a double blind trial involving pain in an elite group of Australia Football 

players because it did not meet the criteria set for anatomical sites in this review 

Huguenin, et al., (2005). A study of knee pain, which included football was also 
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excluded as the majority of participants had a mean age of <18years (Gerbino, et 

al., 2006). These exclusions resulted in nine remaining publications. However, 

none were inclusive of lower extremity comfort (Table 2.1, search 3 and 6).  

The final publications selected for discussion are detailed in Tables 2.2 and 2.3. 

Due to the absence of comfort in football research, the 15 publications 

associated with comfort and physical activity were used in the current review to 

highlight how aspects of comfort, previously examined in isolation, are indeed 

relevant to football (Table 2.2). Self-rated lower extremity pain was analysed in 

nine publications (Table 2.3).  

2.4.5  Pain-discomfort related publications  

Of the lower extremity pain related publications, the nine publications extracted 

involved 339 players from various football codes. All the studies were published 

in peer review journals between 2001 and 2009. The size of the studies ranged 

from 10 to 126 participants. The age of participants ranged from 18 to 42 years. 

Most (seven of nine) studies were conducted in Europe, all from countries in 

which football (soccer) is the national sport. Therefore, not surprisingly six of the 

European studies examined soccer alone. The remaining European study was 

from Germany and examined a variety of sports including the football codes 

soccer, American football and rugby. Two of the studies were from North 

America (Canada and United States) and also included soccer.  

Self reported pain measurement occurred in all nine studies. The most popular 

measure of pain was a Visual Analogue Scale (VAS). The design of the VAS 
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used in all the studies was similar. Seven of the studies used a 100-mm visual 

analogue scale (VAS), a scale frequently used in clinical medicine to record pain. 

The other two studies used variations of numerical rating scales for assessment. 

Specific to the VAS, no inter-study variation was observed on the labelling of the 

VAS. The left end of the scale was anchored with zero (“no pain”), the right-end 

anchored with ten (“severe pain”). However, variations occur in the interpretation 

of VAS by subjects. Therefore, comparisons cannot be made between the 

studies in relation to outcome results.  

Eight of the nine studies assessing pain were prospective in design. The other 

study was a descriptive study of knee pain associated with osteoarthritis in 

retired elite footballers, compared to a non sporting group. Four of the 

prospective studies were intervention designs. Two of three intervention studies 

investigated muscle soreness in soccer and futsal. Impellizzeri & Maffiuletti 

(2007) and Jönhagen, Ackermann, & Saartok (2009) compared forms of 

plyometric exercises on muscle pain in amateur soccer players, while different 

recovery strategies in futsal on muscle soreness were compared (Tessitore, et 

al., 2008). A variety of self-rating systems were used to measure muscle pain. 

The relevance of self-rated muscle pain in these studies for comfort is to 

determine the efficacy of treatment regimes. 

One pain-discomfort study compared a VAS and 7-point Likert scale to measure 

lower extremity muscle soreness (Impellizzeri & Maffiuletti, 2007). A conclusion 

from the data was a Likert scale was a reliable method for footballers to self-rate 
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lower extremity discomfort. Of the two studies that measured pain-discomfort 

with systems other than VAS, a Likert scale was also used in a later study by the 

same group (Impellizzeri, et al., 2008) to indicate how a self-rating system was 

useful determining muscle soreness associated with a football specific training 

drill. The other study extracted, used an 11-point numerical rating scale to 

measure muscle soreness (Tessitore, et al., 2008). 

2.4.6 Comfort related p ublications  

The publications relevant to lower extremity comfort determination by self-rating 

systems were confined to one decade. The range of publications extracted 

spanned the years 2001-2010 and were limited to 11 research groups. Six of the 

15 publications were extracted from two groups of researchers. Of the 15 

publications retrieved, 13 had footwear themes. The majority of studies had less 

than 30 participants, but two military studies had more than 100 participants. The 

age of participants ranged from 19 to 45 years and one study failed to record 

ages (Wegener, et al., 2008). North America dominated the comfort research 

(eight publications); with four being conducted by the one research group from 

the University of Calgary (Mündermann, Nigg, Neil Humble, & Stefanyshyn, 

2003a; Mundermann, et al., 2003b; Mundermann, et al., 2002; Mundermann, et 

al., 2001). The remaining research emanated from Australia (2), Europe (3) and 

United Kingdom (2). Unlike the pain studies, none of the comfort relevant 

publications extracted involved team sports and so field studies were confined to 

two military studies (Birrell & Haslam, 2009; Mundermann, et al., 2001) and a 
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large group (N=146) of amateur tennis players (Llana, Brizuela, Dura, & Garcia, 

2002). The tennis study was the only study extracted to investigate a specific 

sport, tennis.  

The majority of the studies investigated relationships between perceived comfort 

and footwear. These studies were not field relevant, but laboratory based (12 

publications). Running was the most common activity studied (11 publications), 

with four research areas involving the combined activities of running and walking. 

Orthotic devices of various styles were used in eight of the studies. Two 

publications involved comfort assessment of footwear conditions with various 

lacing techniques (Hagen & Hennig, 2009; Hagen, Homme, Umlauf, & Hennig, 

2010). The only study not to involve footwear was a musculoskeletal 

questionnaire of military personnel (Birrell & Haslam, 2009).The study was a 

retrospective observational military study assessing skeletal discomfort with a 

comfort questionnaire. The preferred method of measuring comfort was the use 

of a 100mm or 150mm visual analogue scale (nine studies) while a numerical 

rating-Likert scale was used in six studies. One study assessed footwear comfort 

using three self-rating scales and concluded the VAS to be the most reliable 

method (Mills, Blanch, & Vicenzino, 2010). This was in contrast to a self-rating 

lower extremity pain study (Impellizzeri & Maffiuletti, 2007) who preferred a Likert 

scale for relevance. The study by Kong & Bagdon (2010) used a direct question 

technique for participants to record shoe preferences. 
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Table 2.1  Search strategy and results.  

  
Search term s  CINAHL PsycINFO  Ovid 

MEDLINE 
SportDiscus  Scopus  

 

Search 1  

Lower limb exp or foot or ankle  

or shin or calf or Achilles or knee  

or footwear exp            

               AND 

Physical Comfort exp 

 

 

 

Total number of 

searched publications 

 

Articles excluded due 

to surgical theme  

 

Articles excluded due 

to  relevance and 

duplication 

 

Remainder of 

potentially relevant 

publications 

 

 

 
 

30 
 
 
 

20 

 

 
 
 

1 
 

 

 

 

9 

 

 

 
 

23 
 
 
 

13 

 
 
 
 

4 

 

 
 
 
6 

 
 
 
 

83 
 
 
 

43 

 
 
 
 

17 
 
 
 
 

23 

 
 
 
 

192 
 
 
 

136 

 
 
 
 

42 
 
 
 
 

14 

 
 
 
 

648 
 
 
 

441 
 

 
 
 

162 
 
 
 
 

45 
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Search terms   CINAHL PsycINFO  Ovid 

MEDLINE 
SportDiscus  Scopus  

Search 2  

 

Lower limb exp or foot or ankle  

or shin or calf or Achilles or knee  

or footwear exp            

               AND 

Physical Comfort exp 

AND 

Rugby exp or football exp or soccer  

or Australian rules  

 

Total number of 

searched publications 

 

Articles excluded due 

to surgical theme  

 

 
 

 

Articles excluded due 

to  relevance and 

duplication 

 

Remainder of 

potentially relevant 

publications 

 

ni l 

 

 

nil  

 

 

 

nil  

 

 

nil  

 

nil  

 

 

nil  

 

 

 

nil  

 

 

nil  

 

nil  

 

 

nil  

 

 

 

nil  

 

 

nil  

 

nil  

 

 

nil  

 

 

 

nil  

 

 

nil  

 

nil  

 

 

nil  

 

 

 

nil  

 

 

nil  
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Search terms   CINAHL PsycINFO  Ovid 

MEDLINE 
SportDiscus  Scopus  

Search 3  

 

Lower limb exp or foot or ankle  

or shin or calf or Achilles or knee  

or footwear exp            

               AND 

Physical Comfort exp 

AND 

Physical exercise or physical 
activity or sport 

 

 

Total number of 

searched publications 

 

Articles excluded due 

to surgical theme  

 

Articles excluded due 

to  relevance and 

duplication 

 

Remainder of 

potentially relevant 

publications 

 
 
 
 

7 
 
 
 
 

3 

 
 
 

2 
 
 
 
 

2 

 

 

 

 

11 
 
 
 
 
9 

 
 
 
1 
 
 
 
 
1 

 

 

 

 

30 
 

 
 
 

22 
 

 
 
8 
 
 
 
 

nil  

 
 
 
 

23 
 
 
 
 

14 

 

 

 
5 
 
 
 
 
4 
 

 
 
 
 

34 
 
 
 
 

19 
 

 
 

10 
 
 
 
 
5 
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Search terms   CINAHL PsycINFO  Ovid 

MEDLINE 
SportDiscus  Scopus  

Search 4  

Lower limb exp or foot or ankle  

or shin or calf or Achilles or knee  

or footwear exp            

               AND 

Pain measurement or pain scale 

or visual analogue scale                   

 

Total number of 

searched publications 

 
 

Articles excluded due 

to surgical theme  

 
 

 

Articles excluded due 

to  relevance and 

duplication 

 

 

Remainder of 

potentially relevant 

publications 

 
 

352 
 
 
 
 

200 
 
 
 
 

111 
 

 
 
 

41 

 
 

124 
 
 
 
 

108 
 
 
 
 
5 
 

 
 
 

11 

 

 
88 
 
 

 
 

63 
 
 
 
 

18 
 

 
 
 
7 
 

 

 
224 

 
 
 
 

117 
 
 
 
 

89 
 

 
 
 

18 

 
 

353 
 
 

 
 

327 
 
 
 
 

20 
 

 
 
 
6 
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Search terms   CINAHL PsycINFO  Ovid 

MEDLINE 
SportDiscus  Scopus  

Search 5  

 

Lower limb exp or foot or ankle  

or shin or calf or Achilles or knee  

or footwear exp                    

               AND 

Pain measurement exp or pain 
scale exp or visual analogue scale 

exp         

               AND 

Physical exercise or physical 
activity or sport 

 

 

Total number of 

searched publications 

 

Articles excluded due 

to surgical theme  

 

Articles excluded due 

to  relevance and 

duplication 

 

Remainder of 

potentially relevant 

publications 

 
 
 
 

37 
 
 
 
 

18 
 

 
 

7 
 

 

 
 

12 
 

 

 

 
 

37 
 
 
 
 

22 

 

 
 
8 

 
 
 
 
7 

 

 

 
 

96 
 
 
 
 

56 
 

 

 
23 
 
 
 
 

17 

 

 

 
 
8 
 
 
 
 
4 
 

 
 
1 
 
 
 
 
3 
 

 

 

 
 

33 
 
 
 
 

25 
 

 
 
5 
 
 
 
 
3 
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Search terms   CINAHL PsycINFO  Ovid 
MEDLINE 

SportDiscus  Scopus  

Search 6  

 

Lower limb exp or foot or ankle  

or shin or calf or Achilles or knee  

or footwear exp            

               AND 

Pain measurement or pain scale 

or visual analogue scale         

               AND 

Rugby exp or football exp or soccer  

or Australian rules 

 

 

Total number of 

searched publications 

 

Articles excluded due 

to surgical theme  

 

 

Articles excluded due 

to  relevance and 

duplication 

 

Remainder of 

potentially relevant 

publications 

 
 
 
 

5 
 
 
 

1 
 

 
 
 
 

1 
 

 
 
 
 

3 

 

 

 
 
7 
 
 
 
3 
 

 
 
 
 
4 
 

 
 
 
 

nil  

 

 

 
 

14 
 
 

 
7 
 

 
 
 
 
4 
 

 
 
 
 
3 

 

 

 
 
5 
 
 
 
1 
 

 
 
 
 
1 
 

 

 

 
 
3 
 

 

 

 
 

nil  
 
 
 

nil  
 

 
 
 
 

nil  
 

 
 
 
 

nil  
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Table 2.2 Football pain studies using self-rated pain measures.  
Name of published study  Author and 

year  

Origin of 

research  

Participants 

(N) 

Gender  

Age 

years 

(SD) 

Code of 

football  

Anatomical 

site  

Pain 

measure  

 

1. Convergent evidence for 

construct validity of a 7-

point Likert scale of lower 

limb muscle soreness. 

 

Impellizzeri & 

Maffiuletti 

(2007) 

 

Switzerland 

 

 

 

N= 26 

Gender not 

stated 

 

25 (4) 

 

Soccer 

amateur 

 

Lower extremity 

muscle 

soreness 

Comparison 

between 

100mm VAS 

and 7-point 

Likert scale 

Experimental design:  Field setting. Prospective collection of data, 28 occasions using a self administered questionnaire over four weeks. 

Outcome measure*:  Perceived lower extremity muscle soreness using two pain scale methods indicating construct validity for Likert scale. 

Relevance:  Subjective pain ratings have relevance to football for the determination of lower extremity muscle pain. 

 

2. Knee osteoarthritis in 50 

former top-level 

footballers: A comparative 

(control group) study 

 

 

Elleuch, et al., 

(2008) 

 

 

 

France 

 

N= 50 

Male 

 

49 (4) 

 

Soccer elite 

 and non 

sport 

participants 

 

Knee 

 

VAS 100mm 
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Name of published 

study  

Author and  

year  

Origin of 

research  

Participants 

(N) 

Gender  

Age  

years 

(SD) 

Code of 

football  

Anatomical 

site  

Pain 

measure  

Experimental design:  Field setting. Retrospective, descriptive study over a two year period. Two groups (retired elite footballers and control 

group). 

Outcome measure*: Knee pain.  

Relevance: Perceived discomfort-pain measures can be used in elite football. 

 

3. Eccentric rehabilitation 

exercise increases 

peritendinous type I 

collagen synthesis in 

humans with Achilles 

tendinosis 

 

Langberg, et 

al., (2007) 

 

 

Denmark 

 

N= 12 

Male 

 

26 (1) 

 

Soccer elite 

 

Achilles 

 

VAS 100mm 

Experimental design:  Laboratory setting. Prospective measure of Achilles loading pain between two groups over a 12 week period. 

Outcome measure*:  Achilles tendon pain before and after intervention. The injured tendon group improved pain scores. No change to 

healthy controls. 

Relevance:  Subjective pain rating scales used in elite soccer to measure improvement of Achilles pain (from discomfort to comfort). Thus 

measures of discomfort or comfort might be a useful measure of return to play following injury. 
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Name of published 

study  

Author and  

year  

Origin of 

research  

Participants 

(N) 

Gender  

Age  

years 

(SD) 

Code of 

football  

Anatomical 

site  

Pain 

measure  

 

4. Forward lunge: a training 

study of eccentric 

exercises of the lower 

limbs 

 

Jönhagen, et 

al., (2009)  

 

Sweden 

 

N= 32 

Male 

 

18 (na) 

 

Soccer 

amateur 

 

Lower extremity 

muscle 

soreness 

 

VAS 100mm 

Experimental design:  Laboratory setting. Prospective randomised 6 week study. Three groups inclusive of a control and two groups who 

performed a plyometric exercise drill. 

Outcome measure*:  Muscle pain following specific exercise drill using a subjective pain scale. 

Relevance:  Subjective ratings are clinically useful in football as a measure of correlation data between specific muscle training, soreness 

and performance indicators. 

 

5. Effectiveness of active 

versus passive recovery 

strategies after futsal 

games 

 

Tessitore, et 

al., (2008) 

 

 

 

Italy 

 

N= 10 

Male 

 

23  (2) 

 

Soccer 

semi-elite 

futsal 

 

Lower extremity 

muscle 

soreness 

 

11-point 

numerical 

rating scale 
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Name of published 

study  

Author and  

year  

Origin of 

research  

Participants 

(N) 

Gender  

Age  

years 

(SD) 

Code of 

football  

Anatomical 

site  

Pain 

measure  

Experimental design:  Field & Laboratory setting. Prospective randomised cross-over study with allocation of participants to one of four 

groups. 

Outcome measure*:  Muscle pain ratings following different post-game recovery strategies. 

Relevance: Subjective rating systems within football show versatility in measurement for different recovery strategies. 

 

6. The relationship between 

self-reported and clinical 

measures and the 

number of days to return 

to sport following acute 

lateral ankle sprains 

 

Cross, Worrell, 

Leslie, & Van 

Veld (2002) 

 

USA 

 

N= 20 

Male & 

Female 

 

19 (1) 

 

Variety of 

sports 

including 

soccer 

 

Ankle 

 

VAS 100mm 

Experimental design:  Field setting. Prospective observational study. 

Outcome measure*:  Return to sport using a combination of subjective assessment and functional tests. 

Relevance:  Self-reported measures can be used as a method to assist with return to play predictions.  
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Name of published 

study  

Author and  

year  

Origin of 

research  

Participants 

(N) 

Gender  

Age  

years 

(SD) 

Code of 

football  

Anatomical 

site  

Pain 

measure  

 

7. Effect of plyometric 

training on sand versus 

grass on muscle 

soreness and jumping 

and sprint ability in soccer 

players 

 

Impellizzeri, et 

al., (2008) 

 

Italy 

 

 

N= 37 

Male 

 

25 (4) 

 

Soccer 

amateur 

 

Lower extremity 

muscle 

soreness 

 

7-point Likert 

scale 

Experimental design:  Field setting. Parallel two group, randomised four week study. 

Outcome measure*:  Changes in muscle soreness between the two groups. 

Relevance:  Muscle soreness derived from different training regimes can be measured by self-rating systems which will assist the 

development of individualised prehabilitation and training programs. 
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Name of published 

study  

Author and  

year  

Origin of 

research  

Participants 

(N) 

Gender  

Age  

years 

(SD) 

Code of 

football  

Anatomical 

site  

Pain 

measure  

 

8. A randomised clinical trial 

of the efficacy of drop 

squats or leg extension / 

leg curl exercises to treat 

clinically diagnosed 

jumper’s knee in athletes: 

pilot study 

 

Cannell, 

Taunton, 

Clement, 

Smith, & Khan 

(2001)  

 

Canada 

 

N= 19 

Male & 

Female 

 

26 (na) 

 

Variety of 

sport 

including  

soccer 

and 

American 

football 

 

Knee 

 

VAS 100mm 

Experimental design:  Clinical setting. Prospective, randomised controlled intervention study, twelve weeks.  

Outcome measure*: Leg pain. 

Relevance: Limb affected by pain can be measured using a comfort scale which will assist with decision management of the athlete. 
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Name of published 

study  

Author and  

year  

Origin of 

research  

Participants 

(N) 

Gender  

Age  

years 

(SD) 

Code of 

football  

Anatomical 

site  

Pain 

measure  

 

9. Efficacy and tolerability of 

Escin/Diethylamine 

salicylate combination 

gels in patients with blunt 

injuries of the extremities 

 

 

Pabst, 

Segesser, 

Bulitta, Wetzel, 

& Bertram 

(2001) 

 

 

Germany 

 

N= 126 

Male & 

Female 

 

28 (9) 

 

Variety of 

sports 

including 

American 

football, 

soccer, 

rugby 

 

Lower extremity 

 

VAS 100mm 

Experimental design:  Clinical setting. Prospective randomised controlled double-blind study. Four parallel treatment groups. 

Outcome measure*: Pain. 

Relevance: VAS scales used to measure injuries associated with football. 

-- Outcome measure* The study may have included other outcomes measures not relevant to a self-rated descriptions. 

-- na = not available. 

-- Age* Where age not stated in years, range given.  
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Table 2.3   Comfort studies of physical exercise using self-rated systems  

Name of Publi shed Study  Author and  

Year  

 

Origin of 

Research 

Participants 

(N) 

Gender  

Age 

 Years 

(SD) 

Code of 

Football  

Anatomical 

Site 

Comfort

Measure  

  

 

1. Effect of cushioned 

insoles on impact forces 

during running 

 

O'Leary, 

Vorpahl, & 

Heiderscheit 

(2008) 

 

USA 

 

N= 16 

Male & 

Female 

 

Range: 

20-36 

 

Recreational 

running 

Lower extremity 

/ footwear 

(cushioned 

insoles) 

 

VAS 

100mm 

  

Experimental design:  Laboratory setting.  Prospective observational randomised intervention trial. Two groups, two conditions (insert & no 

insert), five running trials, same comfort measures.  

Outcome measure:  Perceived footwear comfort with two insole conditions. 

Relevance t o football:  Comfort identified as a useful method for the determination of the perceived effectiveness relative to comfort. 

 

2. Effects of different shoe-

lacing patterns on dorsal 

pressure distribution 

during running and 

perceived comfort 

 

Hagen, et al., 

(2010) 

 

 

Germany 

 

N= 14 

Male 

 

24 (5) 

 

Running 

 

Foot / footwear 

 

7-point Likert 

scale 
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Name of Published Study  Author and  

Year  

 

Origin of 

Research 

Participants 

(N) 

Gender  

Age 

 Years 

(SD) 

Code of 

Football  

Anatomical 

Site 

Comfort

Measure  

  

 

Experimental design:  Laboratory setting. Prospective observational intervention trial. One group, four conditions, five trials per condition, 

same comfort measures. 

Outcome measure:  Perceptions of shoe comfort and stability with different lacing conditions. 

Relevance to football:  Comfort assessment of footwear conditions with various lacing techniques. 

 

3. Orthotic comfort is 

related to kinematics, 

kinetics and EMG in 

recreational runners 

 

 

Mundermann, 

et al., (2003b) 

 

 

Canada 

 

N= 21 

Male & 

Female 

 

25 (6) 

 

Recreational 

runners 

 

Footwear / 

orthotics 

(Custom 

orthotics) 

 

VAS 150 mm 

 

 

Experimental design:  Laboratory setting. Prospective randomised observational intervention trial. Four orthotic conditions (1 control and 3 

prescription orthotics); 108 running trials per subject. 

Outcome measure:  Comfort assessment of footwear conditions using prescription orthotics. 

Relevance to football:  Footwear comfort is enhanced with orthotics, but is an individual phenomenon. Given the running demands 

associated with football, footwear is an important factor. Footwear selection may be modified based upon quantitative data.  
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Name of Published Study  Author and  

Year  

 

Origin of 

Research 

Participants 

(N) 

Gender  

Age 

 Years 

(SD) 

Code of 

Football  

Anatomical 

Site 

Comfort  

Measure  

  

 

4. Relationship between 

footwear comfort of shoe 

inserts & anthropometric 

and sensory factors 

 

Mundermann,

et al., (2001) 

 

 

Canada 

 

N= 206 

Male & 

Female 

 

29   (7) 

 

Military 

 

Footwear / 

orthotics 

Lower extremity 

injury 

 

VAS 100 mm 

Experimental design:  Field setting. Prospective intervention trial conducted over 4 months. Two groups; Insert group (six insert conditions), 

control group (nil insert).  

Outcome measure:  Perceived comfort of footwear using one of six insole conditions.  

Relevance to football : Comfort and injury outcomes are associated with footwear conditions. Individuals are capable of determining different 

comfort situations associated with footwear conditions. 

 

5. Development of a 

reliable method to 

assess footwear comfort 

during running 

 

 

Mundermann, 

et al., (2002) 

 

 

Canada 

 

N= 9 

Male & 

Female 

 

27   (5) 

 

Recreational 

runners 

 

Footwear 

(inserts) 

 

VAS 150 mm 
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Name of Published Study  Author and  

Year  

 

Origin of 

Research 

Participants 

(N) 

Gender  

Age 

 Years 

(SD) 

Code of 

Football  

Anatomical 

Site 

Comfort

Measure  

  

Experimental design:  Laboratory setting. Prospective randomised observational intervention study. One group 4 orthotic conditions, 

repeated measures x10.  

Outcome measure: Reliability of a VAS footwear comfort scale. 

Relevance to football:  Comfort assessment of footwear provides reliable results. 

 

6. Consistent immediate 

effects of foot orthoses 

on comfort and lower 

extremity kinematics, 

kinetics and muscle 

activity 

 

Mundermann, 

Nigg, Humble, 

& Stefanyshyn 

(2004) 

 

 

Canada 

 

N= 21 

Male & 

Female 

 

25 (6) 

 

Recreational 

runners 

 

Footwear / 

orthotics 

(Custom 

orthotics) 

 

VAS 100mm 

Experimental design:  Laboratory setting. Observational intervention trial One group. Four orthotic conditions (1 control and 3 prescription 

orthotics); Repeated measures (9 sessions x12 trials per subject). 

Outcome measure:  Insert-footwear comfort using a VAS. 

Relevance to football:  Perceived comfort can be altered by footwear conditions such as the use of prescription orthotic inserts. Thus the 

use of comfort to measure individual comfort might provide more relevant footwear-orthotic prescription guidelines.  
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Name of Published Study  Author and  

Year  

 

Origin of 

Research 

Participants 

(N) 

Gender  

Age 

 Years 

(SD) 

Code of 

Football  

Anatomical 

Site 

Comfort

Measure  

  

 

7. A comparison of semi-

custom and custom foot 

orthotic devices in high- 

and low-arched 

individuals during walking 

 

Zifchock & 

Davis (2008)  

 

USA 

 

N= 37 

Male & 

Female 

 

24   (6) 

 

Walking 

 

Footwear / foot 

 

 

7-point Likert 

scale 

Experimental design:  Laboratory setting.  Prospective observational randomised intervention trial One group, 3 orthotic conditions, repeated 

measures (2 orthotics; 1 control, x5 trials). 

Outcome measure:  Orthotic effects on comfort.   

Relevance to football:  Perceived comfort used to measure therapeutic interventions.  

 

8. Effect of neutral-    

cushioned shoes on 

plantar pressure loading 

and comfort in athletes 

with cavus feet: a 

crossover randomized 

controlled trial 

 

Wegener, et 

al., (2008) 

 

 

Australia 

 

N= 22 

Male & 

Female 

 

na 

 

Running 

 

Footwear 

 

 

VAS 150 mm 
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Name of Published Study  Author and  

Year  

 

Origin of 

Research 

Participants 

(N) 

Gender  

Age 

 Years 

(SD) 

Code of 

Football  

Anatomical 

Site 

Comfort  

Measure  

  

Experimental design:  Laboratory setting. Prospective cross-over randomised intervention trial. One group, 3 shoe conditions (2 cushioned 

running shoes; 1 control shoe).  

Outcome measure:  Footwear comfort measured by a VAS. 

Relevance to football:  Comfort used to measure footwear preferences & offers clinical guidelines for shoe selection relative to foot pain. 

 

9. Do you get value for 

money when you buy an 

expensive pair of 

running shoes? 

 

 

Clinghan, 

Arnold, Drew, 

Cochrane, & 

Abboud, 

(2008) 

 

United 

Kingdom 

 

N= 43 

Male 

 

29  (9) 

 

Walking and 

running 

 

Footwear 

 

 

VAS 100 mm 

Experimental  design:  Laboratory setting. Prospective observational randomised intervention trial. One group, 10 shoe conditions (9 running 

shoes; 1 control barefoot).  

Outcome measure:  Loading forces while walking & running in three different shoes Comfort measures of walking & running in different 

shoes  

Relevance to football:  Comfort can be utilized to measure perceived differences in footwear styles associated with cost and footwear 

preferences. A cost-benefit analysis of footwear comfort may be beneficial to amateur footballers who do not have footwear sponsorship 

arrangements. 
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Name of Published Study  Author and  

Year  

 

Origin of 

Research 

Participants 

(N) 

Gender  

Age 

 Years 

(SD) 

Code of 

Football  

Anatomical 

Site 

Comfort  

Measure  

  

 

10. Identifying clinically 

meaningful tools for 

measuring comfort 

perception of footwear 

 

Mills, et al., 

(2010) 

 

 

Australia 

 

 

N= 20 

Male & 

Female 

 

24 (3) 

 

Treadmill 

walking and 

running 

 

Footwear /inserts 

(commercially 

available inserts) 

 

VAS 100mm & 

7-point 

Likertscale 

Experimental design:  Laboratory design. Prospective randomised observational 2 groups, 5 conditions (4 generic orthotics; 1 no insert). 

Repeated measures with two comfort measure scales (5 sessions x 4 trials of walking and 4 trials running).  

Outcome measure:  Footwear comfort using two self-rating scales.   

Relevance to football:  Varying comfort scales are capable of assessing footwear conditions. 

 

11. Subjective skeletal 

discomfort measured 

using a comfort 

questionnaire following 

a load carriage 

exercise 

 

Birrell & 

Haslam, 

(2009) 

 

United 

Kingdom 

 

N= 127 

Male & 

Female 

 

21  (2) 

 

Military 

 

Lower extremity 

including hip and 

back 

 

5-point 

numerical 

rating scale 
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Name of Published Study  Author and  

Year  

 

Origin of 

Research 

Participants 

(N) 

Gender  

Age 

 Years 

(SD) 

Code of 

Football  

Anatomical 

Site 

Comfort  

Measure  

  

Experimental design:  Field setting. Retrospective observational study of discomfort following exercise (one data collection period). 

Outcome measure:  Skeletal discomfort derived from a comfort questionnaire.  

Relevance to football:  The implementation of comfort rating scales in large groups is viable and easily implemented, and transferrable to a 

football cohort. 

 

12. Effects of different 

shoe-lacing patterns on 

the biomechanics of 

running shoes 

 

Hagen & 

Hennig (2009)  

 

Germany 

 

N= 20 

Male & 

Female 

 

32  (10) 

 

Running 

 

Footwear 

 

 

7-point Likert 

 

Experimental design:  Laboratory setting. Prospective randomised observational intervention trial.  Six footwear conditions altered by 

different lacing conditions. 

Outcome measure:  Comfort assessment of footwear conditions with various lacing techniques.  

Relevance:  Comfort measures between individuals are different and dependent upon the footwear condition such as footwear fit-closure. 
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Name of Published Study  Author and  

Year  

 

Origin of 

Research 

Participants 

(N) 

Gender  

Age 

 Years 

(SD) 

Code of 

Football  

Anatomical 

Site 

Comfort  

Measure  

  

 

13. Shoe preference based 

on subjective comfort 

for walking and running 

 

 

Kong & 

Bagdon (2010)  

 

USA 

 

N= 41 

Male & Female 

 

27  (9) 

 

Running & 

walking 

 

Footwear 

 

Statement of 

shoe 

preference 

by 

participants 

Experimental design:  Laboratory setting. Retrospective descriptive study using qualitative measures. Three footwear conditions, repeated 

measures x20 trials walking and running. 

Outcome measure:  Footwear comfort measures. 

Relevance to football:  Shoe preference varies among individuals and activity. Therefore, footwear comfort measures in football of 

individuals might be of benefit in assisting footwear selection.  

 

14. A comparison of 

rearfoot motion control 

and comfort between 

semicustom foot 

orthotic devices 

 

Davis, 

Zifchock, & 

DeLeo (2008) 

 

USA 

 

N= 19 

na 

 

Range:

19-45 

 

Running & 

walking 

 

Orthotics-

footwear 

 

VAS 
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Name of Published Study  Author and  

Year  

 

Origin of 

Research 

Participants 

(N) 

Gender  

Age 

 Years 

(SD) 

Code of 

Football  

Anatomical 

Site 

Comfort  

Measure  

  

Experimental design:  Laboratory setting. Randomised prospective trials. Three conditions (no orthotic, semi-custom and custom) x 5 

running and x 5 walking trials. 

Outcome measure:  Differences in orthotic comfort between custom and semi-custom orthotics. 

Relevance to football:  Comfort measures are relevant to the assessment of therapies such as orthotics conditions which might be of 

assistance to both footballers and medical staff in determining strategies to improve the preparation of footballers. 

 

15. A study of the 

discomfort associated 

with tennis shoes 

 

Llana, et al., 

(2002) 

 

Spain 

 

N= 146 

Male & Female 

 

26  (8) 

 

Tennis 

 

Footwear 

 

 

7-point Likert 

 

Experimental design:  Field Setting. Retrospective measure of comfort using interviews x1 occasion. 

Outcome measure:  Perceived comfort of tennis shoes. 

Relevance to football:  Measures of comfort can be implemented across a variety of sports. 

-- Outcome measure* The study may have included other outcomes measures not relevant to a self-rated descriptions. 

-- na = not available. 

-- Age* Where age not stated in years, range given. 
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2.5  DISCUSSION 

The systematic review of literature resulted in no lower extremity comfort studies in 

football. A probable reason for the paucity of well designed prospective field studies in 

professional sport is that research in the domain of elite sport is difficult to conduct. 

Professional sport by its nature is demanding of players, medical, conditioning and 

coaching staff. The intrusion of large research projects into football organisations is 

difficult to manage for reasons ranging from player compliance reasons, to 

confidentiality of potentially sensitive information pertaining to individual players and to 

the football organisation. Furthermore, studies need to be conducted over multiple 

weeks, where conditions do not remain stable, players may not be available to test and 

difficulties arise in maintaining participant motivation. 

2.5.1  Lower extremity pain -discomfort s tudi es in f ootball  

A common theme to emerge from the pain-related publications was the widespread use 

of self-rating systems. A number of different self-rating systems were used. 

Researchers obviously gravitate to a particular system for many reasons, but it was not 

a conclusion drawn from this search that any system was less effective than another. 

For pain themes, nine studies specific to self-rated measures of lower extremity pain 

themes in football were extracted. Only one publication involved professional football 

(Elleuch, et al., 2008) and one study elite Futsal (Langberg, et al., 2007). Seven studies 

were associated with amateur footballers (Table 2.2). This result reinforces the notion of 

the difficulty of conducting research in professional football.  
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The epidemiology of football injuries related to the lower extremity is well documented. 

Eight years of lower limb injury data extracted from the Australian Football League 

Injury Surveillance project describes the prevalence of injury to the knee, shin, calf-

Achilles, ankle and foot in Australian Rules Football (Orchard & Seward, 2008). 

However, the current review revealed only some of these anatomical areas was 

addressed in football. Studies of self-rated pain involving football were not available for 

the foot and shin. The most common anatomical site researched was muscle soreness 

(five), followed by the knee (two studies). The ankle and Achilles were examined in one 

study. Footwear is another area of the search strategy not resulting in any studies 

specific to pain or discomfort in football. The inclusion of footwear as an anatomical 

segment was considered viable as football boots are common to all football codes and it 

is speculated that footwear plays a role in injury and comfort (Lake, 2000). Common 

footwear factors previously addressed include traction (Milburn & Barry, 1998) ground 

surfaces (Orchard, 2002) and boot design (Grund & Senner, 2006).  

2.5.2  Lower extremity comfort and relevance to football  

The comfort paradigm using self-rating measures permeates areas of biomechanics, 

footwear, military, and clinical medicine, but results of the current review indicate 

comfort is infrequently used in evaluation of sports injury. The lack of comfort research 

into football is surprising because differences in comfort as small as 10% may have 

clinical relevance (Davis, et al., 2008). Therefore, comfort measures may have a role in 

determining optimal conditions for individuals.  
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Comfort as a paradigm in medicine and nursing has been well established for many 

years, but the use of comfort relevant to sports medicine and biomechanics is a 

relatively new concept. The systematic review covered 20 years (1990-2010), but the 

comfort publications extracted were confined to the years 2001-2010. The narrow range 

of comfort research years confirms the infancy of comfort paradigms within sports 

medicine and that the concept has not been explored within the football codes.  

Furthermore, only a small number of researchers have assessed comfort and physical 

activity. Six of the 15 publications extracted were from two groups of researchers. The 

series of studies by Mundermann et al. (2001-2004), were instrumental in the 

development of footwear comfort assessment as a measure of injury in physical activity. 

Our extraction of comfort relevant research to the lower extremity identified that running 

and footwear comfort were most common. Of the 15 publications retrieved, 13 had 

footwear themes. While these studies were not football specific, the publications show 

footwear-comfort effects. An area of research not found within the literature was the 

effect of football boots on lower extremity comfort. Running and footwear comfort 

themes have high relevance to football and lower extremity comfort, because running 

imposes a high impact and is germane to all football codes. Distances covered by 

individuals in the various codes have recorded footballers running upward of 13 

kilometres (km) in Australian Rules (Gray & Jenkins, 2010), 7 km in the rugby codes 

(Cunniffe, Proctor, Baker, & Davies, 2009), and 12 km in football-soccer (Rampinini, 

Coutts, Castagna, Sassi, & Impellizzeri, 2007).  

Previous research indicates repetitive loading of the lower extremity range from 1.5 to 5 

times body weight (Cavanagh & Lafortune, 1980; Hreljac, Marshall, & Hume, 2000), 



 

49 

 

resulting in microtrauma. Repetition of these running stressors is associated with 

musculoskeletal injury (Lake & Lafortune, 1998; O'Leary, et al., 2008). Therefore, 

cushioning properties of shoes and insoles might be important to football, but only one 

study to date has used laboratory settings to examine this perspective of footwear 

(Wegener, et al., 2008).  

While, the field testing of load forces is difficult to study, the use of comfort ratings to 

football boots will provide information about perceived comfort between styles of football 

boots and may extend to different environmental conditions. Past research speculated 

climate changes were associated with lower extremity injury in AFL (Orchard & Seward, 

2002). Therefore, any conclusions about climate and ground surfaces being risks for 

injury should also include footwear. Chapters 6 and 7 detail prospective studies of 

football that footwear comfort is an important criteria for injury outcomes. 

These studies strengthen the rationale for future research into the role of comfort and 

football boots, an area which was not identified from the systematic review. Football 

boots are used in all forms of elite and amateur football codes and as such are an 

integral component of fundamental equipment.  

The most popular method used to assess comfort was a VAS 100mm version. The 

construction of the VAS and other scales from the studies extracted were similar to pain 

scale descriptions. Like pain scales, in which increasing scores represent increased 

pain, comfort measures can adopt the same principles. In the studies extracted, the 

VAS was anchored at the left with “poor comfort” and the right with terms such as “most 

comfortable”. Similarly, the Likert scales used low numbers to delineate poor comfort 
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and high numbers good comfort in all but one study (Birrell & Haslam, 2009) where low 

numbers represented “comfortable” and higher numbers indicated a progression toward 

discomfort.  It would appear from the interpretation of the studies, that the type of self-

rating scale used does not effect the overall interpretation by individuals and thus does 

not distort results.  

The literature remains unclear about the preferred method for assessing comfort. 

However, two previous studies addressing comfort (Mills, et al., 2010; Mundermann, et 

al., 2002), advocate VAS as a more reliable method than Likert in the measurement of 

footwear comfort. Despite these preferences it is likely that reliability of various self-

rating measures is dependent upon study design, interpretation of the scale and 

motivation of respondents (Mills, et al., 2010). Therefore, it is likely that success or 

failure to obtain meaningful data is dependent upon how the self-rating scales are 

contextualised and delivered within the study design. 

2.5.3  Limitations of s tudy  

The search was limited to the five accessible electronic databases that included the 

most common journals. The search strategy classified publications based on the 

themes specific to lower extremity comfort. Because of the paucity of comfort as a 

theme within the sports medicine literature we included the term pain, but publications 

may have been missed due to the vast array of pain and injury terms which are 

commonly used in the sports medicine literature. However, the trends observed were so 

large that any potential misclassification is highly unlikely to affect the overall 

interpretation. 
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2.5.4  Future directions  

The dominance of footwear as the theme in comfort studies highlights the infancy of 

comfort as a theme applicable to the musculoskeletal system and sport-physical activity 

generally. The nil response for comfort themes and football represents a gap in the 

research literature and provides scope for much needed investigation. Additionally, the 

majority of studies were laboratory based. Given the controlled environment the studies 

were generally conducted, the relevance of data to field environments should be 

considered, providing scope for relevant field studies. 

Measures of pain and discomfort within clinical medicine and sport have been 

extensively used by clinicians and researchers as a method to evaluate techniques 

aiming to improve the prevention and management of musculoskeletal dysfunction. 

However, measurement of pain and discomfort can be considered a reactive response. 

An alternate approach is a measure of musculoskeletal well-being that occurs prior to 

injury or pain. This concept can be considered a measure of physical comfort, the 

opposite of pain.  

Therefore, a theme of this thesis is a concept that requires a paradigm shift in the 

application of self-rating scales. Instead of investigating the outcome effect of an 

intervention (e.g. Achilles eccentric loading programs, the use of orthotics on foot-leg 

pain, the efficacy of knee taping on injured knees), a measure of real-time (current) 

musculoskeletal well-being provides a point in-time for describing an individual comfort 

relative to other times of measurement. Once a baseline of comfort can be established 

for an individual, future comfort perceptions can be benchmarked against a known 
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quantity. No studies have proposed or investigated a measure of lower limb comfort 

which is applicable to the football codes. 

2.6  CONCLUSIONS 

Research in the area of lower extremity comfort is under represented and is a concept 

not previously investigated within professional football. Pain is a theme more commonly 

cited in football injury literature. This systematic review of the literature provides impetus 

for future football specific research which might contribute to the development of a lower 

extremity comfort paradigm specific to the football codes.  

The results provide strong evidence that comfort theories currently established in other 

clinical settings might have relevance to football. Indeed, the fields in which comfort 

concepts exist, involve physical activity (running) and equipment (footwear), which are 

both fundamental to football. The use of comfort in running based activities provides 

impetus to investigate the relevance of comfort concepts within all football codes and 

might represent one of the greatest opportunities to establish another level of theory 

and practice to sports injury detection and management. 
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CHAPTER THREE 

DEVELOPMENT OF A NOVEL RATING SYSTEM TO ASSESS LOWER 

EXTREMITY COMFORT 

 

This chapter is supported by the publication: 

Kinchington, M., Ball, K., Naughton, G. (2011, September-October; in press). 

Development of a novel rating system to assess lower limb comfort. Journal 

American Podiatric Medical Association. 

 

3.1 ABSTRACT 

Background:  Comfort evaluation techniques are common place in medicine. However, 

measures of lower extremity comfort are infrequently used in the sporting environment.  

Objectives:  Develop an instrument to measure lower extremity comfort in a cohort of 

professional footballers that will extend previous work in the field of injury awareness. 

Methods : Professional footballers (N=40) from three codes of football played in 

Australia participated in the development of a Lower Limb Comfort Index (LLCI). The 

study comprised three stages. A critical appraisal of the literature established the need 

for a LLCI. The second stage involved 20 professional footballers establishing and 

testing the components of the comfort index as an instrument to measure comfort. 

Stage three consisted of footballers (N=20) pilot testing the reliability of the LLCI in a 

controlled environment. 
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Results: A paucity of relevant literature established a theoretical basis for the 

development of the LLCI. Non parametric statistics (McNemars test) in stage two 

indicated the LLCI demonstrated good responsiveness to suitability (P=0.019) and ease 

of use (P<0.01). Following a high level of agreement for responses, the third stage 

examined repeated measures of difference between two time periods for both sum 

comfort (ICC 0.99) and individual anatomical segments (Kappa range 0.72-1.0). The 

results provided confidence the comfort index was reliable.  

Conclusions:  The LLCI showed good trait construct to conduct a future study to 

investigate inter-rater consistency in a wider cohort of professional footballers under 

different conditions such as Match-day and training week environments. 

3.2 INTRODUCTION 

Comfort as a concept to measure wellbeing and intervention outcomes within medicine 

is increasingly utilised as a method of measuring pain or discomfort (Kolcaba & Steiner, 

2000). Assessment of pain reduces to a very simple endpoint; an individual’s perception 

of comfort (Dillard & Knapp, 2005). Comfort is the opposite of pain (discomfort) due to 

the interactive play of nociceptive stimulation and the cerebral cortex. Thus, the lack of 

pain stimuli via the neural networks of the body can be termed comfort (Karoly, Jensen, 

& Goldstein, 1987). 

Comfort is a holistic state, transversing aspects of wellbeing that are physical, psycho-

spiritual, social, and environmental (Kolcaba & Fisher, 1996). Perception of comfort is 

drawn from simultaneous and interrelated human experiences gathered over a period of 

time (Kolcaba, 1992). It is a real phenomenon drawn from human experience which is of 
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no value to another individual. However, the concept of comfort lacks consensus within 

the literature and is difficult to define and to quantify (Hanspal, Fisher, & Nieveen, 2003; 

Mundermann, et al., 2002; Slater, 1985). 

From a physical perspective, comfort affects common locomotor tasks such as walking 

and running (Miller, et al., 2000; Mundermann, et al., 2003b), and is correlated with 

skeletal alignment (Miller, et al., 2000). It is speculated that comfort is associated with 

fatigue and performance (Nigg, 2001; Nigg, et al., 1999) and can be influenced by 

footwear (McPoil, 2000; Nigg & Segesser, 1992). Anatomical regions inclusive of the 

foot, ankle and knee and footwear are commonly researched in areas inclusive of public 

health medicine, epidemiology, biomechanical, podiatric and physiotherapy because of 

the high prevalence, cost and morbidity of injury (Collinge & Simmonds, 2009). 

Statistics encompassing running-based sports indicate the majority of injuries sustained 

occur to the lower extremities (Guten & Adner, 1997; Kinchington, 2009 ; Taunton, et 

al., 2003). While the direct costs of lower extremity injury are difficult to quantify, the 

financial cost of overall sporting injuries has been calculated to be in excess of $A2 

billion (Medibank, 2006). Specific to the football codes, using injury surveillance data 

(Orchard & Seward, 2008), the financial cost of lower extremity injury in one code of 

football played in Australia, calculated by this study in terms of wage costs relative to 

missed games exceeds $20 million per year. 

Measures of comfort, which are recorded prospectively, may be important in 

determining physical performance and injury outcomes. A technique to monitor lower 

extremity comfort comprising key anatomical locations would offer the medical and 
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sporting communities an effective screening instrument about the state of lower 

extremity health, and assist with injury prevention or early injury risk detection.  

Comfort measures pertaining to footwear and the lower extremity commonly involve 

ordinal (Likert) scales (Impellizzeri & Maffiuletti, 2007; Orlando & King, 2004; Williams & 

Nester, 2006) or continuous scales such as visual analogue scales (VAS) (Chiu & 

Wang, 2007; Hong, et al., 2005; Mundermann, et al., 2003b). The reliability and validity 

of VAS as a psychophysical rating has been well documented (Boonstra, Schiphorst 

Preuper, Reneman, Posthumus, & Stewart, 2008; Chiu & Wang, 2007). A perceived 

advantage of VAS is the scale is not delimited by the discrete spacing of numerical 

ratings scales (Mundermann, et al., 2002). Some limitations of VAS include anchor 

words, the length of the scale, and the direction of the scale, among other factors (Eich, 

Reeves, Jaeger, & Graff-Radford,1985; Miller, et al., 2000). 

Likert scales also measure comfort and demonstrate acceptable validity (Downie, et al., 

1978; Lozano, García-Cueto, & Muñiz, 2008), minimal measurement error, are simple to 

comprehend, and so advantageous over VAS (Dijkers, et al., 2002). Signposts, which 

generally accompany Likert scales provides clear instruction for ease of interpretation 

and provides an even distribution of data rather than skewed data due to lack of 

signposts associated with VAS (Kolcaba & Steiner, 2000). However, limitations of Likert 

scales include the interpretation of specific anchors which will not be uniformly 

perceived by all respondents (Goldstein, Beer, & Hersen, 2004). A further limitation of a 

Likert scale occurs where comfort measures (ordinal) are evaluated with continuous 

measures such as grouped biomechanical variables (Miller, et al., 2000). However, 

individual comfort should not be analysed as a group statistic, such as an overall mean 
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response, because comfort is an innately individual phenomenon (Hanspal, et al., 

2003). Therefore, the use of Likert scales is appropriate to analyse individual comfort. A 

seven point scale is the most widely used response scale (Gaunt & O'Neill, 2007) 

enabling reasonable compromise between sensitivity, reliability, and ease of use 

(Bennett, Patterson, & Dunne, 2001).  

3.3 METHODS 

The purpose of this study was to develop an instrument to measure lower extremity 

wellbeing using comfort as the primary criterion. Likert-based comfort paradigms 

currently used extensively in medicine were considered fundamental to establish the 

lower extremity comfort scale. The development of an instrument termed; Lower Limb 

Comfort Index (LLCI) had three stages: 

3.3.1 Stage one: c ritical appraisal  

The critical appraisal for developing a LLCI derived impetus from: 

I. Information accessible to the public from professional and consumer allied health 

organisations as well as legislative bodies who provide the community with 

information about the management and prevention of musculoskeletal injury.  

II. A review of the medical and allied health literature for research, pertinent to the 

development of a LLCI and the contributions of comfort to musculoskletal well-

being in sport.  Electronic databases PubMed, CINHAL, Ovid Medline, The 

Cochrane Library, and PsychINFO up to and including February 2010 were 

searched. The search included all English language articles. The searches used 
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the following key words leg, footwear, shoe, musculoskeletal, injury, lower limb, 

comfort, wellbeing and measures.  

III. Anatomical segments which are prevalent in injury epidemiology studies, to 

develop a suitable LLCI. The medical and allied health literature was searched to 

establish segments for inclusion to develop the LLCI. The criterion for inclusion 

was based upon: (i) Gross anatomy of the lower extremity; (ii) Those anatomical 

areas which dominate injury epidemiology literature for running based activities 

(Figure 3.1). 

3.3.2 Stage two: d evelopmental stage  

The developmental stage involved implementation and refinement of an experimental 

LLCI, based on a seven point Likert scale. The suitability of sign posts, the ease of 

administration, comprehension and suitability of the descriptive terms which 

accompanied the LLCI scale were examined.  

Twenty participants with varying years of professional football experience from two 

codes of football (rugby league and Australian rules) volunteered to test the suitability of 

the LLCI for use in the field. Ethical approval was obtained from the Human Ethics 

Research Committee at Victoria University and participants completed informed consent 

declarations (Appendix B). Data from each participant were collected on a weekly basis 

for 18 weeks (360 responses). Versions of the LLCI were tested until all participants 

agreed with the format, determined by statistical merit. Each respondent completed a 

lower extremity comfort form under the instruction of either the researcher or head team 

trainer, who was well versed in the study. Each respondent was interviewed in a casual 
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environment during the developmental stage to obtain feedback (Table 3.3). The LLCI 

was refined following respondent feedback.  

3.3.3 Stage three: p ilot reliability of LLCI  

Once developed, the LLCI was piloted by 20 participants who were not involved in the 

development of the rating scale, but considered representative of the wider professional 

football community. Using reliability protocols previously established for footwear 

comfort (Miller, et al., 2000; Mundermann, et al., 2002; Mundermann, et al., 2001), the 

reliability of the LLCI was measured at 0 hours and 4 hours in a stable environment. Testing 

was performed on three separate occasions over a five day period with 48 hours between 

each session. To ensure the integrity of the test-retest condition there were no physical 

or medical interventions within the 4 hour period between the intra-test comfort data 

collection which may have altered the testing environment. In order to guard against 

recall bias, the order in which each anatomical segment was ranked was randomly 

assigned for each participant for each of the intra-test comfort collection sessions.  

3.3.4 Statistical analysis 

To measure whether the respondents changed their judgments of LLCI appraisal for 

suitability, ease of use, anatomical descriptor suitability and sign post suitability over the 

data collection periods during Stage One (developmental stage of LLCI), the data were 

cross-tabulated. McNemar’s test of agreement was used to determine if the number of 

players who responded with ‘agree’ changed significantly over time. Where no players 

responded with an ‘ambivalent’ or ‘disagree’ response these categories were combined 
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because the main interest was to ascertain whether the percent of players who agreed 

with the tool had increased. 

Reliability was estimated in Stage Three of the LLCI development, using absolute 

difference between time periods. The absolute differences in comfort index between the 

two time periods for the three days and for each anatomical segment were calculated. A 

paired t-test was used to compute mean difference and its standard deviation (SD). The 

measurement error was computed from the SD around the mean difference using the 

formula [(SD of differences / √2)* 1.96] (Bland & Altman, 1996). The error indicates a 

range above and below a measured comfort index in which it is expected a player’s true 

comfort to lie. Where the comfort scores had the same category values on each 

occasion, reliability for each limb segment was also measured using Cohen’s Kappa for 

which a value of one (1) indicates perfect agreement and a value of zero (0) indicates 

that agreement is no better than chance. For the sums of comfort scores, intra-class 

correlation coefficient (ICC) was computed to measure relative agreement between 

times using a one-way random model.  
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3.4 RESULTS 

3.4.1 Stage one: c riti cal appraisal  

3.4.1.1  Qualitative clinical e xperience 

The disciplines of allied health medicine inclusive of podiatric medicine ("American 

Academy of Podiatric Sports Medicine," 2010), sports medicine ("American College of 

Sports Medicine," 2010) and physiotherapy ("American Physical Therapy Association," 

2010), are engaged with areas of injury associated with exercise and physical activity. 

Because of an increasing awareness of the costs associated with sport injury ("Sports 

Medicine Australia, Olympic Gold and Australia's Economy Harmed by Injuries, Media 

Release," 2008), peak bodies have been established globally to educate and train 

health professionals to provide advanced training for sports related injuries including the 

lower extremity. Such groups include International Federation of Sports Medicine 

("International Federation of Sports Medicine ", 2010), International Olympic 

Commission Medical Commission ("Medical-Olympic," 2010) and National Sports 

Medicine organisations that provide consensus statements on sports participation 

including injury prevention, treatment and management. The information educates their 

professional membership and disseminates guidelines on injury prevention to the 

general public enabling successful empirical based interventions. 

3.4.1.2 Literature r eview of injury and comfort  

Integrative review of published literature in sports medicine, nursing, biomechanical and 

allied health medicine (podiatry and physiotherapy) provided information to support the 
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development of the LLCI. The major areas of interest were; (i) injury epidemiology, (ii) 

comfort paradigms, and (iii) anatomical segments of the lower extremity with reoccurring 

injury themes. 

3.4.1.2.1  Injury epidemiology  

Epidemiology for exercise and sporting injury is difficult to quantify, however estimated 

direct financial costs range from A$ 830 million ("Medical-Olympic," 2010) to A$ 1.5 

billion per annum ("Sports Medicine Australia, Olympic Gold and Australia's Economy 

Harmed by Injuries, Media Release," 2008). Lower extremity injury across a variety of 

sports range from 40% to 87% (Table 3.1). Five of the studies reported injury as a 

physical complaint, without confirming a time loss event due to injury. The range of 

lower extremity injury defined this way, compared to other body injury, was 40% in a ten 

year longitudinal study of injury among 16 professional Australian Rules football teams 

(Orchard & Seward, 2002) to 82% (Taunton, et al., 2003) who assessed recreational 

runners over a 13 week period. Using time loss as an injury definition, the lowest 

incidence of injury was a study of amateur rugby union involving six teams for one 

season (Babic, Misigoj-Durakovic, Matasic, & Jancic, 2001). The study reporting the 

highest incidence of lower extremity injury (87%) involved a five year analysis of a 

European football league of more than 1500 participants. Table 3.1 highlights a wide 

range of studies involving different codes of football and running, professional and 

amateur sport. Regardless of the injury definition, the incidence of lower extremity injury 

was high, providing further evidence for lower extremity injury based research. 
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Table 3.1 Incidence of lower extremity musculoskeletal injury 

Authors  Taunton  

 et al  

Brooks  

 et al  

Walden  

et al  

Kinchington  

 

Junge 

et al  

Orchard  Babic et 

al  

Orchard 

et al  

Hagglund

 

Year 2003 2005 2005 2001 2004 2004 2001 2007 2008 

Sport  Running England 

Rugby 

World Cup 

squad 2003 

UEFA 

Champions 

League 

Olympic 

Games 2000 

FIFA 

World 

Cup 

2002 

National 

Rugby 

League 

Amateur 

Rugby 

Union 

Australian 

Football 

League 

Football 

Swedish 

League 

Incidence 

of lower 

extremity 

injury  

82% 

 

60%  

 

50% 

 

76%  53% 

 

62% 

 

48% 

 

40%  

 

87% 

Details  13 weeks 

844 runners 

prospectively 

followed 

2 seasons 

63 

footballers; 

prospective 

injury 

surveillance 

2 seasons 

11 clubs, 

five 

European 

countries 

Measure of 

medical 

encounters 

(>1100) which 

presented to 

the podiatry 

facility of the 

polyclinic 

64 

football 

matches 

6 seasons 

two 

teams 

1 season 

six 

teams 

10 seasons 

(1997-

2007); 

16 teams 

5 seasons 

Swedish 

football 

teams  

(>1500 

subjects) 
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1= A physical complaint which medical attention was received regardless of consequences in respect to missed  

     session. 

2= A physical complaint which medical attention was received resulting in a time loss injury. 

 

Abbreviations: FIFA, Fédération Internationale de Football Association; UEFA, Union of European Football  

                        Associations. 

Authors  Taunton  

 et al  

Brooks  

 et al  

Walden  

et al  

Kinchington  

 

Junge 

et al  

Orchard  Babic et 

al  

Orchard 

et al  

Hagglund

 

Injury  1 2 2 1 1 2 2 1 2 
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3.4.1.2.2 Studies of the comfort paradigm which permeate 

field of medicine.  

The themes pertaining to comfort derived from the literature included the role of 

shoe comfort, comfort as a measure of well being, and reliability-validity studies 

(Table 3.2). The majority of comfort studies in the Table 3.2 are work place related 

including the nursing profession and military. Footwear comfort studies have also 

been performed (Au & Goonetilleke, 2007; Mundermann, et al., 2001) highlighting 

the importance of footwear as a variable for lower extremity studies of function and 

injury. However, no studies involved footwear comfort in sport despite the fact that 

the majority of weight bearing sports use footwear. Relevant footwear studies for 

sport generally involved laboratory based studies or friction-traction studies. The 

studies presented in Table 3.2, establish comfort as an important construct to 

general wellbeing and thus, applicable to the sporting environment.  
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Table 3.2 Comfort themes established in the literature 

      Themes  Population  Author  

 

Shoe construction & 

comfort 

 

 

 

 

+ Nursing profession 

+ Females  

(fashion footwear) 

+ Military 

 

+ Chiu & Wang (2007)  

+ Au & Goonetilleke (2007) 

+ Hong & Lee (2005)  

+ Mundermann et al. (2001) 

 

Anthropometry & comfort  

 

+ Laboratory 

 

+ Milani et al. (1997)  

    Injury & comfort + Military 

+ Military 

+ Miller et al. (2000)  

+ Mundermann et al. (2001) 

 

Reliable method to 

measure shoe comfort 

 

+ Laboratory 

 

+ Mundermann et al. (2001)  

Validation of a comfort 

measurement instrument 

+ Hospital + Kolcaba & Steiner (2000) 
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Table 3.2 shows comfort themes have been researched in diverse environments. 

While instruments exist to estimate physical activity and recovery [rate of 

perceived exertion (RPE), training function score (TFS)], no such instrument is 

available to monitor lower extremity musculoskeletal wellbeing in sport. Where 

examples do exist for subjective comfort (Orlando & King, 2004), generally 

measures of lower extremity comfort are confined to one anatomical region. 

Examples of studies which have isolated one area include industrial footwear 

comfort (Chiu & Wang, 2007), work environment ground surface comfort, (Cham & 

Redfern, 2001) plantar pressures with sport shoes (Orendurff, et al., 2008), insole-

orthotic comfort (Che, et al., 1994; Mundermann, et al., 2003b), fashion shoe 

comfort ( Au & Goonetilleke (2007), skeletal alignment and footwear comfort 

(Miller, et al., 2000) and hybrid comfort studies examining the effect of footwear 

materials and inserts (Lake & Lafortune, 1998; Stefanyshyn & Nigg, 2000; 

Wakeling, Pascual, & Nigg, 2002). The only field based study investigated the role 

of insert-shoe comfort and the effect on injury (Slater, 1985). It could therefore be 

argued that without a measure of multiple anatomical sites, an incomplete 

description of comfort to the lower extremities exists. Single anatomy sites studies 

do not recognise the interaction of the anatomical linkage and the effect of body 

compensations. 

3.4.1.3    Anatomical segments for comfort index i nclusion  

The literature indicates lower extremity injury inclusive of the foot, ankle, calf-

Achilles, shin and knee account for the vast majority of all injury (Figure 3.1 and 

Table 3.1). The inclusion of footwear as an anatomical segment was considered 

valuable as it is regularly used as protective apparel in the majority of weight 



 

68 

 

bearing sports. There is also much speculation that footwear plays a role in injury 

(Lake, 2000; McPoil, 2000; Yeung & Yeung, 2003) and comfort (Mundermann, et 

al., 2001).  

Figure 3.1 Lower extremity injury incidence derived from the literature. Sources 

include Taunton et al. (2003), Guten (1997), Orchard & Seward 

(2008). 

 

 

3.4.2 Stage two: d evelopmental stage  

Following assessments of various feedback scales purported in the health 

literature, a seven point Likert scale 0-6 was considered the most applicable to the 

professional sporting environment. An instrument to monitor lower extremity 

comfort was developed with anchors and signposts at all comfort scores (Figures 

                                   

Foot 13%--15%  

Shin: 8%—17% 

Knee 37% - 39%      

Calf-Achilles 
11%--16% 

 
Ankle 21%   
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3.2 and 3.3). Because comfort is a positive feature, the scale was reversed with       

0 comfort points being the least and 6 comfort points the most comfortable score.  

The age of participants was mean 22.7 years; range 18-28 years). Six rookies 

(first year players), six footballers with experience (3 to 5 years) and eight senior-

leadership players (> 5 years football experience) were recruited for the 

developmental stage. Three versions of the LLCI (LLCI 1 LLCI 2    LLCI 3) were 

trialled before the LLCI 3 was considered ready for pilot evaluation (Stage 3). 

3.4.2.1 Lower limb comfort i ndex 1 (LLCI 1) 

Data were collected for six weeks (120 data sets). Each respondent was 

interviewed in a casual environment at weeks two, four and six (60 responses; 

Table 3.3) to provide feedback on: (i) interpretation of the LLCI, (ii) assess 

usability, (iii) obtain feedback on the appropriateness of the anatomical segments 

measured and (iv) anchors / signposts. 

Feedback from LLCI 1 (Table 3.3) indicated high agreement for overall suitability of 

the comfort index (82%) and sign post suitability (83%). Ease of use for 

completing the comfort index was < 50% agreement. The low agreement for the 

cohort for ease of use involved confusion regarding Achilles comfort. Some placed 

the Achilles condition in the calf tag, while others used the ankle (due to close 

proximity to the Achilles). Approximately half (51%) of respondents reported 

ambivalence or disagreed with the ease of using the index. The LLCI 1 had two 

descriptor sets; one for anatomical segments, and a second for footwear, making 

interpretation of the comfort index more complex. The footwear descriptor set was 
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subsequently deleted and footwear as a region of measurement was added to the 

anatomical descriptor set. 

3.4.2.2 Lower limb comfort i ndex 2 (LLCI 2) 

The second version of the comfort index (LLCI 2) was implemented for six weeks 

(120 data sets) and differed from LLCI 1 in two ways. The descriptive signposts 

and anchors for the footwear condition were removed to leave one descriptor set 

for both anatomical segmental comfort and footwear comfort. The footwear 

condition was treated as a component of anatomical segmental comfort (shoe, 

foot, ankle, calf-Achilles, shin, knee). The calf anatomical tag was expanded to 

include Achilles comfort (calf-Achilles). LLCI 2 was changed to reflect the feedback 

as outlined in methods. McNemar’s test of agreement indicated that suitability of 

the comfort index and signposts remained high (>80%). Ease of use increased to 

70% and anatomical descriptor suitability increased to 95%, due to the use of one 

descriptor for all segments. Feedback from interviews with the senior-leadership 

group of players indicated that some of the sign posts, specifically the descriptors 

for comfort scores 1, 2, 4, and 5 could be removed to improve ease of using the 

index.  

3.4.2.3 Lower limb comfort i ndex 3 (LLCI 3 ) 

The LLCI with further modification (LLCI 3) was implemented for six weeks (120 

data sets). It differed from LLCI 2 by using two anchors and one central signpost. 

All respondents were re-interviewed to give a total of 60 responses over the six 

week period (Table 3.3). Agreement among the respondents meant no further 

refinements to the LLCI were required.  
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The final scale comprised a scoring system of 0 comfort points to 6 comfort points with 

anchors at extremities (0 comfort points = extremely uncomfortable [unable to run or 

jump] and 6 comfort points = zero discomfort [best ever feel]). A midpoint signpost of   

3 comfort points  was designated a neutral position; 0 comfort points to 2 comfort points 

delineated uncomfortable and 4 comfort points to 6 comfort points comfortable (Figure 3.1).  

The LLCI 3 indicated high agreement for suitability (90%), ease of use (95%), 

anatomical descriptor agreement (95%), and signpost suitability (88%) calculated 

from McNemar’s test of agreement. The results indicated no requirement for 

further refinement of the LLCI. The final index was a seven point Likert scale 

which measured six areas pertinent to the lower extremity. The sign posts had 

scores 0 comfort points to 6 comfort points with two anchors and one central signpost. The 

final version was considered appropriate for reliability evaluation among a larger 

cohort. 
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Figure 3.2 Lower Limb Comfort Index in the developmental stage  

Name: Place a score 0 to 6 in each box   

Lower Extremity 

Comfort:  

Rank each body area 

from 0-6 using the 

comfort descriptors 

Foot  Ankle  Calf - 

*Achilles  

Shin  Knee Footwear 

** 

Sum 

Comfort  

               /36 

maximum 

score 

COMFORT DESCRIPTORS 

0 = extremely uncomfortable  (unable to run or jump) 

1= very uncomfortable ***      (strongly affecting my running or training or 

performance) 

2 = uncomfortable ***  (somewhat affecting my running or training or 

performance) 

3= neither uncomfortable or comfortable  (neutral) 

4= fairly comfortable ***  (mild niggles but generally running & training well) 

5= very comfortable *** (not affecting my running or training or 

performance) 

6= zero discomfort (extremely comfortable; best ever feel)  

 

*Achilles tag added for LLCI 2.  

** Footwear descriptor set removed for LLCI 2   

*** Comfort descriptors 1, 2, 4, & 5 removed for LLCI 3 
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Figure 3.3 Final Lower Limb Comfort Index (LLCI 3)  

Name: Place a score 0 to 6 in each box   

Lower extremity 

Comfort:  

Rank each body 

area from 0-6  using 

the comfort 
descriptors 

Foot  Ankle  Calf - 

Achilles  

Shin  Knee Footwear  Sum 

Comfort  

               /36 

maximum 

score 

COMFORT DESCRIPTORS** 

0 = extremely uncomfortable (unable to run or jump)  

1 

2 

3= neither uncomfortable or comfortable (neutral)  

4 

5 

6= zero discomfort (extremely comfortable; best ever feel)  

 

 

** included a partially anchored numeric rating scale with fixed anchor points at 

key positions on the scale. Descriptive explanations were condensed to Comfort 

Scores 0, 3 and 6.   

Table 3.3 shows that the percent of players who agreed, were ambivalent or 

disagreed with each domain of the LLCI at each of the three time points analysed 

by McNemar’s test of agreement. The number of players who agreed with 

suitability of the comfort index increased across the time points (Time 1 to Time 3), 

with a significant increase from 82% (Time 1) to 90% (Time 3); P=0.02.  

For ease of use, there was a significant increase in the numbers of players who 

agreed across all time points (P<0.0001) with the percent who agreed increasing 

from 48.3% (Time 1) to 70% (Time 2) and 95% (Time 3). This was considered due 
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to the simplification of the comfort descriptor sets, eliminating descriptions at 

comfort scores 1, 2, 4 and 5. Similarly for anatomical descriptor suitability”, 

agreement improved between Time 1 (55%) and Times 2 and 3 (95%), P<0.0001. 

For signpost suitability, there was trend for the percent of players who agreed to 

increase only slightly across the three time points. The changes associated with a 

positive response between times points was not statistically significant. 

 Reasons for disagreement in each domain were mainly confined to Time 1 and 

Time 2 for feedback regarding the labelling of the LLCI. By Time 3, disagreement 

was not due to LLCI interpretation, but participants either being unavailable for 

data entry and one participant who dropped out of the study. 

Table 3.3 Respondent results for LLCI development with 60 responses for 

each domain 

Domain  Response  

 

 

Time 1 

LLCI  

++ 

Time 

2 

LLCI  

+++ 

Time 3 

LLCI  

P value   

Time 1 

vs 2 

P value  

Time  

1 vs 3 

P value  

Time  

2 vs 3 

 

 

suitability   

Agree  49   

81.7% 

51  

85% 

54   

90% 

0.54 0.12 0.02 

Ambivalent 10  

16.7% 

8   

13% 

3  

 5% 

   

Disagree 

 

 

 

1 

  1.7% 

1  

 2 %  

 

3  

 5% 

   

ease of   
   use 

Agree  29  

48.3% 

42  

70% 

57   

95% 

0.003 <0.0001* <0.0001* 

Ambivalent 11   

18.3% 

12  

20% 

0 

 0% 

   

Disagree 

 

20   

33.3% 

6        

10% 

3 

5% 
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Domain  Response  Time 1 

LLCI  

++ 

Time 

2 

LLCI  

+++ 

Time 

3 

LLCI  

P value   

Time  

1 vs 2 

P value  

Time  

1 vs 3 

P value   

Time 

 2 vs 3 

anatomical 

descriptor 
suitability 
 

Agree  33    

 55% 

57  

95% 

57  

 95% 

<0.0001 <0.0001* 1.0* 

Ambivalent 17   

28.3% 

2   

3.3% 

0  

 0% 

   

Disagree 

 

 

 

10  

16.7% 

 

 

 

1   

1.7% 

 

 

 

3  

5% 

 

 

 

 

 

 

 

  

sign post 

suitability 

Agree  50 

 83.3% 

49  

81.7% 

53   

88.3% 

1.0* 0.45* 0.096 

Ambivalent 10  

16.7% 

 

10  

16.7% 

 

4  

 6.7% 

   

Disagree 0 

 0% 

 

1  

1.7%  

 

3   

5% 

   

+ P value estimated by McNemar’s statistic for 3x3 table or * by 
McNemar’s statistic for 2x2 table with ambivalent and disagree groups 
combined where one or more of the domains had a zero response. 

++ Participant feedback: create a comfort measure for Achilles. Two sets of 
descriptors (anatomical segments & footwear) were confusing. 

+++ Creation of three comfort descriptors resulting in two anchors and a 
central signpost.  
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3.4.3 Stage three: pilot r eliability of LLCI  

Twenty footballers, mean (SD) 24.4 years (3.2), not used during the 

developmental stages of LLCI testing were recruited to field test the final version 

of the LLCI for reliability. Twelve players from rugby league and eight from 

Australian rules who were not familiar with the LLCI were recruited to test the 

index over three sessions.  

Table 3.4 indicates a high proportion of agreement for all comparisons of the LLCI. 

For overall lower extremity comfort (Sum score), the lowest percentage agreement 

between 0 hours and 4 hours, in an environment where there were no interventions to 

effect comfort, was 80% for Session 2 (ICC 0.994). This was due to four 

participants having a difference in sum score. However, the differences between 

time points were only 1comfort point. For individual anatomical markers Kappa 

agreement range was 0.85 – 1.00 (Session 1), 0.72 - 1.00 (Session 2) and 0.92 - 

1.00 (Session 3). Markers for knee and ankle showed the least agreement in 

Session 2 where more than two participants recorded differences for the two time 

periods. However, the differences were only 1 comfort point. This effect is represented 

in Figure 3.3 in which the largest difference in agreement was 15% for the ankle 

and knee markers (Session 2). The narrow range for test-re-test percentage 

agreement of lower extremity sum score and respective anatomical markers for 

three test sessions indicates high repeatability for two time periods across three 

testing sessions. Mean differences (Table 3.4) indicated no differences for Sum 

scores.  
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Table 3.4 Frequency of numbers in agreement for comparisons between 0 hours 

and 4 hours on three separate days in 20 participants. Numbers in 

table are absolute participant numbers. 

Comparison Number in 
agreement 

Number 
differing 

by 
1 comfort 

point 

Number 
differing 

by             
2 comfort 

points 

Percent in 
agreement 

Mean 
difference 

(SD) 

Measurement 
error 

Kappa 
or 

*ICC 

Session 1         

Sum score 17 2 1 85% -0.10 0.77 *0.991 

Boot 20 - - 100% 0.00 0.00 1.00 

Foot 20 - - 100% 0.00 0.00 1.00 

Ankle 20 - - 100% 0.00 0.00 1.00 

Calf 19 1 - 95% 0.05 0.31 0.92 

Shin 18 2 - 90% -0.10 0.43 0.85 

Knee 19 1 - 95% -0.05 0.22 0.93 

Session 2         

Sum score 16 4 - 80% -0.10 0.62 *0.994 

Boot 19 1 - 95% -0.05 0.31 0.92 

Foot 20 - - 100% 0.00 0.00 1.00 

Ankle 17 3 - 85% -0.05 0.55 0.75 

Calf 20 0 - 100% 0.00 0.00 1.00 

Shin 18 2 - 90% -0.10 0.43 0.82 

Knee 16 4 - 80% 0.10 0.62 0.72 

Session 3         

Sum score 18 2 - 90% 0.00 0.45 *0.996 

Boot 19 1 - 95% -0.05 0.31 0.92 

Foot 20 - - 100% 0.00 0.00 1.00 

Ankle 20 - - 100% 0.00  0.00 1.00 

Calf 20 - - 100% 0.00 0.00 1.00 

Shin 19 1 - 95% -0.05 0.31 0.92 

Knee 19 - 1 95% 0.10 0.62 0.95 
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Figures 3.4 and 3.5, 3.6, and 3.7 illustrate the lack of difference for each 

anatomical marker and narrow 95%CI which confirms the reliability of the LLCI. 

Figure 3.4 Percentage agreements between lower extremity sum scores and 

individual anatomical markers for three testing sessions. 

 

Figure 3.5 Mean difference (95% CI) for test session one 
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Figure 3.6  Mean difference (95% CI) for test session two 
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Figure 3.7 Mean difference (95% CI) for test session three 
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3.5 DISCUSSION 

Few techniques are available within the sports injury environment to gather 

prospective data on lower extremity musculoskeletal comfort. An investigation of 

the literature indicated that development of an instrument had theoretical merit 

and had the potential to be feasible. Development was therefore based on stage 

one of a three phase project. Stage one involved a critical appraisal of available 

evidence showing: 

I. The high incidence of lower extremity injury ranging from 40%-87% (Table 

3.1) and prevalence of injury at  key anatomical segments (Figure 3.1) for 

many sports including three codes of elite football.  

II. The comfort paradigm which permeates areas of biomechanics, footwear, 

military medicine and hospital-nursing outcomes (Table 3.2), but has not 

been evaluated as an instrument of detection in sports medicine.  

Professional footballers have many time restraints placed upon their daily 

activities, so the LLCI had to be deemed worthwhile to those completing the task 

and be completed swiftly. An important criterion for both respondent and evaluator 

of the data is the ability of the format not to be time consuming, well laid out, easy 

to understand, and completed with minimal evaluation. Therefore stage two and 

three of the study encompassed designing the LLCI and pilot testing in a 

controlled environment for use in football. 

The adoption of a seven point Likert scale which was considered the most 

appropriate method of measurement for a professional sporting environment was 

due to ease of administration, clarity in responding, and general ease of 

interpretation to both the respondent and the evaluator. To ensure the comfort 
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index was applicable to all footballers, recruitment of players with varying years of 

football experience participated in testing the anchor words, the ease and 

adaptability of the LLCI until the index was considered viable for pilot testing 

(stage three). The opinions of senior players provided valuable feedback on the 

LLCI during the development stage (Table 3.3) offering practical and frank 

opinions about suitability, benefit and time constraints of the LLCI. The inclusion of 

opinions from younger and mid-tier players provided a balanced response to 

ensure the index was agreeable to a wide range of players. Population specific 

instruments for football codes have been successfully used for injury surveillance 

(Collie, et al., 2003; Orchard, 2004). 

Overall compliance during the development stage of the LLCI was high. Less than 

5% of participants did not complete the LLCI during any given week. The overall 

consensus was the index was easy to understand, did not impose time constraints 

(took less than 60 seconds to complete), and respondents considered the format to 

be of benefit (Table 3.3). Perceived benefits include; (i) itemising anatomical 

segmental wellbeing and overall lower extremity comfort, (ii) benchmarking 

individual player comfort for football preparation (training and rehabilitation when 

injured), (iii) providing a comfort reference point for participants to quantify future 

discomfort events, (iv) providing a method of measuring wellbeing of an individual. 

During the developmental stages modifications were made to the LLCI. Areas of 

the LLCI requiring adjustment to the index revolved around confusion and 

ambiguity regarding the comfort descriptors and anatomical tags. Respondents 

identified confusion regarding the footwear tag due to a second descriptor set 

which was dedicated to footwear. During the six week trial of LLCI 1, 45% of 
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respondents failed to enter a footwear response without prompting from the 

researcher. Reasons expressed by respondents included “did not see 2nd set of 

descriptors”, or “too much information to read with a second set of descriptions 

dedicated to the footwear condition”. The descriptor set for LLCI 2 incorporated the 

footwear tag. Subsequently respondent agreement to ease of use and anatomical 

descriptor suitability” increased to 70% and 95% respectively. 

Ambiguity was noted by some respondents for calf and ankle comfort. This was 

attributed to participants having two similar anatomical markers to record Achilles 

discomfort. The anatomy of the Achilles tendon approximates both the calf and the 

ankle. During the development phase of the LLCI, the following scenarios 

occurred: (i) Achilles discomfort was duplicated by recording low comfort at two 

anatomical regions (ankle and calf); (ii) Achilles discomfort was recorded 

inadvertently affecting ankle or calf comfort scores; (iii) Achilles discomfort was not 

recorded at all as there was no obvious anatomical tag to describe the Achilles. 

The index was adjusted for LLCI 2 by the inclusion of an Achilles tag associated 

with the calf.  

To improve the ease and suitability of the signposts, amendments were made to 

the comfort descriptor legend for LLCI 3. The descriptors at points 1-2 and 4-5 

were considered redundant. The use of anchors (0 comfort points  = extremely 

uncomfortable; unable to run or jump and 6 comfort point s = zero discomfort, best 

ever feel) provided two extremes of stimuli commonly used when anchoring 

subjective feedback scales. A central signpost denoted scores either side of a 

central position and provides respondents a clear delineation between comfort 

and discomfort (Redmond, Crosbie, & Ouvrier, 2006).  As a consequence, overall 
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agreement rose to 90% (suitability), 95% (ease of use), and 88% (sign post 

suitability). Although speculative, the increase in disagreement from 1.7% to 5% 

for sign post suitability was most likely due to a decreased sample size during 

LLCI 3 that artificially inflated reports of relative error. 

Other reasons for improvement in the statistical results for agreement may have 

involved familiarity with using the LLCI. The participants used the index over an 18 

week period. Repeated task oriented events will result in a participant’s skill 

acquisition improving from a novice status to one of expert as a task is learned 

(Benner, 1982; English, 1993). While such a theory may apply to the domain ease 

of use and sign post suitability high levels of agreement would not be expected for 

overall suitability or the anatomical descriptor segments measured if the index was 

not considered appropriate. 

Good agreement for all facets of LLCI reliability indicated good face reliability for 

the LLCI. The use of multiple markers (foot, ankle, calf-Achilles, shin, knee and 

footwear) to assess lower extremity comfort affects overall LLCI sensitivity to 

change compared with an instrument with fewer markers. This ensured a more 

clinically relevant instrument that provided a complete overview of lower extremity 

wellbeing, as well as appraisal of individual anatomical segments. The use of 

multiple markers provides rigorous testing of reliability as six markers measured 

repeatedly will significantly affect the overall sum score reliability. 

The measurement errors (Table 3.4) show the participants true comfort will lay 

within one point of baseline comfort on most occasions for the majority of markers 

measured. The chance for memory recall bias was limited by randomising the 

order for scoring the anatomical markers between the two time periods and for the 
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three testing sessions. Therefore, the repeatability in scores between the two 

testing periods were considered valid scores and not due to recall bias.  

Differences in agreement for lower extremity comfort over a short time period      

(0 hours and 4 hours) will unlikely be attributed to a change in comfort if the testing 

environment remains constant. The testing period remained stable, i.e. no change 

to the testing environment such as physical exertion or musculoskeletal 

rehabilitation occurred. Anticipated reasons for differences in agreement will be 

due to: (i) inability of an individual to self-assess comfort accurately due to 

conceptual matters, (ii) difficulty comprehending the tool used to measure comfort, 

(iii) true change in comfort.  

The LLCI showed good repeatability and minimal differences in agreement. The 

range of scores varied less than 1 comfort point for all marker measures, except for 

one occasion. Therefore, the small differences in agreement provide confidence 

that the variability in scores is not due to conceptual inability of participants to 

assess comfort, nor an inability to comprehend the index. The observed 

differences may be due to judgement error by participants, which lies within an 

acceptable range and so not affect reliability. The results also contribute to face 

validity as Table 3.3 indicates ease of use (95%; P<0.001) and suitability of the 

LLCI (90%; P<0.02) was high. The small differences in agreement attest these 

results.  

Face reliability can be assessed by the conditions in which the testing occurred. 

Unlike, laboratory or controlled clinical research in which full participant attention 

can be applied to the task at hand; football environments contain many 

distractions including impromptu meetings, non-scheduled rehabilitation sessions 



 

85 

 

and multiple other priorities and interruptions from football related matters. Often 

research-related events involving professional footballers are an additional task for 

participants. Therefore, the ability for 20 participants to complete the LLCI over a 

three session testing period with the distractions of the competing environment 

provided further confidence the LLCI is an instrument that can be effectively 

applied in many different environments. 

3.6 CONCLUSIONS 

The importance of comfort as a means to aid health and wellbeing is recognised 

as a viable method of assessing pain and discomfort. However such strategies 

appear infrequently in the sporting environment. The use of multiple anatomical 

markers to derive an overall lower extremity comfort score presents a new method 

of measuring lower extremity wellbeing. The development and implementation of 

the LLCI in the professional football environment was reliable in a semi-controlled 

environment. The developed LLCI showed good trait construct and provides 

confidence to investigate the LLCI in a future study (Chapter 4) for inter-rater 

consistency in a wider cohort of professional footballers under different conditions 

such as Match-day and training week environments. 
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CHAPTER FOUR  

RELIABILITY OF AN INSTRUMENT TO DETERMINE LOWER LIMB 

COMFORT IN PROFESSIONAL FOOTBALL  

 

This chapter is supported by the publication: 

Kinchington, M., Ball, K., Naughton, G. (2010).  Reliability of an instrument to 

determine lower limb comfort in professional football. Open Access Journal of 

Sports Medicine, Volume 2010, 1, 77-85. 

4.1 ABSTRACT 

Background: This study extends the development of the LLCI (Chapter 3) and 

further explores the field of injury awareness in professional football by 

implementing the LLCI in a competitive football environment.  

Objectives: Examine the reliability of the LLCI to measure lower extremity comfort 

and assess whether LLCI measurements were responsive to changes in lower 

limb comfort over time.  

Methods : Participants from two codes of professional football (rugby league and 

Australian rules) were recruited. Twenty-two players were recruited for a test 

session following a football match and a separate testing session involved 41 

players at the beginning of the football-training week. Mean differences, standard 

deviation (SD) and intra-class correlation coefficient (ICC) for repeated comfort 

ratings for all individuals were used to calculate reliability. To test responsiveness, 

mean (SD) comfort scores were calculated and plotted to investigate how comfort 
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scores varied with time. Repeated measures analysis of variance was used to 

assess the within-player significance of differences in lower limb comfort. 

Results: The reliability of the LLCI was observed in two professional football 

environments; Weekday training (mean difference 0.1 point, ICC 0.99) and Match-

day (mean difference 0.2 points, ICC 0.97). Measurements of lower extremity 

comfort were responsive to changes in comfort over time. Within player 

differences were not significant for periods 0 hours and 8 hours (P>0.05), significant 

for time periods 0 hours to 24 hours (P<0.05) and highly significant between 24 hours 

and 96 hours (P<0.01). 

Conclusions: The LLCI when used in a competitive football environment was 

both reliable and responsive to change during both a football training week and 

under Match-day conditions. This novel instrument to measure lower extremity 

comfort provides a tool for clinicians and athletes which was easy to implement, 

providing prospective data on aspects of lower extremity well-being. 

4.2 INTRODUCTION 

Lower extremity injury reduction is an important consideration in professional 

football for numerous reasons ranging from performance-based criteria (player 

welfare, football skills, team cohesion, winning games) to financial reasons such 

as player payments, medical rehabilitation costs, and club sponsorship based 

upon team success (Engebretsen & Bahr, 2005; Luthje, 1996). Injury statistics 

across a variety of running-based team sports (the rugby codes, football, 

Australian rules, and American football) indicate that the majority of injuries 

sustained occur in lower limbs. Lower extremity injury (knee, shin, calf, foot and 
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ankle) in the Australian Football League over ten years accounted for 40% of all 

injury (Orchard & Seward, 2008) with 46% for rugby league data assessed over 

five years (Gissane, Jennings, Kerr, & White, 2002), 87% for football (soccer) over 

five seasons (Martin Hagglund, et al., 2007) and 54% for five seasons of high 

school American Football (Meyers & Barnhill, 2004).  

The cost of football injuries is significant both in terms of financial considerations 

(Dvorak & Junge, 2000; McManus, et al., 2004; Orchard & Seward, 2008), 

individual player considerations (Luthje, 1996) and retirement welfare (Bahr & 

Krosshaug, 2005). Therefore, injury outcomes, injury prevention and intervention 

methods in all codes of football has become an increasingly important focal point 

for researchers and clinicians (Arnason, et al., 2004; Drawer & Fuller, 2002; 

Dvorak, et al., 2000; Murphy, Connolly, & Beynnon, 2003; Norton, Schwerdt, & 

Lange, 2001; Wong & Hong, 2005). 

An inherent difficulty in assessing lower extremity injury risk factors in football is 

the complex, multi-factorial nature of injury which includes both extrinsic 

(environmental, ground surfaces, training methods etc) and intrinsic (foot 

kinematics, foot-lower limb morphology, footwear) factors (Arnason, et al., 2004; 

Dvorak & Junge, 2000; Neely, 1998; Williams, McClay, & Hamill, 2001). Injury in 

its simplest form can be classified as contact and non-contact. Contact injuries are 

an accepted part of football and considered non modifiable within the boundaries 

of fair play and use of protective equipment (e.g. shin guards). Non-contact 

injuries are speculated to be modifiable with prevention programs. Examples of 

preventative measures include programs such as TRIPP (Finch, 2006), screening 

and identification of anatomical risk factors (Dennis, Finch, McIntosh, & Elliott, 
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2008; A. Miller & Callister, 2009), prescriptive footwear (Kinchington, 2003; 

Mundermann, et al., 2001), and proprioception drills, balance, agility, strength, and 

practicing of skills (Bahr & Krosshaug, 2005). An integral part of injury 

management is the identification of risk factors that predispose an individual to 

injury (Krosshaug, Andersen, Olsen, Myklebust, & Bahr, 2005). However, because 

injuries are multifactorial, the inherent difficult faced by researchers and clinicians 

is the vast number of risk factors which need to be measured. Therefore, many 

studies have been limited to the measurement of one or two isolated factors. For 

example, while the literature supports a strong scientific association between 

lower extremity injury and foot kinematics (Huson, 2000; Nester, Van Der Linden, 

& Bowker, 2003; Nigg, et al., 1999; Reinschmidt, Van den Bogert, Nigg, Lundberg, 

& Murphy, 1997; Stagni, Leardini, O'Connor, & Giannini, 2003), there is little 

consensus between health professionals about the intrinsic aetiology of lower 

extremity injury.  

An alternate approach to injury management is the prospective measurement of 

lower extremity comfort which provides a barometer to the health and well-being 

status of the lower limb (Chapters 5, 6, 7). Regardless of the cause or mechanism 

of injury, the endpoint is the same in that it is expressed as pain and discomfort. 

When one area of the body is distressed (pain, discomfort, or injury) pain inhibition 

responses and musculoskeletal compensations occur not only at the site of injury 

but also at adjacent anatomical structures which may predispose other regions of 

the body to injury. Chapter 3 described the development of an instrument to 

monitor overall and segmental lower extremity comfort to enable the collection of 

prospective data which could be used to set benchmark comfort for individuals 
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and therefore to monitor future lower extremity health, limb injury and the factors 

that affect it (Chapters 5, 6, and 7).  

The impetus for the implementation the LLCI in the football environment evolved 

from: 

I. The lack of a clinically relevant tool to assess prospective lower extremity 

health; 

II. The high proportion of lower extremity musculoskeletal injuries reported in 

the literature; 

III. Previous studies indicating good reliability and validity of limb comfort 

measures for various population groups (military, hospital, laboratory);  

IV. The lack of an instrument to measure lower extremity comfort in a sporting 

environment;  

V. The anticipated benefit of a lower extremity comfort measure for use in 

clinical and research settings.   

In the developmental study (Chapter 3), the LLCI was trialled with professional 

footballers and had good face and construct validity to enable further testing in a 

wider football environment. 

4.3 METHODS 

Participants from an elite sporting environment comprising two codes of 

professional football (rugby league and Australian rules) were recruited to assess 

how repeatable the LLCI was over time and the extent to which it responded to 

changes in comfort. One testing session was implemented in 22 players following 

a football match and a separate testing session was implemented in 41 players at 
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the beginning of the training week, approximately 36 hours to 48 hours post game. 

Comparisons were made between the time intervals for both Weekday and Match-

day comfort to determine the reliability of the LLCI comfort scores under normal 

sporting conditions and the responsiveness of LLCI comfort scores to clinical 

changes in comfort.  

To test the hypothesis that the LLCI was a reliable tool to record repeated 

measures of lower extremity comfort, the environment for players to record lower 

extremity comfort remained stable, without interventions which would contaminate 

reliability testing. To ascertain responsiveness of the LLCI, comfort measures 

were taken during a regular training week for professional football, when the test 

environment was constantly changing. 

Data collection took place at Football Club premises in an environment consistent 

and familiar to the players. Therefore Match-day comfort was recorded at home 

game events only. Reserve or non-senior players were recruited as Match-day 

participants because these matches were scheduled earlier in the day, players did 

not have media or sponsor commitments, and had an obligation to be present at 

the main game to support other teammates in following matches. 

Test conditions for Weekday and Match-day reliability testing of the LLCI involved 

players entering comfort measures using the format shown in Figure 4.1. Data for 

six anatomical segments (foot, ankle, calf-Achilles, shin, knee and football boot) 

were rated for comfort. The minimum score was 0 comfort points and the maximum 

score was 6 comfort points for each segment. An overall sum of the six anatomical 

segments was calculated to provide a maximum score of 36 comfort points. 



 

92 

 

Figure 4.1 Lower Limb Comfort Index shows a numeric rating scale with fixed 
anchor points at key positions on the scale. Visual descriptive 
explanations provide further interpretation of the anchors relevant to 
physical requirements participating in football. 

Name: Place a score 0 to 6 in each box   

Lower 

extremity 

Comfort:  

Rank each 

body area 

from 0-6 using 

the comfort 

descriptors 

Foot  Ankle  Calf - 

Achilles  

Shin  Knee Footwear  Sum 

Comfort  

               /36 

maximum 

score  

COMFORT DESCRIPTORS 

0 = extremely uncomfortable (unable to run or jump)  

1 

2 

3= neither uncomfortable or comfortable ( neutral) 

4 

5 

6= zero discomfort (extremely comfortable; best ever feel)  

 

 

For Weekday comfort, recordings of lower extremity comfort were entered for five 

weeks over a 20 week period. For each week, five measures of lower extremity 

comfort were collected and categorised according to change in the test 

environment (Table 4.1). Condition 1 represented the first measure that was 

recorded for Weekday comfort, 24-36 hours following Match-day. Condition 2 

represented data collection +24 hours after Condition 1 and Condition 3 was +96 

hours from Condition 1. 
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Repeatability was calculated during Condition1 where there was no change to the 

test environment. Changes in comfort were assessed in Condition 2 and 3 which 

were characterised by significant changes to the test environment. It was 

anticipated that each player would provide a maximum of 30 measures of comfort 

over five testing sessions, suitable for repeated measures analyses and to test for 

differences in comfort over time.  

For Match-day comfort testing, the same format applied except the testing was 

performed over three test periods. Three comfort measures were taken over a      

3 hour period. To test for repeatability of comfort scores, the data was collected in a 

stable environment where there was no physical or medical intervention. To 

ensure a stable test environment, the first set of comfort measures occurred       

45 minutes to 60 minutes post match, once players had performed their Match-day cool 

down and rehabilitation (Table 4.1).  
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Table 4.1 Time line for comfort data collection for Match-day and Weekday 
measures 

 

MATCH-DAY LLCI COMFORT SCORES 

 

Time of data collection  

 

Environment  

 

0 minutes to 60 minutes  

following match 

 

(no data collection) 

 

 

Warm down, stretch, ice baths, hydration, and shower. 

 

0 hours                

(data collection 1) 

 

 

 

     

  No change to test environment in terms of medical, 

rehabilitation or training intervention. Player rest, relax, 

eat. 
 

+90 minutes       

(data collection 2) 

 

 

+3 hours         

(data collection 3) 
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Table 4.1 (continued) 

WEEKDAY- LLCI COMFORT SCORES 

 

Time of data collection  

 

Environment  

Condition 1      

 (+ 36 hours to 48 hours 

 post match) 

 

0 hours        

   (data collection 1) 

 

 

Changes to test environment between Match-day 

and Weekday include recovery training, massage 

and medical intervention. 

 

+4 hours       

  (data collection 2) 

 

 

No change to test environment 0 hours to 4 hours in 

terms of physical, training, or medical intervention. 

      Activities for the day include investigation of any 

medical needs, team and coach meetings and club 

events. 

 

+8 hours          

   (data collection 3) 

 

No change to test environment 0 hours to 8 hours in 

terms of physical, training, or medical intervention. 

Condition 2  

+24 hours from Condition 1 

 

  Changes to the environment include sleep, massage,           

yoga, reduction in muscle soreness. 

Condition 3  

+ 96 hours from Condition 1 

 

Full week of physical training, rehabilitation, medical 

intervention. 
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4.3.1 Weekday and match -day statistical analysis  

Reliability testing included calculating mean differences with standard deviation 

(SD) for Weekday comfort (time zone 0 hours to +8 hours) and post Match-day 

comfort, 0 hours to +3 hours (Table 4.2) for each week for players who provided data 

for both conditions. Measurement error was calculated from the standard deviation 

of the differences using the methods of Bland & Altman (1996). The measurement 

error indicates a range above and below any reported value in which we can be 

95% certain that the ‘true’ value for a player lies. In addition, intra-class correlation 

coefficient (ICC) for repeated comfort ratings for all individuals and sessions was 

computed from one way analysis of variance using the method for fixed observers 

because players self-reported their comfort scores. Intraclass correlation 

coefficients have previously been used in comfort studies (Miller, et al., 2000; 

Mundermann, et al., 2001) and were calculated in this study for repeated comfort 

for two conditions; Weekday (0 hours and +8 hours) and Match-day (0 hours and +3 

hours). 

To test responsiveness, mean comfort scores with standard deviation (SD) were 

also calculated for both Weekday and Match-day conditions (Table 4.3). Mean 

comfort scores were plotted (Figures 4.2 & 4.3) for Weekdays and Match-days to 

investigate how comfort scores varied with time. General linear modelling 

(repeated measures analysis of variance) was used to assess the within-player 

significance of differences in lower extremity comfort (intra-week) for both 

Weekday (Table 4.4) and Match-day (Table 4.5) comfort. Planned post-hoc 

comparisons were computed using the least significant differences (LSD) method 

with mean differences and 95% confidence intervals (95% CI). The Huynh-Feldt 
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P-value was used to assess the effect of time across each model because not all 

models conformed to the requirement of sphericity. 

4.4 RESULTS  

The results indicate the LLCI was reliable when tested for repeated measures and 

how the index measures lower extremity comfort changes with time. Table 4.2 

shows the reliability of the comfort scores for each week. Intraclass correlation 

coefficients for intra-test repeatability ranged between 0.994 and 0.999 for 

Weekday and 0.974 and 0.998 for Match-day conditions. The recording of lower 

extremity comfort to calculate ICC’s occurred at 0 hours and +8 hours for the 

Weekday condition and 0 hours and 3 hours for Match-day. For both test conditions, 

the environment was stable, where there were no interventions to effect 

repeatability testings.  

For Weekday results, the mean within player differences were either zero or very 

small at 0.1 in Week 2 indicating strong reliability. The measurement error 

indicates the range either side of a given measurement in which we can be 95% 

certain that the true value for a player lies. For Weeks 1, 3 and 4 the measurement 

error was less than 1 comfort point indicating excellent reliability. For Weeks 2 and 4, 

the measurement error was less than 1.5 points indicating very good reliability. 

The ICC which indicates the proportion of variance in within-player measurements 

that can be attributed to true differences between players was extremely high on 

all days. The ICC values of over 0.99 indicates that over 99% of the variance is 

due to true variation between players and less than 1% of the variance is due to 

measurement error in the LLCI.   
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For Match-day, the measurement error was small at 0.9 to 1.6 on Days 1, 2 and 4. 

On Day 3, the measurement error was larger at 2.5 with one player rating 3 comfort 

points higher than their original score. The ICC values were high indicating that on 

Days 1, 2 and 4, over 99% of the variance was due to true variation between 

players and less than 1% due to measurement error. On Day 3, over 97% of the 

variance in the LLCI was due to true variation between players and less than 3% 

was due to measurement error 

Table 4.2 Weekday and Match-day mean differences and the intra-class 

correlation coefficient (ICC)  

 Week Number  Mean 

difference 

(SD) 

Measurement 

error  

ICC 

Weekday  1 40 0.0 (0.16) 0.43 0.999 

 2 38 0.1 (0.46) 1.28 0.994 

 3 39 0.0 (0.26) 0.73 0.999 

 4 39 0.0 (0.49) 1.37 0.996 

 5 39 0.0 (0.35) 0.96 0.998 

Match -day 1 19 0.1 (0.33) 0.91 0.998 

 2 18 -0.2 (0.45) 1.25 0.996 

 3 19 0.1 (0.91) 2.53 0.974 

 4 19 0.0 (0.57) 1.59 0.994 
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Table 4.3 show the mean (SD) comfort scores for Weekday and Match-day 

conditions. Weekday measures were taken at four time points over 24 hours and 

+96 hours, for the five weeks of measurement. The mean values are plotted in 

Figure 4.2 and 4.3 respectively. For Weekday results, the mean scores remained 

fairly constant at 0 hours, +4 hours, +8 hours and +24 hours but increased at +96 hours in 

all weeks. The mean scores in Weeks 4 and 5 were approximately one point 

below the mean scores recorded in Weeks 1, 2 and 3 and indicated comfort 

variations between testing weeks.  

For Match-day, there was little variation in mean scores at baseline, +90 minutes and 

+3 hours but a large increase in scores at +36 hours. In Week 5 data was collected 

from only 9 participants and therefore these results were not used in the statistical 

analysis. However, the data was consistent with Weeks 1-4 highlighting no 

difference in mean sum comfort scores for time periods 0 hours and +90 minutes and 

larger differences between +3 hours and +36 hours. 

To test whether the differences in scores between time points were statistically 

significant, repeated measures ANOVA was used to examine within player 

differences. The results for Weekday and Match-day are shown in (Table 4.4 and 

4.5). 
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Table 4.3 Mean Weekday and Match-day comfort scores with standard 

deviation in brackets 

 
Weekday  

 

 
N 

 
0 hours 

 
+4 hours 

 
+8 hours 

 
+24 hours 

 
+96 hours 

Week 1 41 27.6 
(3.4) 

27.6  
(3.4) 

27.7 
(3.4) 

28.0 
 (3.4) 

29.5  
(3.2) 

 
Week 2 35 27.4 

(3.2) 
27.4  
(3.2) 

27.5 
(3.3) 

27.7  
(3.1) 

29.1  
(2.7) 

 
Week 3 37 27.6 

(4.6) 
27.6  
(4.6) 

27.7 
(4.5) 

28.0  
(4.3) 

29.0  
(4.3) 

 
Week 4 38 26.6 

(3.6) 
26.6  
(3.6) 

26.7 
(3.6) 

26.8  
(3.5) 

28.1  
(3.7) 

 
Week 5 34 26.4 

(4.2) 
26.4  
(4.1) 

26.3 
(4.2) 

26.6 
 (4.8)  

28.7 
(4.3) 

 
 

Match -day 
 

 
N 

 
0 hours 

 
+90 minutes 

 
+3 hours 

 
+36 hours 

 

Week 1 19 23.8 
(3.8) 

23.8 
 (3.8) 

23.9 
(3.9) 

26.9  
(3.8) 

 
Week 2 18 23.3 

(4.4) 
23.3  
(4.4) 

23.1 
(4.3) 

25.9  
(3.0) 

 
Week 3 19 24.0 

(3.0) 
24.0 
(3.0) 

24.1 
(2.8) 

27.5 
 (3.6) 

Week 4 19 24.1 
(3.6) 

24.1  
(3.5) 

24.1 
(3.9) 

27.3 
 (3.7) 

 
Week 5 9 26.0 

(4.2) 
26.0  
(4.2) 

25.3 
(4.7) 

28.4 
 (4.6) 
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Figure 4.2 Weekday mean comfort 
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Figure 4.2 graphs the results tabulated for Weekday lower extremity comfort. For 

time zones 0 hours, +4 hours, and +8 hours where the environment was stable there 

was no significant change in comfort scores, although Week 5 illustrates a 

reduction in comfort between +4 hours and +8 hours. The reason for this was Week 5 

was the only week where comfort dropped for this time period; however it was less 

than 0.5 comfort points. When the environment changed, at +24 hours and +96 hours (pre-

game), comfort changed significantly in an upward trend.  
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Figure 4.3 Match-day mean comfort 
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Figure 4.3 illustrates Match-day comfort. Zero hours represents the first collection of 

comfort. The data was captured a sufficient period following the match for the 

players to be in a relaxed state. Over a 3 hour period there was no significant 

change in musculoskeletal comfort. Significant changes to lower extremity comfort 

did not occur until +36 hours following +3 hours data collection, indicating with the 

passage of time, following physical exertion, comfort improves. This increase in 

comfort was the greatest change to comfort of all the time periods collected 

A comparison between Figures 4.2 and 4.3 indicates the largest change in comfort 

occured +36 hours Match-day data collection, which was attributed to the high 

intensity demands placed upon the musculoskeletal system with professional 

football and how the body resets comfort with the passage of time when the 

physical exertion is removed. Further comparisons between Match-day and 

Weekday scores are indicated by the baseline scores where for all weeks lower 
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extremity comfort was almost 2 comfort points less for Match-day scores than 

Weekday scores. This further highlights the magnitude of post match discomfort 

compared to other times when comfort is assessed during the week for 

professional Rugby League and Australian Rules players. 

Table 4.4 shows there were no statistically significant differences in the scores 

recorded at time points 0 hours, +4 hours and +8 hours. The absolute difference in mean 

scores between these time points was very small and varied from 0.00 to only 

0.11. There were differences in scores between times points 0 hours and +24 hours. 

Although these differences were significant in Weeks 1, 2 and 4, the absolute 

difference in mean scores between 0 hours and +24 hours varied between only 0.21 

and 0.37 points. 

The differences in scores between baseline and 24 hours were statistically 

significant for all weeks with mean within-player differences ranging from1.4 to 2.3 

points. There were also large differences between +24 hours and +96 hours (pre-

game). These differences, which ranged from 1.1 to 2.3 points, were all 

statistically significant. 
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Table 4.4   Weekday within-player differences 

 Time zone  Participant  

Numbers 

 

P value  

(Time)  

Mean difference 

and 95%CI  

P value 

for 

planned 

contrast  

Week 1  41 <0.0001   

 0 hours vs 4 hours   0.0 (0.0, 0.0) 1.0 

 0 hours vs 8 hours   -0.02 (-0.07, 0.03) 0.32 

 0 hours vs 24 hours   -0.35 (-0.61, -0.10) 0.008 

 0 hours vs 96 hours   -1.86 (-2.64, -1.07) <0.0001 

 4 hours vs 8 hours   -0.02 (-0.07, 0.02) 0.32 

 24 hours vs 96 hours   -1.50 (-2.20, 0.80) <0.0001 

 

Week 2  35 0.001   

 0 hours vs 4 hours   0.0 (0.0, 0.0) 1.0 

 0 hours vs 8 hours   0.11 (-0.05, 0.28) 0.17 

 0 hours vs 24 hours   0.37 (0.03, 0.71) 0.03 

 0 hours vs 96 hours   1.76 (0.74, 2.77)) 0.001 

 4 hours vs 8 hours   0.11 (-0.05, 0.28) 0.17 

 24 hours vs 96 hours   1.39 (0.37, 2.40) 0.009 

 

Week 3  37 0.073   

 0 hours vs 4 hours   0.0 (0.0, 0.0) 1.0 

 0 hours vs 8 hours   -0.04 (-0.13, 0.05) 0.37 

 0 hours vs 24 hours   -0.34 (-1.51, 0.83) 0.56 

 0 hours vs 96 hours   -1.41 (-2.75, -0.07) 0.04 

 4 hours vs 8 hours   -0.04 (-0.12, 0.05) 0.37 

 24 hours vs 96 hours  

 

 

 

 

 -1.07 (-2.07, -0.06) 0.04 
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 Time zone  Participant  

Numbers 

 

P value  

(Time)  

Mean difference 

and 95%CI  

P value 

for 

planned 

contrast  

Week 4  38 0.004   

 0 hours vs 4 hours   0.0 (0.0, 0.0) 1.0 

 0 hours vs 8 hours   -0.05 (-0.18, 0.07) 0.40 

 0 hours vs 24 hours   -0.21 (-0.42, 0.01) 0.05 

 0 hours vs 96 hours   -1.45 (-2.40, -0.50) 0.004 

 4 hours vs 8 hours   -0.05 (-0.17, 0.07) 0.40 

 24 hours vs 96 hours   -1.24 (-2.14, -0.34) 0.01 

Week 5  34 <0.0001   

 0 hours vs 4 hours   -0.03 (-0.09, 0.03) 0.33 

 0 hours vs 8 hours   0.06 (-0.07, 0.19) 0.35 

 0 hours vs 24 hours   -0.21 (-0.90, 0.49) 0.55 

 0 hours vs 96 hours   -2.34 (-3.54, -1.14) <0.0001 

 4 hours vs 8 hours   0.06 (-0.06, 0.18) 0.30 

 24 hours vs 96 hours   -2.13 (-3.64, -0.62) 0.007 

 

Table 4.5 shows the mean within-player differences from Match-day scores. The 

mean within-player differences in scores were small and not statistically significant 

between time points 0 hours, +90 minutes and +3 hours in that they ranged from zero to 

0.21 points. However, between 0 hours and +36 hours there were large increases in 

the comfort score ranging from 2.6 to 3.5 points that were all statistically 

significant. 
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Table 4.5 Match-day within-player differences 

Time zone  Participant  

Numbers  

 

P value  

(Time) 

Mean difference 

and 95%CI 

P value for 

planned 

contrast  

Week 1 19 0.001   

0 hours vs 90 minutes   0.0 (0.0, 0.0) 1.0 

0 hours vs 3 hours   -0.11 (-0.27, 0.05) 0.16 

0 hours vs 36 hours   -3.15 (-4.73, -1.58) 0.001 

Week 2 19 <0.0001   

0 hours vs 90 minutes   0.0 (0.0, 0.0) 1.0 

0 hours vs 3 hours 

24 hours vs 96 hours 

  0.21 (-0.01, 0.43) 

1.39 (0.37, 2.40) 

0.06 

0.009 

Week 3 20 <0.0001   

0 hours vs 90 minutes   0.0 (0.0, 0.0) 1.0 

0 hours vs 3 hours   -0.10 (-0.53, 0.33) 0.63 

0 hours vs 36 hours   -3.50 (-4.96, -2.04) <0.0001 

Week 4 20 <0.0001   

0 hours vs 90 minutes   0.05 (-0.06, 0.16) 0.33 

0 hours vs 3 hours   -0.01 (-0.27, 0.26) 0.96 

0 hours vs 36 hours   -3.19 (-4.43, -1.95) <0.0001 

 

  



 

107 

 

4.5 DISCUSSION 

The LLCI when used in a competitive football environment was both reliable and 

responsive to change during both a football training week and under Match-day 

conditions. The instrument of lower extremity comfort, demonstrates a novel 

approach to calculate six anatomical sites of the lower extremity (foot, ankle, calf-

Achilles, shin, knee, football boot) comfort. The instrument was validated in 

Chapter 3 within similar level athletes from the specified football codes. This 

measure of lower extremity comfort was intended to provide a tool for clinicians 

and athletes which was easy to implement providing prospective data to: 

I. Prospectively monitor lower extremity comfort at multiple anatomical 

regions, 

II. Create a baseline for comfort norms for individual players for future 

assessment,  

III. To use prospectively in the event of injury to monitor rehabilitation 

progress.  

 

The results indicate that measures of lower extremity comfort using the LLCI are 

reliable under stable conditions and are also responsive to clinical changes over 

time and therefore have an important potential in the context of monitoring player 

welfare. In the absence of any quantifiable scale, subtle changes in lower 

extremity comfort currently go undetected. The LLCI results indicated that lower 

extremity comfort can be detected and catalogued in different ways. For example 

the test period 0 hours to +24hours following Match-day will provide information on 

physiological muscle changes such as delayed onset muscle soreness and the 
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extent of an injury can be monitored to provide data on the effectiveness of 

intervention treatment strategies. The test period 0 hours to +24 hours or 0 hours to +36 

hours will provide information on player recovery from training or Match-days and 

can assist with weekly preparation for training, injury management or other 

interventions. The test period 0 hours to +96 hours (pre-game) will allow evaluation of 

how an individual player has progressed during the week, identify any new 

musculoskeletal conditions, and enable pre-game intervention strategies or even 

be used as a tool to assess selection for a match. 

Test-retest of comfort scores under the Weekday conditions showed the 

repeatability of comfort scores when the testing environment was constant, and 

how comfort changed with the passage of time. Weekday comfort analysis can be 

classified into three conditions. 

Condition 1 (measures 0 hours, +4 hours and +8 hours) involved recording of comfort on 

the same day where there were no changes to the environment in terms of 

training, or medical intervention. Under this condition ICC’s were high for comfort 

measures at 0 hours and +8 hours (Table 4.2). Given the lack of difference in comfort 

scores between 0 hours and +4 hours (Table 4.3), it was considered more relevant to 

test the ICC at a greater time interval (0 hours and +8 hours), to determine whether 

players repeated their scores. The results indicated that players were capable of 

recording comfort accurately as there were no significant changes in the scores 

between 0 hours and +8 hours. Had a difference been significant it would have 

indicated the environment changed sufficiently to alter comfort. The information 

obtained from Condition 1, which represented +36 hours following Match-day 

results, provides an insight into aspects of lower extremity comfort following 
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physical exertion. The data showed that lower extremity distress remained and 

does not alter until a significant change to the training environment. This may 

enable individualised strategies to assist post match recovery strategies. 

Condition 2 (day two measures) recorded comfort +24 hours following the first 

recording of comfort. The change to the environment included overnight sleep, 

some rehabilitation interventions, and perhaps a light training session. Condition 

3, occurred toward the end of the week, generally the day before Match-day. 

Condition 3 is +72 hours after Condition 2 and +96 hours after Condition 1 (0 hours) and 

represents a usual week of training, rehabilitation, and medical intervention where 

substantial changes to comfort will occur.  

Table 4.3 indicates within player differences for comfort measures for all three 

Weekday conditions. Condition 1 included test-retest measures at three time 

points (0 hours, +4 hours, +8 hours) where the testing environment was not subject to 

interventions. The small mean differences and narrow 95% CI indicate the comfort 

measures and there being no significant change in comfort scores (P>0.05). The 

clinical interpretation of the results where there was no change to the testing 

environment; individuals were able to repeat their comfort scores on three 

separate measurement occasions within a test session over a five week period, 

indicating the comfort measures were repeatable.  

Condition 2 (+24 hours) shows a lack of difference (P>0.0 5) for Weeks 3 and 5, but 

significant differences (P<0.0 5) for Weeks 1, 2, and 4. The statistical significance 

P<0.05 for 0 hours to +24 hours was expected because a change in environment 

occurred. These changes involve passage of time, sleep, rest and other 

physiological changes will alter neural stimuli which control comfort. Where 
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comfort changes were not significant in Weeks 3 and 5, it is thought that changes 

in the environment were not influential in altering comfort scores. Condition 3, (+96 

hours) results were consistent with Condition 2 as a result of changes to the 

environment which involved a full week of football training or rehabilitation if not 

training. Test-retest of [Condition 2 versus Condition 3] and [Condition 1 versus 

Condition 3] indicate significance (P<0.0 5) for 80% of the data. This was an 

expected outcome indicating changes to comfort over time and participants 

altering their comfort measures in response to the passage of time and 

intervention strategies. 

Conditions 1, 2 and 3, are shown in Figure 4.2 indicating five weeks of comfort 

results. For the period 0 hours to +4 hours and +4 hours to +8 hours there was no change 

in comfort scores confirming a stable testing environment, where comfort changes 

were not significant and for three testing periods, players consistently reported the 

same comfort. When the environment changed at +24 hours and +72 hours, the 

individuals were able to indicate changes to comfort and altered comfort scores 

accordingly. This illustrated the sensitivity of the LLCI as a tool to record comfort.  

The repeatability of recording comfort was assessed in a different test 

environment; Match-day conditions. For practical reasons, only three measures 

were taken over a short period of time as players regularly have post match 

commitments to attend. The results showed high ICC’s for measures between 

baseline (0 hours) and duration (+3 hours) (Table 4.2). During this period players 

relax, hydrate and take food but there is no significant change to the environment 

in terms of comfort interventions. This is indicated by the lack of change in comfort 

scores when measures were taken +90minutes later (Table 4.3). Therefore it was 



 

111 

 

considered a measurement between the first and final comfort measure suitable to 

calculate ICC’s to test whether the recording of comfort was repeatable by the 

players. 

The lack of significance for test-retest at two time points (Table 4.5) for within 

player differences for Match-day results highlight comfort did not change over a 

short period of time. For all test weeks P>0.05 for (0 hours v +1.5 hours) and (0 hours v 

+3 hours); mean differences were small and the 95% CI were narrow. However, with 

a change in the environment, the passage of time, significant differences occurred 

(P<0.01 for measures at +36 hours) for all weeks except Week 5 when only nine 

players participated. These results are represented by Figure 4.3. For the period  

0 hours to +3 hours there was no change in group mean comfort. The next test period 

+36 hours following Match-day testing, comfort scores where significantly higher 

indicating as a group, the participants were capable of differentiating comfort as 

the environment changed. 

The results confirm the hypothesis that the LLCI is a reliable method of measuring 

lower extremity comfort under two different sporting environments of Weekday 

training and Match-day playing. For two separate test conditions, Weekday and 

Match-day, when the testing environment was stable and measured over multiple 

weeks, the results show the measurement errors for all weeks were small and the 

ICC’s >0.9 provide a high level of confidence in the reliability of the method when 

used under identical test conditions (Table 4.2). The test-retest results indicate 

good repeatability for all time points examined and provide confidence that the 

LLCI for measuring lower extremity comfort is reliable in players with a wide range 
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of experience and when used under different conditions. Future analysis of the 

LLCI will involve testing the validity of the index to monitor injury (Chapter 5).  

The reliability of the LLCI provides both individual and organisation confidence the 

data collected are not random but consistent with the status of lower extremity 

comfort. Collecting LLCI data will benefit individual players by setting benchmark 

comfort scores against which to compare future discomfort. Re-coding benchmark 

comfort will also assist medical staff by quantifying the degree of comfort, an area 

of medicine which to date has not evolved in this sport.  

Current best practice for treating musculoskeletal injury within sporting 

organisations is for the medical staff to assess players for injury which is known. 

Alternatively, there is a responsibility for individual players to report any ailments. 

In large sporting organizations, such a policy, while well intended, does not result 

in full medical coverage. For example senior players often command more 

attention than younger players. Thus a measurement tool that is simple to 

administer and which covers lower extremity well being for an entire squad allows 

all players to be monitored effectively and below comfort thresholds can be 

identified by medical and conditioning staff for pre-emptive interventions.  

The nature of injury necessitates focusing upon the site of musculoskeletal 

distress. However, compensation at adjacent regions also occurs, and often 

treatment intervention of the primary area does not address subtle changes and 

compensatory function which occur at other musculoskeletal linkages. Use of the 

LLCI model enables monitoring of not only the primary area of concern but also 

any changes to adjacent musculoskeletal areas and thus enables monitoring of 

the entire lower extremity as individual segments and as a whole unit. 
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The LLCI adopted for this body of work involved the measurement of six areas. 

Clinicians and researchers need to be mindful of the amount of data collected in a 

professional football environment. There are many time restraints placed upon a 

footballer, so this body of work attempted to ensure the lower extremity data 

collected was deemed worthwhile to both footballer and evaluator. Chapter 2 and 

3 established the importance of lower extremity injury and those areas frequently 

injured. Hence, six evaluation markers was a balance between; (a) measuring 

enough anatomical segments to ensure good coverage of the lower limb and 

hence gathering meaningful data and (b) the LLCI not being onerous for football 

players to complete or medical staff to interpret. 

4.6 CONCLUSIONS 

Lower extremity injury management is an important component of sports medicine 

in both team and individual settings. The importance of comfort as a viable method 

to aid health and wellbeing is recognised as a viable method of assessing pain 

and discomfort. However, very few pre-emptive methods exist to detect 

discomfort. The use of measuring multiple anatomical areas to derive an overall 

lower extremity comfort score provides a new method of measuring lower 

extremity wellbeing.  

This study shows the use of a lower limb comfort index as a reliable instrument to 

record lower extremity comfort in a football environment. It is anticipated the index 

is not limited to professional football but have application to other sports as well as 

clinical practice for general physicians, physiotherapists, podiatrists and those 

engaged in the management of lower extremity musculoskeletal injury.  
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CHAPTER FIVE 

MONITORING OF LOWER EXTREMITY COMFORT AND INJURY IN 

ELITE FOOTBALL  

 

This chapter is supported by the publication: 

Kinchington, M., Ball, K., Naughton, G. (2010).  Monitoring of lower extremity 

comfort and injury in elite football. The Journal of Sports Science and Medicine, 

Volume 9, Issue 4, 652-663. 

5.1 ABSTRACT 

Background:  The LLCI was developed to provide a tool for clinicians and 

athletes to monitor lower extremity comfort at multiple anatomical regions.   

Chapter 4 established the reliability of the LLCI in a competitive football 

environment.  

Objectives: Examine the relation between lower extremity comfort and injury in a 

cohort of professional footballers. The hypothesis for the study was that poor lower 

extremity comfort is related to time loss events.  

 Methods : Lower extremity comfort was recorded for 182 footballers during 

competition periods for the respective football leagues (Australian Rules, Rugby 

league, Rugby Union). Comfort zones were established for each individual; poor 

(red zone) comfort (median comfort -2 comfort points); usual (black zone) comfort 

(median ±1 comfort points) and high (blue) zone comfort (median +2 comfort points).  



 

115 

 

Specifically, the study tested the extent to which comfort zones were related to 

injury (time loss events). To validate the use of comfort score, repeated measures 

analysis of variance was used to determine significant differences in injury rates 

between the zones, with post-hoc tests used to compute specific between zone 

differences. For all analyses, P<0.05 were considered statistically significant.  

Results: A total of 3524 player weeks of data was collected from professional 

footballers encompassing three codes of football. The results of regression 

indicated that poor lower extremity comfort was highly correlated to injury           

(R2 =0.77) and accounted for 43.5 time loss events /1000hours football exposure. 

While poor comfort was predictive of injury 47% of all time loss events it was not 

statistically relevant (R2 =0.18).  

Conclusions:  Lower extremity comfort can be used to assess the well-being of 

the musculoskeletal status of a footballer. Poor comfort is associated with injury. 

The LLCI has good face validity and high criterion-related validity for the 

relationship between comfort and injury. The registering of lower extremity comfort 

contributes to the injury management paradigm by offering a method to monitor 

lower extremity health prospectively and assist with decision making when injury 

occurs.    

5.2 INTRODUCTION 

The football codes require superior levels of physical fitness and skill for 

competition. Participation at all levels of football (professional, amateur, pre-adult) 

is associated with a certain risk of injury. To benchmark the level of injury risk it 

has been estimated the risk of playing football (soccer), compared with the work 
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environment, is 1000 times greater than high risk industrial occupations (Drawer & 

Fuller, 2002). Statistics from elite football leagues indicate injury epidemiology 

rates as high as 60-90% for football (soccer), 60-75% for Australian rules, 75-90% 

for rugby league and 55-80% for rugby union (Engström, Johansson, & Tornkvist, 

1991; Gabbett, 2006b; Hagglund, Waldén, & Ekstrand, 2009; Lüthje, et al., 1996; 

Orchard & Seward, 2008). A study of injury in Australian football suggested the 

high rates of injury may affect the long-term viability of playing football as potential 

players seek other forms of activity (Norton, et al., 2001). 

Injury risk modelling can be divided into extrinsic (environmental, ground surfaces, 

and training methods) and intrinsic (foot kinematics and lower extremity 

morphology) variables (Bahr & Holme, 2003; Van Mechelen, et al., 1992). The 

lower extremity has been identified as the primary region of the body vulnerable to 

injury (Chapter 3, Table 3.1), not only affecting the football codes, but also the 

majority of running based sports (Burns, Keenan, & Redmond, 2003; Gosling, 

Gabbe, & Forbes, 2008; Walden, et al., 2005; Wong & Hong, 2005). However, 

statistics on lower extremity injury vary greatly depending upon definition and 

methods of recording data. Lower limb epidemiology research is complicated by 

inherent difficulties of research design. Difficulties arise due to the vast array of 

confounders and interactions of internal and external factors that can influence 

epidemiology and biomechanical research (Bahr & Krosshaug, 2005). Divergent 

research conclusions for causes of injury are therefore likely, and difficult to 

measure. Links with injuries specific to the lower extremity and the football codes, 

include climate conditions (Orchard, 2002), ground surfaces (Gabbett, 2006b; 

Takemura, Schneiders, Bell, & Milburn, 2007), footwear (Wong & Hong, 2005), 
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kicking action (Apriantono, Nunome, Ikegami, & Sano, 2006; Baczkowski, Marks, 

Silberstein, & Schneider Kolsky, 2006) and lower extremity morphology (Gabbe, et 

al., 2004; McManus, et al., 2004). While these and like individual risk factors have 

been identified and are often appropriately managed, the separate entities provide 

an incomplete description of the mechanisms (“chain of events”), which culminates 

in injury (Bahr & Holme, 2003; Murphy, et al., 2003). 

A novel concept measuring lower extremity comfort over time, using a comfort 

index was established in Chapters 3 and 4 of this thesis. The instrument which is 

termed the Lower Limb Comfort Index, LLCI (Kinchington, Ball, & Naughton, 2010) 

provides quantitative data on the physical preparedness of an individual pertaining 

to the lower extremity. The sum of six segmental measures (foot, ankle, calf-

Achilles, shin, knee and football boot) provide a mechanism for establishing base-

line comfort for each individual.  

Previous chapters in this thesis indicate the LLCI provides a tool to: 

I. Prospectively monitor lower extremity comfort at multiple anatomical 

regions; 

II. Create a baseline for comfort norms for individual players for future 

assessment;  

III. To use prospectively in the event of injury to monitor rehabilitation progress. 

 

The theory behind the LLCI was developed in Chapter 3 and contends that pain 

(discomfort) is a neural stimulus due to the interaction of nociceptive stimulation 

and the cerebral cortex. A discomfort (pain) stimulus via the neural networks of the 

body provides information about the state of comfort. Over a lifetime of 
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experience, a databank of perceptions of pain (discomfort) is gathered from 

interrelated human experiences. Thus, pain stimulus can be considered innately 

individual, meaning different things to different people (Kolcaba & Steiner, 2000).  

The clinical application of comfort theory as a component of injury management is 

the use of a self-rating psychophysical comfort index (Figure 5.1). The setting of 

individual comfort benchmarks in sport for players can be used to monitor 

musculoskeletal health, plan for training and formulate prehabilitation and 

rehabilitation programs. If discomfort can be identified early, it may be possible to 

intervene before injury occurs. The data provide an assessment tool to inform 

individual players about the status of their own individual comfort for any 

nominated anatomical segment of the lower extremity. Data can also be useful to 

the medical teams who care for them. The outcome data if catalogued over a 

period of time would then establish baseline comfort markers, which would in turn 

act as a barometer for future assessment of comfort or discomfort. Similar 

systems are well documented including pain scales which are generally visual 

analogue scales or numerical rating scales (Williamson & Hoggart, 2005). Such 

scales are typically used reactively, following an injury event to gauge the severity 

of injury. For injury prevention, reactive measures are not beneficial. The frequent 

collection of comfort data in a state of relative comfort (prospective) enables 

cumulative episodes of comfort events to be established.  

In the environs of elite sport, a player is rarely free from musculoskeletal 

discomfort and often will contend with multiple areas of discomfort at one time. 

The LLCI provides the player and medical-conditioning staff with quantifiable 

information about the state of multiple anatomical areas and the lower extremity as 
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a whole. The index is therefore capable of capturing information about an injured 

area, and also adjacent body linkages which are subjected to compensatory 

movement. Captured data for any given week are compared to baseline comfort 

and therefore an assessment can be made about the overall state of lower 

extremity well-being.  

The aim of this study was to examine the relation between lower extremity comfort 

scores and injury and also to measure the responsiveness of the LLCI to changes 

of comfort over time. Specifically, the study tested the extent to which comfort 

zones as measured by the LLCI were related to injury measured as time loss 

events. The use of time loss is widely used in football as a measure of injury 

(Orchard & Seward, 2008). 

5.3 METHODS 

The population base for this study comprised athletes from three dominant football 

codes played in Australia (rugby league, rugby union, and Australian rules). In 

agreement with the guidelines of the Human Ethics Committee of Victoria 

University, players provided informed consent prior and letters of support for the 

study were obtained from the respective organizations.  

5.3.1 Data collection  

Of 200 recruited football players, the final sample comprised 182 players. During 

the study 18 players (9%) dropped out (five due to long term injury, two through 

transfer to other teams, and 11 were omitted because of incomplete data records. 

Data for 182 players were analysed. In total, 5033 player weeks of data were 

collected with a mean of 28 (SD 5) weeks per player. The study was conducted 
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during football competition periods for the respective football leagues and included 

a period of pre-season training.  

5.3.1.1  Lower extremity c omfort  

Lower extremity comfort was collected prospectively for the period of the study, 

using the LLCI. The LLCI was developed to provide a tool for clinicians and 

athletes to monitor lower extremity comfort at multiple anatomical regions 

(Chapters 3 and 4). A sum score for lower extremity comfort was calculated for 

each player. The score represented an aggregation of six anatomical areas (foot, 

ankle, calf-Achilles, shin, knee, football boot), totalling 36 comfort points. Each 

anatomical area was scored between 0 comfort points and 6 comfort points. A score of 0 

comfort points indicated extreme discomfort, being unable to run or jump, and 6 comfort 

points was extremely comfortable (Table 5.1).   
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Table 5.1  Lower Limb Comfort Index shows a numeric rating scale with fixed 

anchor points at key positions on the scale. Visual descriptive 

explanations provide further interpretation of the anchors relevant to 

physical requirements participating in football. 

Name: Place a score 0 to 6 in each box   

Lower 

extremity 

Comfort:  

Rank each 

body area 

from 0-6 using 

the comfort 

descriptors 

Foot  Ankle  Calf - 

Achilles  

Shin  Knee Footwear  Sum 

Comfort  

               /36 

maximum 

score  

COMFORT DESCRIPTORS 

0 = extremely uncomfortable (unable to run or jump)  

1 

2 

3= neither uncomfortable or comfortable ( neutral) 

4 

5 

6= zero discomfort (extremely comfortable; best ever feel)  

 

 

Comfort zones were individualized for each player and were determined post hoc 

using median scores from the collected data. “Post hoc” for this study was defined 

as end of season (20-30 collected events). This was a deliberate design of the 

study to allow for tracking of significant changes to comfort levels. It is possible 

zone comfort may need to be re-set for a variety of reasons including surgery, 

football conditioning, changing musculoskeletal maturity or other relevant football 

factors.  
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Three comfort zones were established for each individual footballer. Each zone 

was apportioned an arbitrary colour to reflect level of comfort. Red zone 

represented poor comfort (median comfort -2 comfort points). Black zone was 

associated with median or usual comfort (median ±1 comfort points) and blue zone was 

a measure of high comfort (median +2 comfort points), Table 5.2. The apportioning of 

the upper and lower zones was established by trials using other scores above and 

below the median. The use median ±1 comfort points were too narrow to delineate poor 

and high comfort zones because this did not allow for some fluctuation in comfort. 

Scores of median ±3 comfort points created a range too wide to establish meaningful 

outcomes. Perceptions of comfort and performance are empirical measures and 

by their nature, will vary. Therefore, a median range was deemed appropriate.  

Table 5.2 Lower Limb Comfort index (LLCI) zones 

Comfort Zone  Formula  

Red (poor comfort) median comfort -2 comfort points 

Black (usual comfort) median comfort ± 1comfort point 

Blue (high comfort) median comfort +2 comfort points 

 

5.3.1.2 Collection of comfort data  

All data were collected in a standardised manner under the supervision of the 

researcher or a club official, who was familiar with data collection protocol. 

Weekday comfort data collection occurred at the premises of participating football 

clubs in an environment that was consistent and familiar to players. Comfort data 
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were recorded on one occasion, at the same time each week, which represented 

24-36 hours post Match-days.  

5.3.2  Injury data c ollection and definitions  

Information of injury was collected by obtaining statistics gathered by fitness and 

medical staff of respective organisations. Injury data were collected routinely for 

the teams and did not represent an increase in workload for the support staff. 

Injury was defined as a time loss event. It included any event which resulted in 

absence from training or match participation. Training was defined as completion 

of a full regular training session. Match-day was defined as a competitive 

scheduled match organized by the respective football leagues. For the purposes 

of this study, a time loss event was tabled only once for any given week. Where 

two or more field based training sessions were missed, in any given football week, 

only one (1) time loss event was recorded for the week. In the study here-in, an 

activity such as a field-based rehabilitation or “off-legs” session would be 

considered a time loss event. The reasoning was where a participant does not 

fully participate in a scheduled training session, the capacity for achieving the 

same level of football skill and / or physical conditioning will be less and thus 

potentially compromise performance. This injury definition has previously been 

used in football studies (Dvorak & Junge, 2000). Furthermore, the area of 

performance and injury is examined in an extension study (Chapter 8). Only 

injuries applicable to the lower extremity (knee, shin, calf-Achilles, ankle, foot and 

any combination thereof) were recorded. Any injuries outside the areas described 

were not classified as time loss events. 
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Injury incidence was used to define the onset of a new injury (Orchard & Seward, 

2008). This study was not concerned with injury reoccurrence, but rather the 

merits of the association between comfort and injury (time loss event). Once a full 

training session was completed or match participation resumed, the player was 

considered free from injury. Therefore, injury reoccurrence definitions were not 

applied. Where injury reoccurred following a return to one regular training session 

or match, any subsequent time loss event were treated as a new injury. 

Time loss events were classified three ways:  

I. Injuries /1000 hours football exposure;  

II. Predicted time loss events (Predicted TLE); 

III. Known time loss events (Known TLE). 

Injuries to the lower extremity / 1000hours are commonly used to compare injuries 

relative to exposure and enable comparisons to be made to other football related 

studies and other sports (Dvorak & Junge, 2000; Hagglund, Waldén, & Ekstrand, 

2003). This study compared lower extremity comfort zones (poor, usual and high) 

to injury / 1000 hours football exposure. This enabled quantitative comparisons 

between levels of comfort and injury.  

Classifying time loss events into Predicted TLE and KnownTLE enabled a 

determination of whether poor comfort was predictive of injury. A Predicted TLE 

was an injury occurring during the football week (training sessions or match) 

following the recording of poor (red zone) comfort (Predicted TLE = LLCI data pre 

injury). Such injuries are generally non-contact or overuse in nature. An example of 

a Predicted TLE is poor (red zone) calf muscle comfort or midfoot pain which is 

registered using Table 5.1, pre-training or match, and the player subsequently 
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proceeds to a time loss event during the ensuing football week. A Known TLE was 

as an injury occurring before the recording of lower extremity comfort          

(Known TLE = LLCI data post injury).These injuries are generally contact in nature or a 

planned decision to rest a footballer from training or a match due to 

musculoskeletal discomfort. When a KnownTLE is determined, the lower extremity 

comfort score provides confirmation of discomfort and the limitations on physical 

activity (Table 5.1 comfort descriptors). 

5.3.3 Statistical m ethods  

Data were analysed using SPSS v15.0 for Windows (2004). For all analyses,       

P<0.05 were considered statistically significant. Continuously distributed variables 

were summarized as means, standard deviations (SD) and 95% confidence 

intervals (95% CI) where appropriate. To describe the sample, summary statistics 

of the mean and median comfort score were computed together with the mean 

and median percentages of how many days players fell in poor (red), usual 

(black), or high (blue) comfort zones. Additional mean and median scores of time 

loss events and events in each zone injured, no injury events, injury prevalence, 

predicted injuries and injury mechanism were also computed. To display results 

graphically, box plots were used to compare outcomes between groups. In the 

plots, the dark line represents the median value, the box represents the 25% to 

75% percentiles, and the whiskers show the range. Data points more than 1.5 

times above or below the inter-quartile range are marked as outliers. Scatter plots 

were used to display relationships between two continuous variables. The degree 

of the association between continuous variables was described using Pearson’s 

correlation coefficient (r) or the R square value from a linear regression model. 
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Categorical data such as rates of injury were summarized using percentages. To 

validate the use of comfort score, repeated measures analysis of variance was 

used to determine significant differences in injury rates between the zones, with 

post-hoc tests used to compute specific between zone differences. Analysis of 

variance is robust to some departures from normality but because the data were 

not entirely normally distributed, a Friedman's non-parametric repeated measures 

test was used to verify that the P values were not biased towards statistical 

significance. 

5.4 RESULTS 

Anthropometric data for participants were: age: mean 24.3 years (SD 3.6), mass 

94.7kgs (SD 11.0); height 185.4 cm (SD 6.3). No significant differences in 

anthropometric measurements between the three different codes of football 

existed. The players from three codes of professional football were well matched 

for age and height. There was a large difference in weight between players from 

Australian Rules and the rugby codes but had no effect on the results (Table 5.3). 

The differences in body types between the football codes, is due to the nature of 

the football codes. Australian Rules football is a high volume running game 

(Norton, et al., 2001) compared to the collision and heavy contact associated with 

the rugby codes (King, Hume, Milburn, & Guttenbeil, 2010). 
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Table 5.3   Characteristics of participants 

 Age (years)  

Mean (SD) 

Height (cms)  

Mean (SD) 

Mass (kgs)  

Mean (SD) 

Australian Rules Football  24.7 (4.2) 186.7 (6.7) 86.5 (8.1) 

Rugby League  23.8 (3.1) 184.3 (5.6) 97.9 (8.9) 

Rugby Union  24.8 (3.3) 185.2 (6.8) 102.4 (10.7) 

 

 

5.4.1 General lower extremity comfort of 182 professional f ootballers  

 

Figure 5.1 Lower extremity comfort for 182 professional footballers classified 
into poor (red zone) comfort, usual (black zone) comfort, and high 
(blue zone) lower extremity comfort categories. 
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Figure 5.1 shows the box plots for the lower extremity comfort events for all 

players. Usual (black zone) comfort had a median value of 15 events (range 1 to 

42) per player. Poor (red zone) comfort had a median of six events (range 1 to18) 

and high (blue zone) comfort had a median of four events (range 1 to 17) 

indicating variations around median comfort range (black zone comfort). Usual 

comfort, calculated by median ±1 comfort points for each player, accounted for 58.6% of 

all comfort events (N=5033). Within the professional football environment 

examined, 23% of comfort scores recorded was categorized as poor (red zone) 

comfort, which corresponds closely with the number of time loss events (25.6%), 

recorded over the study period. Only 18% of players recorded high (blue zone) 

comfort responses, indicative of the demands placed upon the lower extremity 

musculoskeletal system associated with football participation. 

5.4.2 Relation between comfort and injury for the football c ohort  

The relation between lower extremity comfort and injury was examined by: 

I. Calculating lower extremity injury incidence/1000hours football exposure  

II. Analysing lower extremity comfort zones and time loss events  

(Predicted TLE and Known TLE) 

III. Determining the capacity of poor comfort to be predictive of injury 

 

5.4.2.1 Lower extremity injury I ncidence/1000  hours  football 

exposure  

Overall injury for the study was calculated as 65.8 time loss events /1000 hours 

football exposure. Figure 5.2 shows the associate between comfort zones and 

time loss events using injuries/1000 hours of football exposure. Data for all players 
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was analysed separately and collapsed into the three comfort zones. The 

incidence of injury was 43.5 time loss events / 1000 hours of football exposure when 

lower extremity comfort was poor (red zone). The injury incidence rate was only 

14.1/1000 hours for usual (black zone) comfort and 2.3/1000 hours when lower 

extremity comfort was high (blue zone). The results show poor lower extremity 

comfort was the major contribute to overall lower extremity injury. The low injury 

incidence when comfort was within the usual (black zone) comfort range or high 

(blue zone) comfort range, shows the possible protective role comfort may have 

against injury.  

There were no significant differences in injuries/1000 hours between the different 

codes of football studies; although Australian Rules had less injuries/1000 hours 

(50.9) compared to the Rugby codes (Rugby Union, 68.9; Rugby League, 67.4). 

The reason for high injury exposure in the rugby codes were due to the collision-

contact nature of injury sustained compared to more non-contact injuries for 

Australian Rules. 
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Figure 5.2 Lower extremity comfort and injury/1000 hours of football exposure for 

182 professional footballers. 

 

 

5.4.2.2 The influence of comfort zones on all injury 

(predicted TLE and k nown TLE) 

 

Figure 5.3 shows poor (red zone) comfort was associated with the largest number 

of time loss events. When the group (N=182) recorded poor lower extremity 

comfort, the median time loss (injury) was 5.75 events. 
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Figure 5.3 Time loss events (injury) classified by lower extremity comfort zones; 

poor (red zone), usual (black zone), and high (blue zone), for 182 

professional footballers. 

  

 For usual (black zone) comfort the median time loss was 1.0 event and for high 

(blue zone) comfort, the median time loss was zero events. The range of time loss 

events for poor comfort (red zone) was 0-14 events, with 50% of time loss 

between 3 and 8 time loss events. The majority of usual comfort (black zone) 

injury events were in the range 0-2 and zero when respondents registered high 

(blue zone) comfort. The data indicates when players recorded high comfort 

scores; there were no time loss events (injury) due to lower extremity discomfort 

except for five outliers. The injury data obtained from the classification of comfort 

into three zones is clinically relevant regardless of the injury type (Predicted TLE 

and Known TLE) because it quantifies discomfort, enabling clinicians to monitor the 

status of players, and implement programs to ensure an athletes lower extremity 

comfort is well maintained.  
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Figures 5.4, 5.5, and 5.6 and Table 5.4 further explore the relationship between 

comfort zones and time loss events. The scatter plots illustrates that time loss 

events were strongly associated with poor (red zone) comfort (R2 = 0.77) and not 

significant with usual (black zone), R2 = 0.48 or high (blue zone) comfort (R2 = 

0.15).  

Table 5.4 confirms time loss events were significantly correlated to poor (red), 

usual (black) and high (blue) comfort scores. The strongest correlation was for 

poor (red) comfort scores, followed by usual (black) comfort scores. Although the 

P-value for high (blue zone) comfort was statistically significant for injury, the 

correlation coefficient remained low (0.39) which indicated that only 15% of the 

variation in all time loss events was explained by high (blue) comfort events. The 

high P-value is due to small values quickly become statistically significant with a 

large sample. The R2 value is more relevant. In general in clinical work, 0.39 is 

considered a weak correlation (Zou, Tuncali, & Silverman, 2003). 
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Table 5.4 Correlation between all time loss events and poor (red zone), usual 

(black zone) and high (blue zone) comfort events in 182 players. 

 

 Pearson 

correlation 

coefficient  

Linear 

regression  

R2 value  

P value  

Poor (red zone) comfort 

correlation to injury  

0.88 0.77 <0.0001 

Usual (black zone) comfort 

correlation to injury  

0.69 0.48 <0.0001 

High (blue zone) comfort 

correlation to injury  

0.39 0.15 <0.0001 

 

Figure 5.4 Relationship between poor (red zone) comfort and time loss events 

(injury).  
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Figure 5.4 shows a small number of time loss events when poor (red zone) 

comfort events are low. For example, the number of time loss events was small 
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when poor (red zone) comfort events (0 and 2) were low. As the number of poor 

comfort events increased, there was a corresponding increase in time loss events 

(injury) with a strong linear relationship (R2 = 0.77) between poor comfort and all 

time loss events recorded by the group.  

 

Figure 5.5 Relationship between median-usual (black zone) comfort and time 

loss events (injury). 

Usual (black zone) comfort events
0 2 4 6 8 10 12 14 16

Al
l t

im
e l

os
s e

ve
nts

 (i
nju

ry
)

0

5

10

15

20

25

30

R2 = 0.48
P<0.0001

 
 



 

135 

 

Figure 5.6 Relationship between high comfort (blue zone) and time loss events 

(injury).     
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As comfort improved as described in Figure 5.5 (regular comfort v time loss 

events) and Figure 5.6 (high comfort v time loss events) the number of time loss 

events (injury) was fewer. As a consequence, there was a weaker relationship for 

time loss events between black zone comfort and all injury events recorded by the 

group (R2 = 0.48). Figure 5.5 shows 108 time loss events could not be accounted 

for by usual (black zone) comfort (zero) events. In usual (black) zone comfort, the 

majority of time loss events were 0-4 comfort events, whereas for poor (red) zone 

comfort, the majority of time loss events occurred between 4-8 comfort zone 

events. Similarly, a weak relationship was observed for high (blue) zone comfort 

and time loss events (R2 = 0.15), with 161 time loss events not associated with 

high comfort. The clinical significance of these results is that poor comfort (red 
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zone) is a measure of injury and subsequent time loss events, while high comfort 

(blue zone) is protective against injury. 

 

5.4.2.3 Determining the capacity of poor comfort to be 

predictive of i njury  

Two aspects of assessing relation between poor comfort and time loss events 

were assessed: 

I. Those occasions where poor (red zone) were not well correlated with injury 

was examined to test the inverse relationship of a poor comfort association 

with injury. In these situations, the individual footballers reported poor 

comfort scores, but were still capable of participating in full training 

sessions and matches. Figure 5.7 shows the sensitivity of comfort in the 

determination of injury; i.e. where poor (red zone) comfort zones had a 

weak correlation to time loss events.  
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Figure 5.7 Poor (red zone) lower extremity comfort not associated with injury 
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Figure 5.7 shows when two poor (red zone) comfort events were registered, poor 

comfort was not predictive of time loss on 1-2 occasions. At the other end of the 

graph, on the 18 occasions, poor (red zone) comfort was recorded, poor comfort 

was not predictive of injury on only four occasions. The maximum number of times 

poor comfort was associated with no time loss events was eight. The weak 

correlation (R2 = 0.16) between poor (red zone) comfort and no time loss events 

provides confidence the method of measuring comfort by use of the LLCI is a valid 

test of determining time loss events. Where poor comfort did not result in missed 

training or match, this can be attributed to player discomfort not being clinically 

important enough to prevent full training or match participation. 
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II. Poor lower extremity comfort as a predictor of injury (Predicted TLE) 

To assess whether lower extremity comfort was predictive of injury, player comfort 

data was extracted from all injury data to examine individuals who sustained an 

injury in the week following comfort data collection. Correlations were made 

between the incidence of new non-contact time loss events and comfort events 

recorded immediately before injury incidence (Figure 5.8).  

Figure 5.8 Injury predicted by poor (red zone) lower extremity comfort 
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While, a weak correlation between non-contact time loss events and prediction of 

time loss events (Predicted TLE = LLCI data pre injury) was calculated (R2 =0.18), poor 

(red zone) lower extremity comfort was predictive of injury on 47% of occasions. 

Of the 423 non-contact events recorded, 202 injuries were predicted by poor (red 

zone comfort). While the result does not have high statistical correlation, the result 

has high clinical relevance for those who deal with musculoskeletal injury. With 

caution, poor (red zone) comfort as a measured by using the LLCI can be used as 
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a clinical tool to manage training and prehabilitation strategies to ensure poor 

comfort does not progress to time loss events. 

5.4.3 Case studies of comfort and time loss e vents 

To illustrate comfort variations over a given time period within the study, data was 

extracted for three players who were considered representative of the group. 

Player A, (Table 5.5); Player B, (Figure 5.9); and Player C, (Figure 5.10) show 

how overall lower extremity comfort fluctuated throughout the study and the effect 

on time loss events. The measure of individual anatomical segmental comfort data 

(Table 5.8 and Figure 5.9) provided information on how segmental comfort 

contributed to overall lower extremity comfort and highlights the importance of 

measuring multiple segments. The information provides data on how pain 

responses at one segment, due to injury, affects comfort at another segment. 

Figure 5.10 illustrates how training participation patterns and time loss events can 

be tracked over a timeline and provides a direct comparison between comfort and 

time loss events. 
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5.4.3.1 Case study p layer A  

Table 5.5 Lower extremity comfort scores over a 25 week period for one 

player. Highlighted cells indicate poor comfort scores. 

 Week Foot  Ankle   

Calf -

Achilles  Shin  Knee  Footwear  
Sum 

Comfort  

  

Comfort 

score 

Comfort 

score 

Comfort 

score 

Comfort 

score 

Comfort 

score 

Comfort 

score (maximum 
score=36)  

1 6 5 3 5 5 6 30 

2 6 5 4 5 5 6 31 

3 6 5 3 5 5 6 30 

4 5 5 4 5 5 6 30 

5 5 5 3 5 5 6 29 

6 5 5 5 5 5 6 31 

7 5 5 4 5 5 6 30 

8 5 5 3 5 2 5 25 

9 5 5 3 3 3 5 24 

10 5 5 3 5 2 5 25 

11 5 3 5 5 3 5 26 

12 5 3 5 5 4 5 27 

13 5 5 4 5 4 5 28 

14 3 5 4 5 4 5 26 

15 3 5 4 5 5 5 27 

16 3 5 4 4 5 6 27 

17 2 5 4 5 5 6 27 

18 2 5 4 5 5 6 27 

19 5 5 5 5 5 5 30 

20 5 5 5 5 5 6 31 

21 5 5 5 5 5 6 31 

22 5 5 5 5 5 6 31 

23 5 5 5 4 5 6 30 

24 5 2 5 5 3 6 26 

25 5 2 5 5 3 6 26 

Median  5 5 4 5 5 6 28 
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Number 
of Poor 
Comfort 
Scores 

Foot 
   5 

Ankle  
    4 

Calf-
achilles 
    6 

Shin 
   1 

Knee 
    6 

Footwear  
      0 

Lower 
extremity 
      6 

High 
(blue) 
comfort   

Median Score 

+ 2 comfort 

points >29       

Usual 
(black) 
comfort  

Median Score 

± 1 comfort 

points  
27--29       

Poor 
(red) 
comfort  

Median Score 

- 2 comfort 

points <27       
 

Table 5.5 shows data for Player A, who was selected at random from the cohort. 

Comfort scores for individual anatomical segments (foot, ankle, calf-Achilles, shin, 

knee, footwear) provided a sum comfort score for a given week. The data 

collection was repeated weekly for the representative case over a 25 week period. 

Medians for each anatomical segment (foot, ankle, calf-Achilles, shin, knee, 

footwear) and overall comfort of the lower extremity were calculated. Using the 

formula (Table 5.2), comfort zones were then established; poor (red zone) comfort 

were calculated as scores <27 comfort points. Usual (black zone) comfort range was 

inclusive of scores 28 ± 1 comfort point. High (blue zone) comfort was assigned to 

scores >29 comfort points. Individual anatomical segmental medians were also 

calculated.  

Comfort data for Player A, indicated the calf-Achilles complex was the least 

comfortable region of the lower extremity, while all other sites had a median of 5 

comfort points. During the collection period, scores fluctuated around the median for all 

of the individual anatomical segments. These scores were representative of group 

data comfort variations over the 25 week collection period. Lower extremity 
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comfort was recorded as poor (red zone) on six occasions due to knee, calf and 

ankle discomfort. The highlighted cells within the table, for both individual 

anatomical segments and sum comfort, represent scores less than median for the 

anatomical segments which equate to poor comfort. 

5.4.3.2 Case study p layer B  

Figure 5.9 is representative of how overall lower extremity comfort at different 

anatomical regions of the body changed over a period of 25 weeks. Lower 

extremity discomfort registered by Player B, shows the effect of shin discomfort 

(week 8) and overall lower extremity comfort which reduced from 29 comfort points 

pre-incident to 26 comfort points. The incident was a contact event sustained in a 

match and subsequently registered by the player as poor (red zone) comfort. The 

incident resulted in a time loss event during week 8. This example represents an 

occasion where the injury was classified as a Known TLE as the incident occurred 

prior to the recording of comfort (Known TLE = LLCI data post injury).  
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Figure 5.9  Representative case study of a known time loss event. The x-axis 

represents player comfort weeks, 1-25; the y-axis comfort scores  

                     0-35. 

 

Overall lower extremity comfort reduced from a median score of 29 comfort points, to a 

poor (red zone) comfort (26 comfort points). Lower extremity comfort did not return to 

usual (black zone) comfort range until week 11. The Known TLE between weeks 8-

11 were associated with poor (red zone) comfort for the lower extremity due to 

shin discomfort (less than median 5 comfort points). When lower extremity comfort 

returned to usual (black zone) range in week 11, a return to full training and 

Match-day participation occurred.  

To illustrate the effect of musculoskeletal compensation due to comfort variations, 

the time loss event which was attributed to poor shin comfort also affected calf 
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comfort (weeks 8-10). At the time of injury, shin comfort fell from 5 comfort points to 2 

comfort points. Calf-Achilles comfort fell from 5 comfort points (week 7) to 3 comfort points (week 

9) and did not return to usual comfort until week 11. The graph illustrates that as 

the footballer returned from injury, the overall lower extremity comfort remained 

within the player’s usual (black zone) comfort range for weeks 11-25, not missing 

any further training or matches due to lower extremity injury. Shin comfort did not 

return to pre-injury comfort until week 15. 

5.4.3.3 Case study p layer C  

Figure 5.10 Shows lower extremity comfort, participation in training sessions, 

time loss events, predicted and known injury events for one player 

whose data were representative of the sample. The x-axis 

represents player comfort weeks, 1-25; the y-axis comfort scores    

0-35. 

 

  

31 31 32 
30 30 

28 28 
30 31 

26 26 25 26 
29 29 30 30 30 30 30 30 30 29 28 

30 

0 

5 

10 

15 

20 

25 

30 

35 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

Lower limb comfort 

Training 

 Time Loss Events 

Predicted time loss events 

 Known time loss event 

No assocaition between red zone comfort and time loss event 



 

145 

 

Figure 5.10 shows the pattern of training participation, time loss events, Predicted 

TLE and Known TLE for data of a player who was represenattive of the group. The 

median lower extremity comfort score for Player C, calculated over a period of 25 

weeks was 30 comfort points. A score of median -2 comfort points, indicated poor comfort. A 

score of median + 2 comfort points was labelled high comfort. Where comfort scores 

were within usual comfort range (29 comfort points to 31 comfort points) or higher, full 

training participation occurred over the period. On only one ocassion a high score 

of 32 comfort points was recorded in week 3. This highlighted the demands of 

professional football on the lower extremity and supports the group data (Figure 

5.1) where high lower extremity comfort is infrequent during in-season football. 

Poor comfort occurred in weeks 6, 7,10,11,12, 13 and 24. In all weeks of poor 

comfort, time loss events were recorded except for week 24, during which poor 

(red zone) comfort was not associated with a time loss event. Two new time loss 

events occurred in weeks 6 and 10, during which poor (red zone) comfort, was 

predictive of injury (Predicted TLE = LLCI data pre injury). In weeks 7, 11-13 time loss 

events were classfified as Known TLE as these weeks followed new injury events in 

weeks 6 and 10. 

 

5.5 DISCUSSION 

The results from this study indicated a strong relationship between poor lower 

extremity comfort and injury when defined as a time loss event. The use of a 

comfort index (LLCI) was a novel method of prospectively monitoring lower 

extremity comfort in a cohort of elite footballers from three different football codes. 

The comfort index was sensitive in assessing comfort by cataloguing fluctuating 
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comfort scores for 182 professional footballers and the creation of high and low 

comfort tiers around a median comfort score to examine the relationship between 

comfort and injury. The concept of lower extremity comfort has important 

relevance for future use in research and in clinical practice. High comfort scores 

can be interpreted as high comfort aligned to a protective mechanism for lower 

extremity injury.  

This body of work is unaware of comfort as a concept previously being used 

prospectively in a comfort rating scale applied to the lower extremity for elite or 

amateur sport. However, psycho-physiological comfort ratings have been used in 

professions such as nursing (Chiu & Wang, 2007) and military (Mundermann, et 

al., 2003b) to assess footwear comfort. An advantage of the LLCI is the 

prospective recording of comfort. When an injury occurs, a discomfort event can 

be compared to a catalogue of comfort experiences (baseline comfort), providing a 

measure of the severity of the injury. Such information and recall is not possible 

with reactive pain scales if there is no injurious experience on which to draw upon. 

For example, where an injury occurs to a region of the body never before injured 

or damaged outside a discernable recall period, the player has no available 

measure to gauge the level of discomfort, if benchmark comfort has not been 

established. A perceived advantage of measuring multiple anatomical sites rather 

than an overall lower extremity comfort value is the capacity to monitor multiple 

anatomical sites at the same time. This approach offers a monitoring tool for 

adjacent regions when injury occurs. The case studies show how compensatory 

musculoskeletal function will occur when discomfort and injury affects the body. In 

the present study, lower extremity comfort variability was attributed to six 
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segmental comfort regions providing an overall sum comfort score. The results 

provide the first insight into how the demands of elite football effects lower 

extremity comfort. High comfort was registered by players only 18% of all comfort 

recordings, while poor comfort was recorded 23% of occasions. Poor comfort was 

strongly correlated to injury (R2 = 0.77) and high (blue zone) comfort had a weak 

correlation (R2 = 0.15). The use of a tiered comfort system, poor (red), usual 

(black), and high (blue) zones further quantifies comfort data. Where a player falls 

into a comfort zone lower than the median range, the index acts as a warning 

system for both the player and the management team. The use of a median score 

for each player instead of an average score to determine zones provided a middle 

range score and was more accurate when data were non-normally distributed. A 

post-hoc analysis of all players indicated the median and range for zones was 

consistent with mean and standard deviation for majority of participants.  

Usual (black zone) comfort as determined by median ±1 comfort points enabled a 3 

comfort point spread. This allowed for some variation within the zone of usual comfort 

as comfort variations occur due to pain stimuli via the neural networks of the body 

(Karoly, et al., 1987). A spread of 4comfort points between poor (red zone) comfort and 

high (blue zone) comfort enabled the capture of extreme comfort values for each 

player.  

The interpretation of the study data, suggests comfort does play a part in injury. 

Figure 5.1, highlights the spread of comfort and may represent the physiological 

adaptation of the lower extremity to the demands of professional football. Usual 

(black zone) comfort which was calculated as a 3 comfort points spread around the 

median may be representative of a theoretical comfort threshold required for 
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individuals to avoid injury associated with lower extremity discomfort. This is an 

area of future research which was outside the scope of this study. 

Of the 5033 collected events for 182 players usual (black zone) comfort accounted 

for 58.6% of all comfort events. Comfort scores greater than the median ±1 comfort 

points resulted in no time loss events except for five outliers, however lower 

extremity scores less than the median range resulted in a significant number of 

time loss events (R2 =0.77). This may indicate high comfort scores act as a 

protective mechanism against lower extremity injury, but poor (red zone) comfort 

does not. It is acknowledged this premise can only relate to non-contact injuries. 

The incidence of injury, 65.8 injuries/1000hours reported in this study was greater 

than some reported injuries in the rugby league, 44.9/1000hours (Gibbs, 1993) and 

a ten year average in Australian Rules, 41.7/1000hours (Orchard & Seward, 2008), 

but less than other studies involving rugby league 160.6 /1000hours, (Gabbett, 

2000) and rugby union 83.9/1000hours, (Fuller, Laborde, Leather, & Molloy, 2008). 

However, different injury definitions and study designs will affect outcomes. The 

use of time loss events to describe non participation in full training (Drawer & 

Fuller, 2002; Hagglund, et al., 2009) may have inflated injury rates. The use of 

time loss to define injury is increasingly used in football studies because it takes 

account of injuries most likely to affect a player’s health and performance 

(Chomiak, Junge, Peterson, & Dvorak, 2000). For this study, time loss event was 

defined as not being able to take part in a regular training session or match 

because non-participation was considered to affect performance outcomes. The 

premise for the effect of non training participation and performance is to be 

investigated by the authors as an extension of this study (Chapter 8).  
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The recording of time loss events to the knee and below were based on two 

criteria: the LLCI was not tested during development to include other anatomical 

locations such as the groin or hip and the inclusion of more areas would have 

created an index which was overly complicated, from a time to complete 

perspective. Moreover, the majority of injuries sustained in most running sports 

involve the anatomical segments used in this study (Chomiak, et al., 2000).  

A perceived limitation of the LLCI was not including hamstring, groin, pelvic and 

back injury as a consequence of lower extremity comfort. A separate assessment 

of injuries sustained by one of the organizations participating in the study indicated 

that of 17 hamstring injuries sustained over a 30 week period, the LLCI was 

predictive of time loss hamstring events on 8 (47%) occasions. This snapshot of 

injury outside the parameters of the LLCI may provide some insight to pain 

inhibition responses. It is possible that hamstring injury was due to compensatory 

function for lower extremity discomfort. While supportive evidence exists for 

neurophysiologic compensatory theory, the effect of musculoskeletal discomfort at 

one anatomical segment being associated with injury at a different anatomical 

segment requires further investigation.  

The capacity to use comfort in two ways, as a method to predict injury (Predicted 

TLE) or to categorize the extent of a known injury (Known TLE) by observing the 

comfort scores provides a mechanism to more capably manage an athlete in 

either a proactive sense (Predicted TLE = LLCI data pre injury), or manage poor lower 

extremity discomfort when it is known (Known TLE = LLCI data post injury). A time loss 

event initially labelled a Predicted TLE will become a Known TLE in subsequent 

weeks where a player does not return to regular training (Figure 5.10). Therefore, 

as time loss events in the study were a combination of Known TLE and Predicted 
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TLE, the capacity of poor (red zone) comfort to predict injury was not statistically 

significant (R2 =0.18). However, conclusions about the LLCI lacking face validity 

for injury prediction should not only be interpreted by statistical validity but also by 

clinical application. Figure 5.10 indicated for two new injury events in weeks 6 and 

10; poor (red zone) comfort was predictive of injury (Predicted TLE = LLCI data pre 

injury). For the entire study, on 47% of occasions, time loss events were predicted.  

The football organisations involved in this study generally had good intervention 

programs, therefore many of the time loss events were Known TLE. The case study 

(Figure 5.9) was considered representative of a Known TLE which occurred in the 

study. In the example provided poor (red zone) comfort was used to not only 

assess the site of injury (shin), but also comfort levels of adjacent anatomical sites 

(foot, ankle, calf-Achilles, knee and footwear) due to the injury. Calf comfort 

reduced following shin injury. While there may be many reasons for a reduction in 

calf comfort, compensatory movement patterns and protective responses to 

unload the injured region are speculated. The use of a multi-segment lower 

extremity comfort measure provided a barometer to assess comfort for return to 

full training participation which did not occur until week 11. Further, the site of 

injury did not return to pre-injury comfort level for some weeks following the 

incident, which highlights the benefit of how prospective measures of comfort 

provides medical and conditioning staff with quantitative data to implement more 

targeted intervention programs.  

In the study all time loss events were highly correlated with poor (red zone) 

comfort (R2 = 0.77; P<0.0001). However, there were occasions where poor 

comfort had a weak correlation time loss events (R2 = 0.16; P<0.0001). Where 



 

151 

 

poor comfort was not associated with a time loss event; the group examined in the 

study was capable of full physical activity. This creates a dilemma for medical staff 

about how to manage the athlete. While player baseline comfort can be compared 

to comfort at the time of injury to enable quantification of the injured zone and 

adjacent anatomical segments not directly affected by injury, the study shows that 

where poor comfort is registered, there is a high correlation with injury. Thus, the 

challenge for the clinician is to process all available information, to enable an 

informed decision about the potential for injury with continued participation where 

poor lower extremity comfort is registered. The use of lower extremity comfort 

scores may offer one additional method of assisting with decision making. 

5.6 CONCLUSIONS 

The LLCI was developed to provide a tool for clinicians and athletes to monitor 

lower extremity comfort at multiple anatomical regions. The registering of lower 

extremity comfort scores using the LLCI provides a series of signposts for players 

and medical staff which contribute to the injury management paradigm. A method 

to monitor lower extremity health prospectively as well as assisting with decision 

making when injury occurs is offered by implementing the LLCI.  

The application of the comfort zones provides both health professional and 

footballer with the knowledge that an unacceptable lower extremity comfort score 

is a LLCI score of two comfort points less than median comfort, which can be 

visually shown as a red zone. This zone is associated with injury. The comfort 

index has high face and criterion-related validity as a clinical tool with which to 

measure the lower extremity well-being of players. By quantifying lower extremity 

comfort into high, usual and poor comfort zones, the study was capable of 
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identifying the role of lower extremity comfort on injury in three elite codes of 

football regularly played in Australia.  

The monitoring of lower extremity comfort data as one entity as well as individual 

anatomical segments offers a comprehensive overview of lower extremity health 

status for football and may be used to assist with rehabilitation strategies and 

return to activity plans by quantifying comfort. The main advantages of the LLCI 

are its ease of implementation, the clarity of the information collected and most 

importantly, the direct clinical application of the information to the performance of 

individual players. The categorisation of players into high and low injury risk 

groups for any given Weekday or Match-day training based upon lower extremity 

comfort will facilitate critical clinical decisions about rehabilitation, medical 

interventions and training loads. Such decisions are likely to have a major 

influence on the reduction of injury events and on player performance. 
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