
1 
 

 

 
 

 

    Groin and Hip Complexities: Is Prevention viable? 

 

 

By  

Helen B. Millson (MCSP; M. Phil Sports Physiotherapy). 

 

 

 

 A thesis submitted to the University of Kent in fulfilment of the 

requirements for the degree of Professional Doctorate in Sport, 

Exercise and Health Science.  

 

 

School of Exercise and Health Sciences  

University of Kent 

 

 

 

                                                       November 2020 



2 
 

Foreword 

The initiation of this thesis is based on my 13 years work with Premier League Football as a 

Medical Advisor to Insurers for all the Football Clubs (and other elite sports). Groin and hip pain 

ǿŀǎ ŀ ŎƻƴǎƛǎǘŜƴǘ ŦŀŎǘƻǊ ŀƴŘ ŀ Ǉƻƛƴǘ ƻŦ ƻƴƎƻƛƴƎ ŘƛǎŎǳǎǎƛƻƴ ǿƛǘƘ ǘƘŜ /ƭǳōΩǎ ƳŜŘƛcal personnel who 

requested that I publish a Groin and Hip Handbook (2012), following on from my 2 Handbooks 

with the latest evidence on Knees. The Groin / Hip Handbook consisted of 239 latest studies, as 

ǿŜƭƭ ŀǎ άōǳƭƭŜǘ Ǉƻƛƴǘǎέ ŦǊƻƳ мн LƴǘŜǊƴŀǘƛƻƴŀƭ {ǇŜŎƛalists. Subsequently, I gave many presentations 

based on my newfound knowledge which ultimately led to the request that I undertake this 

Professional PhD. 

Not only has this time with the thesis been a fascinating journey whereby I have learnt from the 

multitude of ongoing studies, but also going to all the National and International Conferences on 

groin and hips and learning from the renowned Specialists. Further, my background of being the 

physiotherapist for many Provincial and South African Sports teams has given me a very practical 

approach to the complexity of the groin and hip problem. Thus I believe that combining these 

elements i.e. evidence-based medicine, knowledge from Conferences and my practical 

experience, has contributed to a significant and exceptional journey with this thesis. 

I am passionate about sharing my newfound knowledge with all my colleagues, including 

Orthopaedic Surgeons, Post-graduate Sports Doctors and Physiotherapists, Biokineticians and all 

medical personnel managing sports patients, both nationally and internationally. Also to Coaches 

working with recreational and elite sports. Thus it is not only the Professional Doctorate itself, 

but also the contribution I can make to my profession and to the field of sports medicine. 

My professional journey in the sporting arena has been very fulfilling and the increasing learning 

and ongoing knowledge of each sport and each position therein, has been challenging and most 

rewarding. This Professional PhD is the climax of my profession.  

My sincere thanks to Professor Passfield whose positive approach and direction with this thesis 

has been invaluable. Also thanks to Janine Gray (PhD) for her insightful contribution and my 

family and friends who have always supported me along the way. 

I will continue with my love of learning and ongoing knowledge and hopefully contribute to the 

constant changes and upgrades in our medical profession. 
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My greatest passion is to share my ongoing knowledge with all sectors of people and thus 

have been giving Presentations / Workshops to all my colleagues including Orthopaedic 

Surgeons, Physicians, Hip Surgeons, Sports Physicians, SEMS Masters doctors, Masters 

Physio students, Physios, Biokineticists, Nursing and Occupational Therapists. Also to 

coaches of all different sports in the Townships / Informal settlements. 

 

The most presented topic and a strong passion of mine is that of άMedico-Legal Ethical 

issues in Elite sportsέ, which I have been giving for the past 20 years (with growing 
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perception of the under-rated complexities involved). Since undergoing this thesis, Hips 

and Groin have been equally important to share with many people. 

 

The presentations have varied, from coaches in informal settlements in Cape Town - 

Langa (2017, 2018, 2019); Khayalitsha (2017, 2018, 2019) to Premier League Football 

Clubs - Chelsea Football Club (2008); Reading Football Club (2008); Manchester City 

Fooball Club (2014); Arsenal Football Club - SEMS MSc Doctors and Physios (2015, 2016); 

Nottingham Forest Football Club (2015); Blackburn Rovers Football Club (2017); Crystal 

Palace Football Club (2019) and Bournemouth Football Club (2019). 

 

I have presented many different topics around the world which include World Cup Rugby 

Medical Congress ς South Africa (1995); World Cup Cricket Medical Seminar, South Africa 

(2003); British Sports Conference, London (2007); Ireland Sports Physio (2008, 2012, 

2015); BIMMS Doctors and Osteopaths, England (2012); Gilmores Clinic, London (2013); 

Perform, Spire Hospital ς Midlands, England (2015, 2016); Saracens Rugby Club, England 

(2012, 2014); Montpellier Rugby Club, France (2005);  SW Districts Rugby, England (2008); 

Wales Rugby Clubs (2014); Ghana Football Association, Accra, Ghana (2014); NE 

Symposium Sports Injuries and Exercise Medicine, England (2016) and the Isokinetic 

Conference, England and Italy (2013, 2014, 2015, 2016, 2017, 2018). 

Further, in 2017 I was invited to be part of a workshop on Innovative/Biological Therapies 

in Elite Sport, London. 

 

I particularly enjoy sharing with young clinicians e.g. Leeds University - Physiotherapists 

(2008); Huddersfield University - Physiotherapists (2009 /2010); London Metropolitan 

University - Sports Therapists (2009, 2010); Middlesex University  (2007, 2008, 2009, 

2010; 2011 x 2, 2012, 2014); Kent University (2011 x 2; 2012; 2013); London Metropolitan 

University (2011); University of East London (2015, 2016); 4 Universities in North India 

(2012, 2017); Irish Sports Physio association (2015); Orthopaedic Manipulative 

Physiotherapy Group SA (2018); Stellenbosch University to SEMS Doctors (2018, 2019). 

 

I have given further presentations to specific groups e.g. Sky Pro cyclists ς London (2011); 

Cricket coaches SA (including National and Academy cricket coaches) (1999-2006); South 
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African Sports Physiotherapy Congress - Keynote Speaker (2015); Adaptive Surfing South 

Africa Seminar (2016); SA Sports Medicine Congress (2012, 2013, 2017, 2019); South 

African Society for Hip Arthroscopy (SASHA) Conference. (2017); SA International 

Tendinopathy Conference (2010); Sports Interest Group (SA) (2017, 2018, 2019); Sports 

Physiotherapy (2017); Medicine Africa Cycling Congress (2017); Sports Physicians (SEMS) - 

Sports Science Institute of SA (SSISA) (2017, 2018); Biokineticians at SSISA (2018, 2019) 

and Cape Rugby Medical Congress (2018) 

 

I have also presented to Corporates and Business College e.g. GIBS Business College; 

Eskom; Corporate Connnections; Fidential; Luasa and Rotary ς South Africa and Nuffield 

Health, London, England (2015). 

 

There have been many requests for presentations on anatomical structures (including 

specifically hips and groin), as well as medical conditions, by Insurers and lawyers in 

London e.g. Clyde and Co. (2011); Lloyds of London (2015, 2017), QBE (2009, 2010, 2014, 

2016, 2017), Bluefin (2016), Brit Insurance (2012, 2014, 2016), XL Catlin (2016) and HCC 

(2012, 2016, 2018).  

 

The presentations and workshops on groin and hips have made this thesis very 

meaningful for me. Due to my work in all the different sports at different levels i.e. from 

grassroots to elite sport, I am well aware that there has been a dearth of knowledge 

regarding groin and hip management. To investigate all the knowledge and complexities 

of groin and hips and thus be able to share with relevant people, has been most 

rewarding. My focus has been on prevention of these groin and hip problems in the first 

place. With a plethora of research (which is constantly evolving) and ongoing discussions 

with the experts in this field, I believe that I have imparted knowledge to the people 

working in a number of the sports areas and many have told me how they are now 

implementing structures to prevent the injuries where possible. 
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Groin and Hip Complexities: Is Prevention viable? 

Abstract 

Groin and Hip pain is a well-recognised complaint among active young and middle-aged active 

adults. The groin, an anatomical region where diagnosis and symptoms are often confusing, may 

ŀƭǎƻ ǊŜǇǊŜǎŜƴǘ ŀ ά.ŜǊƳǳŘŀ ¢ǊƛŀƴƎƭŜέ ŦƻǊ Ŏlinicians to disappear in vortices of suppositions and 

assumptions. Traditionally, there has been little International consensus regarding terminology, 

definitions and classification of groin pain in athletes. Consequently, there is minimal 

understanding of diagnosis, pathophysiology, investigation or management, although during the 

past decade the field has evolved and an evidence-based understanding is now emerging. 

As the diagnosis is multifactorial, one of the key points is to understand the entire anatomy and 

most importantly, the functional anatomy. Groin and hip physical testing of impairments, 

function, and performance have been documented. However, many of the studies are of poor 

quality and the results of research difficult to interpret and implement into practice. The 

prevalence of Radiographic groin and hip abnormalities is considerable and requires 

identification of the relationship between these radiographic abnormalities and the clinically 

symptomatic pathologies. There is no consensus regarding the optimum conservative 

management or for the ideal operating technique. Further research is required in relation to 

nonsurgical and surgical managementτand the timing of these management approaches. 

The methods used in this thesis consists of drawing upon personal professional experience, 

attending National and International conferences, interactions at these conferences and 

evaluating various evidence sources. Translating and applying this ongoing  knowledge into 

meaningful prevention and rehabilitation protocols has been practically undertaken and 

subsequently presented in the thesis. In spite of minimal evidence-based medicine and general 

lack of consensus, it seems the most pertinent point is that many of the groin/hip pathologies 

may be averted by an understanding of all the complexities involved.  

By exploring all the knowledge (scientific and practical) of hip and groin pathologies, a 

prevention strategy in the first place seems plausible, with specific pre-habilitation, bearing in 

mind the entire kinetic chain and taking into account the neuro - motor control thereof.  

Thus this thesis establishes a lack of consensus and a need for a robust hip/groin injury and pain 

prevention strategy.   
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Thesis ς άGroin and Hip Complexities: Is Injury Prevention viable?έ 

Introduction to the Thesis 

As a sports physiotherapist for the past 29 years and working in all different sporting areas, I 

have had the opportunity to observe the complexities of different injuries which may be related 

to one particular sport. My professional journey has advanced from grass root sport to elite 

sport such a National rugby, hockey, surf lifesaving, cricket and more. Having spent 5 years 

working 7 days a week with the Super 14 rugby team, it was an opportunity to analyse all specific 

movements and resultant possible injuries. Subsequently, I have been working with 20 Premier 

League Football clubs for the past 13 years which led towards undertaking the Doctorate on 

groin and hips. This was due to the fact that these injuries are far too frequent and my belief is 

that this is most definitely preventable.  

Groin injury is the fourth most prevalent injury in field-based sports that include agility such as 

football (Ryan et al., 2014 and Werner et al., 2009). It is the most frequently reported overuse 

injury and the adductors are the second most injured muscles after hamstring injury in male 

professional football players (Werner et al., 2009). The groin injury burden is substantial, as the 

incidence and risk of chronicity and recurrence is high and leads to reduced performance, time-

ƭƻǎǎ ŀƴŘ Ƴŀȅ ŎŀǳǎŜ ǘƘŜ ŜƴŘ ƻŦ ŀƴ ŀǘƘƭŜǘŜΩǎ ŎŀǊŜŜǊΦ 

The intricacies of groin and hip pathologies in sports is currently of international concern 

prompting top specialists and researchers to engage in an attempt to obtain an International 

consensus (Griffin et al., 2016 and Lange et al., 2015). 

 

The systemic approach undertaken in this thesis, addresses the complexities of the groin and hip 

pathologies and includes different evidence sources such as personal professional experience, 

attending National and International conferences, and peer-reviewed evidence. This, together 

with the expert advice I continuously sought and received from a range of experts, assisted me in 

my journey to find a solution. Every portion of information gained was analysed thoroughly and 

then put into practice accordingly. Thereafter, this was intensely analysed in lieu of the outcome 

and the benefits of the intervention, or otherwise. Thus my management of groin and hip 

pathologies experienced by my athletes gradually changed over these years and although 

anecdotal, I definitely observed a positive outcome with my patients with groin /hip problems. I 
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have also used this newfound knowledge to train sportsmen and women to strengthen the 

pelvis/groin/hip area very specific to the functionality of the sport as a prevention strategy. I 

have seen positive outcomes, but studies are required to validate this perception. 

 
I have given many presentations in UK, India and South Africa and this ultimately led towards the 

structure of this Doctoral thesis. The materials and methods of my analysis in this professional 

Doctoral thesis is based on slides used in my CPD presentations to all levels of medical 

personnel, from sports physiotherapists to sports physicians, orthopaedic surgeons and hip 

surgeons. Since 2016, I have also been giving presentations to Coaches mostly in disadvantaged 

communities in South Africa. For these coaches (or managers or athletes), I believe it is also 

ƛƳǇƻǊǘŀƴǘ ǘƻ ŎƘŀƴƎŜ ǘƘŜ ǇŜǊŎŜǇǘƛƻƴ ƻŦ άƛƴƧǳǊȅ ǇǊŜǾŜƴǘƛƻƴΣϦ ǘƻ ŀ ǇŜǊŎŜǇǘƛƻƴ ƻŦ ϦǇŜǊŦƻǊƳŀƴŎŜ 

enhancement" when discussing this important topic. This has always been the title of my 

talks/workshops related directly to prevention of injuries and certainly has the attention and 

compliance of the coaches, as they are particularly interested in performance rather than a 

preventative strategy. 

In this thesis, relevant slides have been chosen from these presentations and although there are 

many slides in this thesis, when presenting, I use specific slides relevant to the attendees 

present.  

 
The presentations and this thesis are a combination of clinical experience working as a 

physiotherapist, the accumulation of academic knowledge in this area through journal articles 

and my attendance of numerous major conferences where world leading experts on groin and 

hips present their latest findings. In 2012 while working with Premier League Football, I compiled 

the Groin and Hip Handbook requested by the Premier League medical personnel (having done 2 

prior handbooks on knees). This consisted of 239 of the latest International ǎǘǳŘƛŜǎ ŀƴŘ άōǳƭƭŜǘ 

Ǉƻƛƴǘǎέ ŦǊƻƳ мн ǘƻǇ LƴǘŜǊnational specialists. While preparing this handbook it became evident 

that there was a lack of international consensus regarding the diagnosis and management of 

groin pathologies. As my interpretation is that many groin and hip injuries are preventable, I am 

very passionate about sharing all the latest information and possible solutions with all my 

colleagues. 

This thesis aims to show the importance of a preventative strategy, which is imperative in 

reducing the incidence of hip and groin injuries. There is limited evidence for evidence-based 
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prevention strategies or successful implementation of such programs. This thesis explores how 

the design of an appropriate prevention strategy should be based around a sound appreciation 

of the anatomy and functional anatomy of the groin and hip which in turn influences injury 

aetiology. A further aspect of successful prevention is appropriate screening of all players to 

identify any possible biomechanical abnormalities or mal-adaptations and design the prevention 

strategy accordingly. The successful implementation of this requires time, expertise and 

resources. 

Further, the thesis aims to integrate opinions and practices of practitioners and my own personal 

experience dealing with many elite sports, supported with scientific evidence. Clinical decisions 

must also consider ethics and individual needs and personalities of the athletes (Greenhalgh et 

al., 2014). Marshall (2014) stated the need for a stronger commitment to embed academic 

expertise with clinical care. Further, current practice needs to inform future research studies to 

ensure relevant, practical outcomes. Delahunt et al. (2015) proposed a set of minimum reporting 

standards based on best available evidence to be utilised in future research on groin pain in 

athletes and that adherence to these minimum reporting standards would strengthen the quality 

and transparency of research and allow an easier comparison of outcomes across studies in the 

future.  

Thus the ultimate aim of this thesis is to produce a document upgraded from my original 

handbook and to present a critical summary of clinical expertise and research to provide 

practical guidelines for the assessment and management of groin injuries.  

 
Thesis objectives:  
 
1. To find a viable solution to the complexity of groin and hip pathologies in sportsmen and  

     women by providing practical guidelines for the assessment and management of groin  

     injuries. This, after pursuing all avenues of knowledge ς research, cƻƴŦŜǊŜƴŎŜǎΣ {ǇŜŎƛŀƭƛǎǘΩǎ  

     knowledge and my practical experience. 

 

2. To reflect on the practical journey through my professional career and analyse the hip and   

     groin injuries in different sports and the consequential management difficulties 

     encountered. 
 

3. To assess whether an analysis of formal and informal knowledge can be applied to improve   

     and develop novel injury prevention approaches and consequentially share my findings with   



23 
 

     my medical colleagues to be useful practically in the sports domain. 
 

4. For this thesis to be useful for future applications of my findings and thus the impact of my  

     research in the professional field e.g. giving presentations to coaches from recreational to   

     professional sport. This may give them an understanding for preventing groin and hip injuries  

     and I believe, thus enhancing performance. 
 

5.  To make recommendations for future research with applied practical application. 

 

The thesis is based on the Power-Point Presentations that I give on this topic and also critically 

evaluate the plethora of information that goes into the development of each slide. Further, my 

aim is to continue to give presentations and workshops which may inform and guide the relevant 

practitioners in reducing and managing groin and hip pain, prevention being the key component. 

 
Slide 1 
 

 
 
 

Slide 1 demonstrates clearly that hip and groin injuries are complex and difficult to treat. The 

main complexities include co-existence of multiple pathologies, lack of agreement of diagnostic 

criteria, the non-specific nature of the signs and symptoms and lack of specific clinical tests. The 

evaluation and treatment of groin and hip pain in athletes is further challenged by a complex 

anatomy and multi-factorial aetiology.  
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Slide 2 
 

 

.ƛȊȊƛƴƛ όнлммύ ŘŜǎŎǊƛōŜŘ ǘƘŜ ƎǊƻƛƴ ŀǊŜŀ ŀǎ άǘƘŜ .ŜǊƳǳŘŀ ¢ǊƛŀƴƎƭŜ ƻŦ {ǇƻǊǘǎ aŜŘƛŎƛƴŜέΦ IƻǿŜǾŜǊΣ 

Sebecic et al. (2014) stated that if a chronic groin pain is carefully diagnosed using detailed 

history taking, physical examination and correct imaging techniques, treatment is successful and 

swift and need not be a Bermuda Triangle. However, to date, groin pain has been shown to 

cause time loss for one in five players ƛƴ ƳŜƴΩǎ ǇǊƻŦŜǎǎƛƻƴŀƭ Ŧƻƻǘōŀƭƭ league each season (Mosler 

et al., 2018) (Slide 2).The objective of this thesis is that in spite of all the complexities, I 

ŜƴŘŜŀǾƻǳǊ ǘƻ ǘǊŀƴǎƭŀǘŜ Ƴȅ ƻǿƴ ŀƴŘ ǎǇŜŎƛŀƭƛǎǘǎΩ ƘƛǇ ŀƴŘ ƎǊƻƛƴ ŜȄǇŜǊǘƛǎŜ ƛƴǘƻ ƴƻǾŜƭ ǊŜƘŀōƛƭƛǘŀǘƛƻƴ 

and injury prevention strategies and to assess whether an analysis of formal and informal 

knowledge can be applied to improve and develop current  injury prevention approaches.   
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Chapter 1: Introduction to Groin and Hip Quandaries 

 
Groin and hip quandaries are due to the dilemma and confusion related to the complexity of 

pathophysiology, injury definitions, multifactorial causes, the lack of specificity of tests, non-

consensus regarding surgery and rehabilitation and altogether the different management 

approaches. These factors are well expressed in ongoing research (Beddows et al., 2020; Esteve 

et al., 2019; Pålsson et al., 2020; Via et al., 2020). 

 
Slide 3 
 

 

Slide 3 demonstrates the specific demands on the groin and hips with high intensity activities 

such as turning, kicking, twisting, acceleration and deceleration involving both hip adduction and 

abduction in a number of sports (Ayeni et al., 2014; Chang et al., 2009; Hagglund et al., 2009; 

Stull et al., 2011; Thorborg et al., 2018).  

Table 1: Studies to show groin and hip pain in different sports. 

Sport Incidence of Injury Author 

Ice Hockey It has been reported that the incidence of FAI may have been under-reported 
in ice hockey players because of its misdiagnosis as hip or groin strains. 
  
Adductor strains accounted for 10% of all injuries in elite Swedish ice hockey 
players and 43% of all muscle in elite Finnish ice hockey players.  
 

aŜƴΩǎ ƛŎŜ ƘƻŎƪŜȅ Ƙŀǎ ǘƘŜ second-highest rate of hip injuries, and they 
account for 18.2% of all injuries in National collegiate athletic association 
level ice hockey goaltenders. 

Philippon et al., 2013. 

 
 
Tyler et al., 2001. 
 
 
Mehta et al., 2019. 
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Gaelic 
Football 

In a case series of over 200 athletes with groin pain, the most common cause 
was hip pathology, followed by pubic symphysis injury 

Glasgow et al., 2011; 
Nevin and Delahunt, 
2014. 

Rugby 
league, 

Groin injuries account for 2ς5% of all sports injuries. Ekstrand (1994), 
however, stated that an injury rate of up to 28% had been reported for 
footballers with groin pain 

hΩ/ƻƴƴƻǊΣ нллп.  

Tennis Anywhere between 8 and 27% of injuries are to the pelvis/hip/ groin in high 
level tennis players 

Safran, M. 2014. 

American 
Football 

Injuries to the hip account for approximately 10% of all injuries in football. Feeley et al., 2008. 

National 
Hockey 
League 

Hip labral tears are the most frequently encountered intra-articular hip injury 
in the NHL player and can lead to an average of 8 man-games missed per 
injury. Goaltenders were not at higher risk when measuring injuries per 
hours played but were at significantly greater risk of an intra-articular hip 
injury than other on-ice players when measured per game played. 
 

Epstein et al., 2013 

Rugby 
Union 

Groin injuries account for 2ς5% of all sports injuries and are among the top 
six most commonly cited injuries in Rugby Union.  The prevalence of these 
injuries has increased since 2002 and they have moved from 16th to 4th 
place in most common training injuries in the Rugby Football Union annual 
audit. 
 

Ryan et al., 2014. 

Football 

 

 

Football 
and Ice 
Hockey 

Groin injuries represent a considerable problem in 
male football, accounting for 4%ς19% of all timeloss injuries. At the elite 
level, approximately one 
in five male players incur a groin injury causing time 
loss each season. 
 
Groin pain has been particularly reported in sports such as football and ice 
hockey, where approximately 10 to 20% of all injuries are hip and/or groin 
injuries. 

Haroy etal., 2018 
 
 
Thorborg, K. 2014. 
 

Running The incidence of hip injuries from running depends on many factors, but the 
average recreational runner who trains steadily and races occasionally, has a 
yearly injury incidence rate between 37% and 70%. 
 

Paluska, S. 2005.  

Hockey Injuries to the groin region are a common problem in field hockey, with a 
reported incidence rate of 10 -12% 

Beddows, T. 2020. 

 

Further studies describing this high incidence in sport include Engstrom et al., 1991; Simonet et 

al., 1995; Ekstrand and Hilding, 1999; Hawkins and Fuller, 1999; Orchard et al., 2000; Grote et al., 

2004; O'Connor, 2004; Arnason et al., 2004; Ellenbecker et al., 2007; Holmich et al., 2007; 

Hagglund et al., 2009; Werner et al., 2009; Lara et al., 2013 and Sedaghati et al., 2013.  

Most of these studies concur with the fact that the prevalence of groin injuries in athletes is 

recognized as one of the most difficult problems in sport and is a common and debilitating injury 
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that accounts for anything from 2ς28% of all sports injuries (depending on a particular study and 

specific sport).  

As I have been involved in most of these sports at school, club, provincial and national level, I 

have been concerned by the lack of focus, research and education on the groin and hip area in 

the past. The quandaries of hip and groin pathologies include the complexity of multifactorial 

causes, the pathophysiology, the aetiology and the lack of consensus regarding rehabilitation has 

not been sufficiently explored in the past. This has fortunately been taken into consideration 

over recent years with my observation of the management of hip and groin showing slow 

improvement, particularly with more studies evolving, as demonstrated in my reference section. 

Groin and hip injuries are common in football with prevalence rates reported to be up to 19%, 

with the incidence rates being 0.2ς2.1 per 1000 playing hours for men (Walden et al., 2015). 

Recovery from groin injury has been shown to take at least 1 week in 40% of cases, and 10% take 

more than a month (Holmich, 2007). When groin pain lasts for more than 2 months, it is said to 

be longstanding (Holmich, 2007). Langhout et al. (2018) stated that each season, up to 19% of all 

professional soccer players sustain a time-loss groin injury with an average time loss between 15 

and 20 days and more than 28 days for recurrent groin injury. Of note is a systematic review 

demonstrating that adductor or groin injury is particularly problematic due to the high incidence 

and risk of chronicity and recurrence (Whittaker et al., 2015). 

 

Sports with particularly high incidences of groin injury include ice hockey and the football codes 

and there is variation by player position for rate of groin injury in many sports.  In Australian 

Rules Football they are the second most common injuries behind hamstring muscle strains and 

have been estimated to be responsible for 11-18 competition games per team being missed by 

players due to injury in a season (Orchard et al., 2015). In male professional footballers, muscle 

injuries constitute almost one third of all time-loss injuries, while 23% of those injuries involved 

the adductors. There is clearly a high incidence of hip and groin injuries which account for a large 

number of missed competition days (Orchard et al., 2015). Previously, Hanna et al. (2010) 

reported that 70% of male soccer players experience hip and/or groin pain during one season 

and Ryan et al. (2014) stated that these injuries were among the top six most commonly 

cited injuries in Rugby Union and they have increased significantly since 2002 moving from 16th 

to 4th place in the 2012 Rugby Union annual audit.  
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Slide 4 
 

 
 

There is some evidence that men have a higher risk of groin injury than women when playing the 

same sport (Orchard et al., 2015 and Walden et al., 2015) (Slide 4). Orchard et al. (2015) 

recommended that injury epidemiology consensus statements should aim to include a number 

of relevant sports to improve injury incidence comparisons among different sports. 

Groin pain is most commonly related to the adductor muscles, pubic symphysis, inguinal region 

and nerve supply to the groin (Minnich et al., 2011). As a consequence of such an injury, the 

athlete may be out of play for a lengthy period, possibly resulting in major financial implications 

for the Club and the player (Bennell et al., 2014; Economopoulos et al., 2013; Matheson et al., 

2011; Minnich et al., 2011; Muschaweck and Berger, 2010; Pierce et al., 2013; Spencer-Gardner 

et al., 2013). I have noted in my work with athletes that a number of these groin and hip injuries 

may become chronic and in some cases may even be career ending. This is probably due to the 

fact that very often these injuries and the consequential pain is minimal and then becomes 

progressively worse with different anatomical structures becoming involved. This is key to the 

importance of analysing the complexity of the problem of groin and hip pathologies. 

Thus with this ongoing, often debilitating injury, it is most important to prevent the pathology 

from developing in the first place. As will be discussed in Chapter 10 (Risk Factors), 
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understanding possible risk factors for the players in specific sports is the key factor for this 

prevention strategy. 

The definition of groin pain is broad and vague. Research provides no consensus on 

pathology/pathophysiology (Thorborg and Holmich, 2013). Heterogeneous studies with low 

methodological quality dominate research related to groin pain in athletes (Delahunt et al., 

2015). In this study they explained that the key items for inclusion were based on the collective 

expertise of the group along with analysis of key methodological shortcomings of published 

research in the area, identified by recent systematic reviews. They advise a minimum reporting 

standard in relation to: (1) study methodology, (2) study participants and injury history, (3) 

clinical examination, (4) clinical assessment and (5) radiology. They hypothesised that adherence 

to these minimum reporting standards may strengthen the quality and transparency of 

epidemiological research conducted on groin pain in athletes.  

Slide 5 

 

Slide 5 highlights the systematic review on the treatment of groin pain in athletes by Serner et al. 

(2015), where they identified 72 relevant studies of which they stated that only 6% of the studies 

were of high quality. Low methodological quality, confusion around the nomenclature of groin 

pain in the athlete and inadequate reporting were highlighted in this review. Light et al. (2018) 

re-affirmed that standardization of management needs to be explored in future research.  There 
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was moderate evidence for the efficacy of conservative treatment (active exercises and 

multimodal treatments), as well as moderate evidence for surgery for athletes with adductor-

ǊŜƭŀǘŜŘ ƎǊƻƛƴ Ǉŀƛƴ ƻǊ ǎǇƻǊǘǎƳŀƴΩǎ ƘŜǊƴƛŀ. 

 

Slide 6 
 

 

Slide 6 shows the discussion at the 1st International Hip and Groin Conference in Aspetar, Doha 

in October 2014, whereby Holmich confirmed that to date there was no pathophysiological 

correlation to pain; no imaging correlation to pain and no reliable operational findings correlated 

to pain. It was further suggested at the Doha Conferece (2014) that there was a need to provide 

minimum methodological and clinical reporting standards for research on groin pain in athletes. 

 
Previously, Weir (PhD thesis, 2011) found that the interpretation of hip and groin research was 

limited by differing nomenclature, lack of validated outcome scores, unreliable clinical tests for 

core stability and differences between case series and prospective studies. Despite increasing 

research over the past 20 years, the hip and groin quandary exists to this day. Forty years ago, 

Renstrom (1980) reported that groin pain (which was inclusive of hip pain) was a challenging 

pathology and little has changed to date. From my experience with many elite sports, I have 

observed that until recently, groin and hip pathologies have not been given priority when 

managing injuries in sports medicine. As will be discussed later in the thesis, the International 

meetings to obtain Consensus Statements on the nomenclatures have been fruitful. However, 

this is an ongoing procedure and more specificity is required on an ongoing basis, such as 

providing better specific clinical tests. 
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Conclusion ς Introduction to Groin and Hip Quandaries 

Despite the large number of published papers on hip and groin pathology, the literature 

continues to show conflicting results as is evident throughout this thesis. If clinicians did indeed 

take cognisance of these high profile evidence based medicine studies, they would realise the 

lack of definitive strategies. This is often reflected in the wide spectrum of diagnostic criteria and 

treatment regimes proposed by clinicians. There is still no obvious consensus or solution and 

there is no observed decrease in the number of hip and groin injuries in sportsman (Hernia Surge 

Group, 2018; Kemp et al., 2018; Mellor et al., 2016; van Klij et al., 2018). 

Future research on groin pain in athletes, using established published guidelines to improve 

study methodological design and reporting, may be productive and a consensus document needs 

to be drawn up by experts which may provide these guidelines. Essentially, I believe that a panel 

of experts are required to meld the research findings with their practical experience out in the 

field. It would be ideal if all this could be standardised which is complex, as every situation is 

different.  I believe that the potential impact of this thesis on development of knowledge in the 

professional field is plausible and thus my presentations may have impact for clinicians to 

reconsider and anlyse their management of hip and groin problems. 

Consequently, it appears that a preventative strategy may be the key to prevent the injuries 

from occurring in the first place.  
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Chapter 2: Differential Diagnosis 

2a) Overview 

Slide 7 
 

 

A presentation by Weir (Isokinetic Conference, 2015), was based on his work on the terminology 

and definitions on groin pain in athletes (Slide 7). His main finding was that the 23 expert 

Specialists used 18 different terminologies. Thus, in spite of groin and hip pain being common in 

many sports, the definition of groin and hip pain is problematic as the pathologies are so 

multifactorial and there is a great need for consensus surrounding the terminology (Minnich et 

al., 2011). This was affirmed by Thorborg and Holmich, (2014) who stated that there was a 

disparity in terminology used across the world.  

During the evaluation of a patient with groin pain, clinicians often focus on a single etiological 

cause without considering the possible association of multiple causes. Amongst others, there is 

adductor-related groin pain, (Chen et al., 2014; Coughlan et al., 2014; Delmore et al., 2014; 

Holmich et al., 2013; Jensen et al., 2014; Schilders et al., 2009; Thorborg et al., 2011), osteitis 

pubis, (Brennan et al., 2005; Choi et al., 2011; Cunningham et al., 2007; McCarthy and Vicenzino, 

2003; Robinson et al,. 2007; Verrall et al., 2007), sports hernia, (Antoniou et al., 2014; Garvey et 

al., 2010; Knox and Berney, 2015), DƛƭƳƻǊŜΩǎ ƎǊƻƛƴ, (Williams and Foster, 1995), incipient hernia, 

groin disruption (Garvey and Hazard, 2014) and athletic pubalgia (Kuikka et al., 2013; Larson, 

2014; Meyers, 2008).   
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There is general consensus in the academic literature that multiple pathologies can co-exist in 

patients with chronic groin pain (Garvey and Hazard, 2014; Zoland et al., 2017). Of note is the 

observation of Rankin et al. (2015) who showed that hip joint pathology may be a major 

contributor to secondary breakdown of adjacent structures around the hip joint. Advances in 

Magnetic Resonance Imaging (MRI) and hip arthroscopic surgery provide insights which appear 

to suggest that earlier studies may have overlooked the hip joint as a source of primary pain in 

the athlete (Byrd and Jones, 2001; Malviya et al., 2012).  

Slide 8 

 

Slide 8 shows the literature review I undertook specifically for the Premier League medical 

personnel, which identified multiple differential diagnoses for hip and groin pain, including 

musculo-skeletal and non musculo-skeletal causes such as infectious, tumerous, metabolic 

causes, genito-urinary and gynaecologic causes, inflammatory conditions and metabolic causes 

(Millson, 2012). Many different management strategies were prescribed and this was highlighted 

in the handbook ōȅ ǘƘŜ άōǳƭƭŜǘ Ǉƻƛƴǘǎέ collecting from eminent International specialists with 

regard to management principles. There is a wide spectrum of approaches to both the diagnosis 

and management of hip and groin injury. This speaks to the complexity of pathology in this area, 

but also highlights an urgent need for uniform agreement internationally on best practice when 

dealing with these pathologies. This is a major reason for my embarking on this pathway to find a 

solution in the management of groin and hip pain. The impact of my handbook exceeded 
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expectations in that it reached a far wider field than the Premier League. There was a demand 

frommedical personnel nationally and internationally 

Slide 9 

 

An example of this complexity of diagnoses is the use of the term άDƛƭƳƻǊŜΩǎ DǊƻƛƴΣέ which has 

been applied over the past 30 years as shown on Slide 9 (Gilmore 1998). During ensuing years 

there have been discussions and challenges as to the exact terminology and meaning behind this 

name (Williams and Foster, 1995).  

IƻƭƳƛŎƘ ό2014) concluded that a systemic approach, based on standardized clinical examination 

using reliable examination techniques and well-defined clinical entities is very important to 

diagnose and plan the correct treatment for footballers with groin pain. /ǊƛǘƛŎŀƭƭȅΣ ŘƛŀƎƴƻǎǘƛŎ ŀƴŘ 

ǊŜƘŀōƛƭƛǘŀǘƛƻƴ ǎǘǊŀǘŜƎƛŜǎ ŀƛƳŜŘ ŀǘ ŀƴŘ ŘŜǎƛƎƴŜŘ ǘƻǿŀǊŘǎ ǘǊŜŀǘƛƴƎ ǎƛƴƎƭŜ ǇŀǘƘƻƭƻƎƛŎŀƭ ŀƴŀǘƻƳƛŎŀƭ 

ŜƴǘƛǘƛŜǎ ŀǊŜ ƭƛƪŜƭȅ ǘƻ ōŜ ƭƛƳƛǘŜŘΦ 

 

Table 2: Differential Diagnosis for groin and/or hip pain 

Author / Journal Commentary on diagnostic classifications 

Holmich, 2007. 
 

There are 3 musculo-tendinous causes for chronic groin injury in sportsmen ς a 
άŎƭƛƴƛŎŀƭ Ŝƴǘƛǘȅέ approach, involving Hip adductor-related dysfunction , IP related 
dysfunction and RA related dysfunction 

Caudill et al. 2008. Between 27% and 90% of athletes with sports hernia type symptoms have multiple 
pathologies - Four broad categories: (1) adductor longus dysfunction; (2) OP  
(3) sports hernia and (4) a pathological condition of the hip joint. 
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Meyers et al. 2008. The term άǎǇƻǊǘǎ ƘŜǊƴƛŀέ was felt to convey two huge assumptions regarding groin 
injuries. Firstly, that the cause of the injuries has something to do with occult 
hernias and secondly, that the injuries can be lumped into one explanation and be 
treated the same way. 
 

Falvey et al. 2009. A patho-anatomical approach to the diagnosis of chronic groin pain in athletes.  
The Groin Triangle: The groin, gluteal and greater trochanter triangles. Groin 
injuries were classified according to anatomic position and not specific to structure. 
This is used frequently in current practice 

Garvey et al. 2010 An algorithm showed a pathophysiology for sports hernia with certain pathologies 
leading to pelvic instability which then results in further pathologies of the groin and 
hip.  

Tunaiji H.A. and Karim 
Khan. 2012. 

This study discussed the causes of chronic groin pain in relation to different borders 
of the Groin triangle showing ά/ƻƳƳƻƴΣ [Ŝǎǎ ŎƻƳƳƻƴ ŀƴŘ bƻǘ ǘƻ ōŜ aƛǎǎŜŘέ 
pathologies in tabulated form. This approach addresses anatomy complexity and 

clinical diagnostic challenges of the groin region.  

Poultsides et al. 2012 The study demonstrated an algorithmic approach to physical examination of a 
painful non-arthritic hip. Underlying abnormal joint mechanics may predispose the 
hip joint and the associated hemipelvis to asymmetric loads and thus possibly mal-
adaptations.  

Brukner and Khan. 
2012 

This study discussed a structure based diagnosis on four clinical entities that may 
be involved in LSGP. The hip joint was not included in this particular definition. This 
was the closest to the subsequent Doha Consensus agreement (2015). 

Garvey and Hazard. 
2014. 

Diagnoses included RA muscle atrophy/asymmetry, conjoint tendinopathy, sports 
hernia, groin disruption injury, classical hernia, traumatic OP and avulsion fracture 
of the pubic bone. The authors believed that AP or sports hernia should be 
ŎƻƴǎƛŘŜǊŜŘ ŀǎ ŀ ΨƎǊƻƛƴ ŘƛǎǊǳǇǘƛƻƴ ƛƴƧǳǊȅΩ as previously described by Gilmore and is 
a result of functional instability of the pelvis. 

Jayasekera et al. 2014. These authors described a new, previously undescribed diagnosis of fat pad 
entrapment at the hip. They proposed that this fat pad found at the anterior head 
/neck junction of the hip joint can be a source of pain.  

Muschaweck et al. 
2015. 

The anatomical and functional complexity of the groin was recognised. In addition 
radiating pain from remote anatomical regions was added as possible differential 
diagnoses. 

Bisciotti et al. 2015. Multifactorial aetiology of groin pain syndrome was acknowledged. These authors 
specified that άƎǊƻƛƴ Ǉŀƛƴέ ƳŜŀƴǎ άǇŀƛƴ ƛƴ ǘƘŜ ƎǊƻƛƴ ŀǊŜŀέ ŀƴŘ ƛǎ ƴƻǘ ŀ ŘƛŀƎƴƻǎƛǎΦ  

Wisbey-Roth, T., 2015. It was suggested that a Hip Differential Diagnosis Flowchart should be utilised, 
showing five categories for assessment strategies ς Inflammation, Instability, Intra-
articular, Extra Articular and Tendon 

Serner et al.  2015. A systematic review reported 33 different terminologies used in 72 studies for the 
diagnosis of hip and groin pain   

Weir et al. 2015 ! ǎǘǳŘȅ ǳǎƛƴƎ ŀ ǎƘƻǊǘ 5ŜƭǇƘƛ ǎǳǊǾŜȅ ƻŦ ǘǿƻ ΨǘȅǇƛŎŀƭΣ ǎǘǊŀƛƎƘǘŦƻǊǿŀǊŘΩ ŎŀǎŜǎ 
demonstrated major inconsistencies in the diagnostic terminology used by experts 
for groin pain in athletes  

Bisciotti et al. 2015. They discussed an association between inguinal canal disease, like sports hernia and 
FAI, to redefine and expand the concept of άƎǊƻƛƴ Ǉŀƛƴ ŘƛǎǊǳǇǘƛƻƴέ. In this study, 
they referred to the groin pain as GPS. 

Falvey et al. 2016 This was part 1 of a study to show a prospective anatomical diagnosis. Injury to the 
pubic aponeurosis (PA) (62.8%) was the most common diagnosis, followed by 
injuries to the hip (21.2%) and adductors (14.7%). Nearly two-thirds of patients 
(63.6%) demonstrated pain and abnormality in multiple anatomical structures.   

 

IP: Ilio Psoas; RA: Rectus Abdominus; OP: Osteitis Pubis; LSGP: Long Standing Groin Pain 

AP: Athletic Pubalgia; GPS: Groin Pain Syndrome 
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Table 2 demonstrates that there is a wide spectrum of approaches to the diagnosis of groin and 

hip pathologies over years. These different terminologies and overlapping entities make the 

diagnosis and subsequent management for all clinicians complex. However, this thesis is deigned 

to demonstrate the fact that even without a specific diagnosis, rehabilitation is possible, as I 

have noted in my professional career. This is particularly so over the past years when 

undertaking this thesis and increasing my knowledge of groin and hip pain and thus more 

successful management. 

Some progress was made when Sheen et al. (2014) issued a British Hernia Society Consensus 

ǎǘŀǘŜƳŜƴǘ ǊŜƎŀǊŘƛƴƎ ǘǊŜŀǘƳŜƴǘ ƻŦ {ǇƻǊǘǎƳŀƴΩǎ ƎǊƻƛƴ where they attempted to narrow down a 

more definitive terminology. ¢ƘŜ ǘŜǊƳ ΨƛƴƎǳƛƴŀƭ ŘƛǎǊǳǇǘƛƻƴΩ ǿŀǎ chosen as the preferred 

nomenclature with the ǘŜǊƳ Ψ{ǇƻǊǘǎƳŀƴΩǎ ƘŜǊƴƛŀΩ rejected, as no true hernia exists in these 

pathologies. They proposed that it should be managed through a multidisciplinary approach to 

ensure that consistent standards and outcomes are achieved. This multidisciplinary approach is 

often identified as important in the management of hip and groin pain and was frequently 

mentioned during the hip and groin conferences in 2015 (World Conference on Groin Pain in 

Athletes, Doha, Qatar) and 2016 (Football Medical Association Conference, Midlands, England). 

The multidisciplinary approach was inclusive of Sports Physicians, Orthopaedic Surgeons, 

Physiotherapists, Biokineticians and all medical and fitness personnel involved with the athlete 

and appears to be critical for best practice. 

Overall, the response to the Consensus Agreement was a disappointment amongst practitioners, 

as there appeared to be an over-representation of surgeons. Further, άƛƴƎǳƛƴŀƭ ŘƛǎǊǳǇǘƛƻƴέ 

merely added to the long list of different terminologies. Thereafter, the commentary by Adam 

Weir in the British Journal of Sports Medicine (2014) stated that the paper gives rise to as many 

questions as it does answers. The statement achieved success in reaching agreement among 

surgeons that there is no favoured surgical method at the present time and also highlighted that 

there were still some significant limitations in the management of groin and hips in sports 

medicine. I agree with Weir who was of the opinion that a review of current evidence was 

needed which critically analysed and prioritised current information of differential diagnosis in 

hips and groins and so could stratify information according to scientific rigor. This evidence 

relevant to my professional field of sports physiotherapy and rehabilitation would be most 
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helpful. Nonetheless this was an important first step on a long journey towards consensus in the 

field of athletic groin injuries. 

Slide 10  

  

Slide 11 
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Slide 12 

 

Slides 10, 11 and 12 shows that subsequent to the Manchester Consensus Agreement, the 

ground breaking άDoha Consensus AƎǊŜŜƳŜƴǘέ ƳŜŜǘƛƴƎ ƻƴ ǘŜǊƳƛƴƻƭƻƎȅ ŀƴŘ ŘŜŦƛƴƛǘions in groin 

pain in athletes was convened in November 2014, which included 24 international experts from 

14 different countries. The aim of the meeting was to reach agreement on a standard 

terminology, along with accompanying definitions. They reached a consensus based on history 

and physical examination to categorise athletes, making it simple and suitable for both clinical 

practice and research. Unanimous agreement was reached using the classification system which 

has three major subheadings of groin pain in athletes as shown in the slide 11 and 12:  

1. Adductor-related, Iliopsoas-related, inguinal-related and pubic-related groin pain.  

2. Hip-related groin pain.  

3. Other causes of groin pain in athletes  

 

Lǘ ǿŀǎ ŀ ǇǊƛǾƛƭŜƎŜ ŦƻǊ ƳŜ ǘƻ ŀǘǘŜƴŘ ǘƘƛǎ ŎƻƴŦŜǊŜƴŎŜ ŀƴŘ ƘŀǾŜ ǇŜǊǎƻƴŀƭ ŘƛǎŎǳǎǎƛƻƴǎ ŀƴŘ ƛƴǘŜǊŀŎǘƛƻƴ 

ǿƛǘƘ ǘƘŜ ǎǇŜŎƛŀƭƛǎǘǎ ǊŜƎŀǊŘƛƴƎ ǘƘŜƛǊ ŀƴǘƛŎƛǇŀǘŜŘ ƻǳǘŎƻƳŜΦ ¢ƘŜȅ ǉǳŜǎǘƛƻƴŜŘ ƳŜ ǊŜƎŀǊŘƛƴƎ Ƴȅ 

ŀǇǇǊƻŀŎƘ ǘƻ ǘƘŜ ƴŜǿ ŘŜŦƛƴƛǘƛƻƴ ŀƴŘ ǿƘŜǘƘŜǊ L ǘƘƻǳƎƘǘ ǘƘƛǎ ǿŀǎ ŀ ƳƻǾŜ ǘƻǿŀǊŘǎ ŀ ƳƻǊŜ ǇǊŀŎǘƛŎŀƭ 

ŀƴŘ ǘǊŀƴǎǇŀǊŜƴǘ ƻǳǘŎƻƳŜ ƛƴ ƻǳǊ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ǎǇƻǊǘǎ-ǊŜƭŀǘŜŘ ƘƛǇ ŀƴŘ ƎǊƻƛƴ ǇǊƻōƭŜƳǎ 
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LƴǘŜǊŜǎǘƛƴƎƭȅΣ ǘƘŜȅ ŀǊŜ ǊŜƴƻǿƴŜŘ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ƎǊƻƛƴ ŀƴŘ ƘƛǇ ǎǇŜŎƛŀƭƛǎǘǎ ŀƴŘ ȅŜǘ ƘŀǾŜ ŀƴ ƻƴƎƻƛƴƎ 

ŘŜǎƛǊŜ ǘƻ ƳŀƪŜ ŀ ŘƛŦŦŜǊŜƴŎŜ ǘƻ ǘƘŜ ŎƭƛƴƛŎƛŀƴǎ ƻǳǘ ƛƴ ǘƘŜ ŦƛŜƭŘΦ CǊƻƳ Ƴȅ ȅŜŀǊǎ ƻŦ ŜȄǇŜǊƛŜƴŎŜΣ L ƘŀǾŜ 

ƴƻǘŜŘ ǘƘŀǘ ǘƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ǎǇŜŎƛŀƭƛǎǘǎ ŀƴŘ ŎƭƛƴƛŎƛŀƴǎ ƛǎ ƴƻǘ ŀƭǿŀȅǎ ǇǊƻŘǳŎǘƛǾŜΦ ¢Ƙƛǎ ƛǎ 

ǇǊƻōŀōƭȅ ŘǳŜ ǘƻ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ǘƘŜȅ ŀǊŜ ŀƭƭ ǘƻƻ ōǳǎȅ ǘƻ ƛƴǘŜǊŀŎǘΦ LƴǘŜǊŜǎǘƛƴƎƭȅΣ ƻƴŎŜ ŀǇǇǊƻŀŎƘŜŘ ŀƴŘ 

ƻƴŎŜ ǘƘŜȅ ŀŎƪƴƻǿƭŜŘƎŜ ǘƘŜ ŎƭƛƴƛŎƛŀƴΩǎ Ǉŀǎǎƛƻƴ ŦƻǊ ƪƴƻǿƭŜŘƎŜ ŀƴŘ ǎƘŀǊƛƴƎΣ ǘƘŜȅ ŀǊŜ ǾŜǊȅ 

ŎƻƴŘǳŎƛǾŜ ǘƻ ƘŀǾƛƴƎ ŘƛǎŎǳǎǎƛƻƴǎ ŀƴŘ ǎƘŀǊƛƴƎ ǘƘŜƛǊ ƛƴǎƛƎƘǘǎΦ ¢ƻ ŘŀǘŜ ǘƘŜȅ ŎƻƴǘƛƴǳŜ ǘƻ ŀƴǎǿŜǊ Ƴȅ 

ƻƴƎƻƛƴƎ ǉǳŜǎǘƛƻƴǎ ǊŜƎŀǊŘƛƴƎ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ƎǊƻƛƴ ŀƴŘ ƘƛǇ ǇǊƻōƭŜƳǎΦ 

 

This provided common ground amongst clinicians dealing with groin pain. Subsequent to the 

Doha Agreement, various amendments to the Doha agreement have been proposed, as well as 

various valuable practical applications have been undertaken based on this classification. Lƴ ŀƴ 

ƛƴǘǊƻŘǳŎǘƻǊȅ ƭŜǘǘŜǊ ƛƴ ǘƘŜ .W{aΣ IƻƭƳƛŎƘ όнлмрύΣ ŎƻƴŎǳǊǊŜŘ ǘƘŀǘ ǘƘŜ 5ƻƘŀ ŀƎǊŜŜƳŜƴǘ ǿŀǎ ŀƴ 

ƛƳǇƻǊǘŀƴǘ ǎǘŜǇ ŦƻǊǿŀǊŘ ōȅ ǇǊƻǇƻǎƛƴƎ ōŀǎƛŎ ǘŜǊƳƛƴƻƭƻƎȅ ŦƻǊ ŀƭƭ ǘƻ ǎǇŜŀƪ ǘƘŜ ǎŀƳŜ ƭŀƴƎǳŀƎŜ ŀƴŘ 

ƘƻǇŜŦǳƭƭȅ ƛƳǇǊƻǾŜ ǘƘŜ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ƎǊƻƛƴ ƛƴƧǳǊƛŜǎΦ  

 

Slide 13 
 

   

An example of this is the ǘŜǊƳƛƴƻƭƻƎȅ άhǎǘŜƛǘƛǎ tǳōƛǎέ (OP) previously commonly used, is no 

longer utilized (Slide 13). From my years of working with Premier League football, I have noted 

that more than half of the Premier League footballers show increased uptake of bone marrow 

oedema in pre-screening / signing MRIs. However, they are mostly asymptomatic. This is 
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postulated to be due to the radiological consequences of bone marrow oedema in sport, which 

is representative of mechano-transduction adaptation of the osteocytes in the bone in response 

to increased activity (Millson, 2012). Thus the diagnosis of άOsteitis Pǳōƛǎέ for groin pain which 

had previously been made based on MRI, has been recognised as no longer relevant as a specific 

diagnosis. Robinson et al. (2015) concluded that pubic bone marrow and parasymphyseal 

findings on MRI were frequently found in asymptomatic athletes and did not predict injury or 

symptom development or any need for surgery.  

Most importantly, άǇǳōŀƭƎƛŀΣέ an adductor dysfunction, was a more frequent MRI finding than 

άOsteitis Pǳōƛǎέ in soccer players (Cunningham et al., 2007). The findings of this study suggest 

that both entities are mechanically related and that Osteitis Pubis and adductor dysfunction 

frequently coexist and thus adductor dysfunction most likely precedes the development of 

Osteitis Pubis in soccer players. The difficulty which is apparent at specific conferences on this 

topic, is that as a clinician, one does not know when the increased bone marrow oedema shown 

on the MRI becomes symptomatic, or how one can predict the pathology of either the adductor 

or pubic symphysis bone marrow oedema uptake. At the North East Symposium on Sports 

Injuries and Exercise Medicine medical meeting (5th May 2016), the panel discussion involving a 

Premier League doctor, an eminent radiologist and myself, resulted in a detailed discussion 

regarding a need for some form of grading of this bone marrow oedema with the aim of being 

able to identify when an asymptomatic condition may become symptomatic. However, as yet 

this objective has not been achieved. These are most important considerations for the 

prevention of groin pain and would be particularly important in the young athlete.  

IƻƭƳƛŎƘ όнлмрύ ŎƛǘŜŘ ŜƛƎƘǘ ǇŀǇŜǊǎ ŦǊƻƳ ǇŜŜǊ-ǊŜǾƛŜǿŜŘ ƧƻǳǊƴŀƭǎΣ ǇǳōƭƛǎƘŜŘ ōŜǘǿŜŜƴ мффт ŀƴŘ 

нлмоΣ ŀƴŘ ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ ŀ ƭŀŎƪ ƻŦ randomised trials existed in this area and there was no 

agreement in the literature with regards to diagnostic entities and terminology. Holmich 

suggested the term ''adductor-related groin injury''.  A well-defined clinical examination of the 

adductor, iliopsoas, and abdominal muscles and the symphysis joint for pain, strength, and 

flexibility was found to be reproducible with only limited intra- and inter-observer variation.  

 
 
 
 
 
 
 
 
 



41 
 

Slide 14 
 

 

Rankin et al. (2015), reaffirmed that chronic hip and groin pain is often associated with multiple 

clinical entities and that hip joint pathology is the most common clinical entity of groin pain and 

often existed with pubic bone stress injury and adductor-related groin pain (Slide 14). He 

believed that hip joint pathology was related to femoro-acetabular impingement, labral tears, 

and osteoarthritis.  Historically, hip related groin pain was often buried amongst the diagnostic 

criteria for the groin. These pathologies are frequently associated with secondary breakdown of 

surrounding structures.  However, the underpinning mechanisms are unclear. 

A novel overview of differential diagnosis of hip and groin pain was presented by Dr Charlotte 

Cowie (Football Medical Conference, Burton on Trent, Midlands, 2016). This was based on her 

work at St Georges Park, England where they saw 846 players from the Professional Football 

Association, of which 134 had long term groin problems. She divided the diagnoses into a simple 

group and a complicated group with multiple pathologies. The group with multiple pathologies 

were described as having pelvic overload. She stated that rest may settle the problems, but 

would not cure them. Essentially optimal loading may be defined as the load applied to 

structures that maximises physiological adaptation. The magnitude and the rate of loading is an 

ongoing challenging issue (Gabbett, 2016; Glasgow et al., 2015; Lerebours et al., 2016). The take 

home message was that if the clinician can return the player to normal full function (after a 



42 
 

battery of tests and relevant rehabilitation), the pathology is not important and one should not 

get too focussed on a specific diagnosis. Clinically, I have used this modus operandi when 

managing most of the groin and hip patients over the past years with a good success rate. 

 

From my observations in elite sports, players with groin pain often consult a number of different 

specialists who all give a άǎǇŜŎƛŦƛŎ ŘƛŀƎƴƻǎƛǎέ, that often resulted in three different surgical 

procedures. This may simply be attributed to the complexity of making a diagnosis in hip and 

groin pain, but may also occur when medical staff and/or the club go ŦƻǊ ŀ άǉǳƛŎƪ ŦƛȄέ in order to 

get the player back as soon as possible. In some cases, this varied diagnosis and management 

has led to the player no longer being able to compete at that elite level, which I have observed 

due to having an overview when gathering medical information at each club. Ongoing different 

pathological diagnoses, with resultant different management strategies on an ongoing basis 

have even led to psychological issues with the player.  

Slide 15 
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Slide 16 

 

!ǎ ǎƘƻǿƴ ƛƴ {ƭƛŘŜ мр ŀƴŘ мсΣ ŘƛŦŦŜǊŜƴǘƛŀƭ ŘƛŀƎƴƻǎƛǎ ƛǎ ƻŦǘŜƴ ŜŀǎƛŜǊ ǘƻ ŜǎǘŀōƭƛǎƘ ƛƴ ǘƘŜ ȅƻǳƴƎ ŀǘƘƭŜǘŜ 

ŎƻƳǇŀǊŜŘ ǿƛǘƘ ǘƘŜ ŀŘǳƭǘ ŀǘƘƭŜǘŜΦ DǊƻǿǘƘ ǊŜƭŀǘŜŘ ƛƴƧǳǊƛŜǎ ŀǊŜ ǘƘŜ Ƴƻǎǘ ŎƻƳƳƻƴ Ǌƛǎƪ ŦŀŎǘƻǊ ŦƻǊ 

ŘŜǾŜƭƻǇƛƴƎ ƎǊƻƛƴ ŀƴŘ ƘƛǇ Ǉŀƛƴ ƛƴ ǘƘŜ ȅƻǳƴƎ ŀǘƘƭŜǘŜ (Difiori et al., 2014; Materne, 2014; Murray, 

2017). !Řǳƭǘ ƛƴƧǳǊƛŜǎ ŦǊŜǉǳŜƴǘƭȅ ƘŀǾŜ ƳǳƭǘƛŦŀŎǘƻǊƛŀƭ ŀŜǘƛƻƭƻƎȅΣ ƘŀǾŜ ŜȄǇŜǊƛŜƴŎŜŘ Ǉŀƛƴ ŦƻǊ ŀ ƭƻƴƎŜǊ 

ǘƛƳŜ ŀƴŘ Ƴŀȅ ōŜ ƛƳǇŀŎǘŜŘ ōȅ ƻǘƘŜǊ ƛƴƧǳǊƛŜǎΦ  

/ƻƴŎƭǳǎƛƻƴ ς 5ƛŦŦŜǊŜƴǘƛŀƭ 5ƛŀƎƴƻǎƛǎ 

The commentary by Weir (2014), noted that even though there was not a one-off solution to the 

nomenclature that makes diagnosis simple, the road appears to be getting clearer as the 

specialists in this groin and hip field are interacting. These consensus agreement meetings just 

confirm that no one person has the answer and without ongoing collaboration, the diagnostic 

dilemma with hip and groin pathology will remain static. When giving presentations, I frequently 

discuss the importance of collaboration with my colleagues, as I believe this factor has 

strengthened my knowledge and thus my implementation of management strategies with 

groin/hip and other musculo-skeletal problems. From my work with the Premier League Football 

over the past 13 years, I have definitely seen progress regarding medical interaction, with 

guidelines and consensus statements being implemented worldwide. The collaboration between 
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specialists, the increase in meaningful studies and the many groin and hip conferences 

embracing all medical personnel, aids towards a more simplified management structure of these 

groin and hip problems and shows progression going forward. 

{ƭƛŘŜ мт 
 

 

¢ƘŜ ǘŀƪŜ ƘƻƳŜ ƳŜǎǎŀƎŜ ƛǎ ǘƘŀǘ ǘƘŜǊŜ ƛǎ ƴƻ άƎƻƭŘ ǎǘŀƴŘŀǊŘέ ŦƻǊ ŘƛŀƎƴƻǎƛǎ ƻŦ ƎǊƻƛƴ ŀƴŘ ƘƛǇ 

ǇŀǘƘƻƭƻƎƛŜǎΣ ƛƴ ǎǇƛǘŜ ƻŦ ǘƘŜ 5ƻƘŀ /ƻƴǎŜƴǎǳǎ ŀƎǊŜŜƳŜƴǘ όнлмпύ ό{ƭƛŘŜ мтύΦ LƴǘŜǊƴŀǘƛƻƴŀƭƭȅΣ ǘƘŜǊŜ ƛǎ 

ŀƴ ƻƴƎƻƛƴƎ ŘŜǎƛǊŜ ǘƻ ǿƻǊƪ ǘƻǿŀǊŘ ŀ ŎƻƳƳƻƴ ŀƎǊŜŜƳŜƴǘΦ IƻǿŜǾŜǊΣ ǿƛǘƘ ŦƛƴŘƛƴƎǎ ƻŦ ƳǳƭǘƛǇƭŜ 

ŀōƴƻǊƳŀƭ ŎƭƛƴƛŎŀƭ ŜƴǘƛǘƛŜǎ ŀƴŘ ǘƘŜ ǊŜŘǳŎŜŘ ǇǊƻōŀōƛƭƛǘȅ ƻŦ ōŜƛƴƎ ŀōƭŜ ǘƻ ƛŘŜƴǘƛŦȅ ǘƘŜ ƻƴŜ ŎƭƛƴƛŎŀƭ 

Ŝƴǘƛǘȅ ǘƘŀǘ ƭƛƪŜƭȅ ǇǊŜŎŜŘŜǎ ƻǘƘŜǊ ŘŜǾŜƭƻǇƛƴƎ ŜƴǘƛǘƛŜǎΣ ǘƘŜ ǎƻƭǳǘƛƻƴ ǘƻ ŀ ŘŜŦƛƴƛǘƛǾŜ ŘƛŀƎƴƻǎǘƛŎ ƛǎ ƴƻǘ 

ǎǘǊŀƛƎƘǘ ŦƻǊǿŀǊŘΦ 9ǎǎŜƴǘƛŀƭƭȅΣ ƛƴ ǎǇƛǘŜ ƻŦ ǘƘƛǎ ŎƻƳǇƭŜȄƛǘȅΣ L ōŜƭƛŜǾŜ ǘƘŀǘ ƛǘ ƛǎ Ǉƻǎǎƛōƭȅ ǘƻ ƳŀƴŀƎŜ ŀ 

ƎǊƻƛƴ ƻǊ ƘƛǇ ǇǊƻōƭŜƳ ǿƛǘƘƻǳǘ ŀ ŘŜŦƛƴƛǘƛǾŜ ŘƛŀƎƴƻǎƛǎΦ ¢Ƙƛǎ Ƙŀǎ ōŜŜƴ ŀ ƪŜȅ ŦŀŎǘƻǊ ŦƻǊ ƳŜ ƻǾŜǊ ǘƘŜǎŜ 

Ǉŀǎǘ ȅŜŀǊǎ ǎƛƴŎŜ ǳƴŘŜǊǘŀƪƛƴƎ ǘƘŜ ǘƘŜǎƛǎΦ L ƘŀǾŜ ƻōǎŜǊǾŜŘ ǘƘŜ ǇƻǎƛǘƛǾŜ ƻǳǘŎƻƳŜ ƻŦ Ƴȅ ƎǊƻƛƴ ŀƴŘ 

ƘƛǇ ǇŀǘƛŜƴǘǎ ŘŜǎǇƛǘŜ ƴƻǘ ƘŀǾƛƴƎ ŀ ŘŜŦƛƴƛǘƛǾŜ ŘƛŀƎƴƻǎƛǎΦ ¢Ƙƛǎ Ƙŀǎ  ƛƴǾƻƭǾŜŘ ŀ ǘƘƻǊƻǳƎƘ 

ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ōƛƻƳŜŎƘŀƴƛŎǎ ŀƴŘ ŀƴŀǘƻƳƛŎŀƭ ŦǳƴŎǘƛƻƴŀƭƛǘȅ ƻŦ ŜŀŎƘ ŀǘƘƭŜǘŜ ŀƴŘ ǘƘŜ ǎǇŜŎƛŦƛŎ 

ǎǇƻǊǘ ǿƛǘƘ ǿƘƛŎƘ ǘƘŜȅ ŀǊŜ ƛƴǾƻƭǾŜŘΦ ¢Ƙƛǎ ǎǘǊŀǘŜƎȅ ǿƛƭƭ ōŜ ƳŜƴǘƛƻƴŜŘ ƛƴ ŘŜǘŀƛƭ ƛƴ /ƘŀǇǘŜǊ мм -

όtǊŜǾŜƴǘƛƻƴύΦ  
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Chapter 3: Anatomy 

3a) General 

Without a clear clinical pathological diagnosis, the subsequent management of 

chronic groin pain is difficult. As discussed, the combination of complex anatomy, variability of 

presentation and the non-specific nature of the signs and symptoms make the diagnostic process 

problematical. This is apparent in clinical practice, where different specialist surgeons focus on a 

specific anatomical area and operate accordingly, as will be discussed in Chapter 7 ς Surgery. I 

believe that the limitation in clinical diagnosis, based on patient signs and symptoms in hip and 

groin pain increases the importance of an ƛƴ-ŘŜǇǘƘ ƪƴƻǿƭŜŘƎŜ ƻŦ ǎǘǊǳŎǘǳǊŀƭ ŀƴŘ ŦǳƴŎǘƛƻƴŀƭ 

ŀƴŀǘƻƳȅ ƛƴ ǘƘƛǎ ŀǊŜŀ ǿƘƛŎƘ ǿƛƭƭ ŎƭŜŀǊƭȅ ōŜ ǎƘƻǿƴ ƛƴ ǘƘƛǎ ŎƘŀǇǘŜǊΦ ¢Ƙƛǎ Ƴŀȅ ŘƛǊŜŎǘ ǘƘŜ ŎƭƛƴƛŎƛŀƴ ǘƻ 

ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ ŦǳƴŎǘƛƻƴŀƭƛǘȅ ƻŦ ǘƘŜ ƳƻǾŜƳŜƴǘ ǇŀǘǘŜǊƴǎ ŀƴŘ ōȅ ŀǎǎŜǎǎƛƴƎ Ƴŀƭ-ŀŘŀǇǘŀǘƛƻƴǎΣ ōŜ 

ŀōƭŜ ǘƻ ǇǊŜǎŎǊƛōŜ ŀ ǇǊŜǾŜƴǘƛƻƴ ƻǊ ǊŜƘŀōƛƭƛǘŀǘƛƻƴ ǇǊƻǘƻŎƻƭΣ ƛƴ ǎǇƛǘŜ ƻŦ ƴƻǘ ƘŀǾƛƴƎ ŀ ŘŜŦƛƴƛǘƛǾŜ ǎƛƴƎƭŜ 

ŘƛŀƎƴƻǎƛǎΦ 

{ƭƛŘŜ му 

 

This understanding of the structural and functional anatomy was highlighted in a presentation by 

Weir, at the Doha conference (Nov 2014) and shown succinctly on Slide 18. This shows the 

epidemiology of elite and non- elite football players. The diagnoses are classified according to 

the anatomical structure implicated. A number of structures lie in close proximity to one another 
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in a relatively small defined area of the hip and groin and an intimate knowledge of the anatomy 

is required to accurately identify implicated injured structures.   

IƻƭƳƛŎƘ όнлмоύ ŘƛǎŎǳǎǎŜŘ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ŀƴŀǘƻƳȅ ǿƘŜƴ ǊŜǇƻǊǘƛƴƎ ǘƘŀǘ ǘƘŜ ƳǳǎŎƭŜǎΣ ǘŜƴŘƻƴǎΣ 

ƴŜǊǾŜǎΣ ƭƛƎŀƳŜƴǘǎ ŀƴŘ Ƨƻƛƴǘǎ ƛƴ ǘƘŜ ƘƛǇ ŀƴŘ ƎǊƻƛƴ ǊŜƎƛƻƴ ƛƴǘŜǊŀŎǘ ŀƴŘ ŘŜǇŜƴŘ ƻƴ ŜŀŎƘ ƻǘƘŜǊΦ Lƴ Ƴȅ 

ǇǊŀŎǘƛŎŜΣ L ƴƻǿ ǾŀƭǳŜ ǘƘŀǘ ǘƘŜ ǎȅƴŜǊƎƛŜǎ ōŜǘǿŜŜƴ ƳǳǎŎƭŜǎ ŀŎǘƛƴƎ ŀŎǊƻǎǎ ǘƘŜ  ǎŀŎǊƻLƭƛŀŎ ƧƻƛƴǘǎΣ 

ǇŜƭǾƛǎ ŀƴŘ ƘƛǇ Ƨƻƛƴǘǎ ŀǊŜ ŜǎǎŜƴǘƛŀƭ ŦƻǊ ŀŎƘƛŜǾƛƴƎ ƎƻƻŘ ŦǳƴŎǘƛƻƴ ƻŦ Ƴƻǎǘ ƳƻǾŜƳŜƴǘǎ ǘƘŀǘ ƛƴǾƻƭǾŜ 

ǘƘŜ ŜȄǘǊŜƳƛǘƛŜǎΦ CǊƻƳ Ƴȅ ŎƭƛƴƛŎŀƭ ǘŜŀŎƘƛƴƎ ŜȄǇŜǊƛŜƴŎŜ ŀƴŘ ƎŜǘǘƛƴƎ ŦŜŜŘōŀŎƪ ŦǊƻƳ ǇŀǊǘƛŎƛǇŀƴǘǎΣ L 

ǊŜŀƭƛȊŜ ǘƘŀǘ ŦǳƴŎǘƛƻƴŀƭ ŀƴŀǘƻƳƛŎŀƭ ƪƴƻǿƭŜŘƎŜ ƛƴ ǘƘƛǎ ŀǊŜŀ Ƙŀǎ ōŜŜƴ ǳƴŘŜǊŜǎǘƛƳŀǘŜŘ ŦƻǊ ȅŜŀǊǎ ōȅ 

ŎƭƛƴƛŎƛŀƴǎ ǿƘƻ ǘŜƴŘ ǘƻ ŦƻŎǳǎ ƻƴ ƻƴŜ ǇŀǊǘƛŎǳƭŀǊ ŀƴŀǘƻƳƛŎŀƭ ŀǊŜŀΦ  

 

{ƭƛŘŜ мф 
 

 

 

!ǘ ǘƘŜ Cƻƻǘōŀƭƭ !ǎǎƻŎƛŀǘƛƻƴ ƳŜŜǘƛƴƎ ƛƴ [ƻƴŘƻƴ όнлмтύΣ aŜȅŜǊǎ ǎǘǊŜǎǎŜŘ ǘƘŜ ŦǳƴŘŀƳŜƴǘŀƭ 

ŀǇǇǊŜŎƛŀǘƛƻƴ ƻŦ ǘƘŜ ŀƴŀǘƻƳȅ ƻŦ ǘƘŜ ƎǊƻƛƴ ŀƴŘ ƘƛǇ ǊŜƎƛƻƴ ǿƘŜƴ ŘŜŀƭƛƴƎ ǿƛǘƘ ŀƴȅ ƎǊƻƛƴ ƻǊ ƘƛǇ 

ǇŀǘƘƻƭƻƎȅκǇŀƛƴΦ IŜ ƘƛƎƘƭƛƎƘǘŜŘ ǘƘŜ ƛƴǘŜǊ-ǊŜƭŀǘƛƻƴǎƘƛǇǎ ōŜǘǿŜŜƴ ǘƘŜ ƘƛǇ ŀƴŘ ǘƘŜ ǇǳōƛŎ Ƨƻƛƴǘ ŀƴŘ 

ŘŜǎŎǊƛōŜŘ the anatomic and pathophysiologic basis for abdominal and groin pain in athletes 

όaŜȅŜǊǎ Ŝǘ ŀƭΦΣ нллтύΦ tǊŜǾƛƻǳǎƭȅΣ ǘƘŜȅ depicted the pelvic anatomy pertinent to the clinical 

problems and correlated this anatomy with a number of syndrome variants (Meyers et al., 2005) 
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ό{ƭƛŘŜ мфύΦ ¢Ƙǳǎ ǘƘŜ emphasis was on specific structures rather than the inter-relationship 

between structures. 

 L ǘƻǘŀƭƭȅ ŎƻƴŎǳǊ ǿƛǘƘ ǘhe authors ǘƘŀǘ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ ŀ άǇǳōƛŎ Ƨƻƛƴǘέ ƻǊ άǇǳōƛŎ ŘȅƴŀƳƛŎ ŎƻƳǇƭŜȄέ 

was the essence to understanding the anatomy and pertinent pathophysiology in groin and hip 

patients.  Brandon et al. (2011) explained the major role the pubic symphysis plays in anchoring 

the anterior abdominal wall, inguinal region and the adductor group and also how the inguinal 

region functions as a transition zone between the torso, lower extremities and the genital area. 

These lessons should be at the forefront of treatment, rehabilitation and prevention of groin and 

hip pathologies. I now realise that we have previously underestimated the role of the pubic joint 

in carrying the forces and resultant stresses from the upper body to lower limbs and particularly 

in different sporting activities. 

On request, Meyers provided άōǳƭƭŜǘ Ǉƻƛƴǘǎέ ŦƻǊ ǘƘŜ Millson Handbook on Groin and Hips (2012) 

and outlined anatomic concepts essential in the management of these patients. The role of the 

pubic joint and associated areas was strongly highlighted as below: 

 

¶ The pubic joint and its significant role in the management of groin pain. 

¶ The aponeurotic plate (the fibrocartilage that surrounds both pubic symphyses) 

¶ The centrally attaching muscles and soft tissues, e.g. rectus abdominis, pectineus, 

adductor longus and adductor brevis, versus the peripheral supportive muscles, 

e.g. rectus femoris, iliacus, psoas, sartorius 

¶ Identification of core muscle functionality 

¶ Inter-relationships between the hip and the pubic joint 
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{ƭƛŘŜ нл 
 

 

{ƭƛŘŜ нм 

 
 
Slide 20 clearly highlights the role of the hip and groin in relation to its combination of 

movement patterns and dysfunctions. Although groin pain from hip pathology is well recognized, 

lower anterior abdominal wall and anterior pelvis structures may also be interrelated sources of 

pain. Understanding the structural anatomy is essential to understanding the contribution made 

by the different structures. As shown on Slide 21, although muscles have anatomical 

individuality, they do not all have functional individuality and this provides further insight into 

how each structure relates to each other in movement.  
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{ƭƛŘŜ нн 

 

 
{ƭƛŘŜ но 
 

 
 

High-risk activities such as soccer, ice hockey, rugby, basketball, athletics, hockey, cricket and 

others, place great strain on the fascial and musculoςskeletal structures that are fixed to various 

bony anatomical points in close proximity (Slides 22 and 23). These sports generate significant 

torsional stress at the transition zones between the abdomen and the pelvis which increases the 

risk of injury. ¢Ƙƛǎ ƛǎ ǇŀǊǘƛŎǳƭŀǊƭȅ ǘǊǳŜ ŦƻǊ ǎǇƻǊǘǎ ǿƘƛŎƘ ƛƴǾƻƭǾŜ rapid acceleration and 
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deceleration, sudden changes in direction, ƪƛŎƪƛƴƎ ƻǊ ǘǿƛǎǘƛƴƎ όWhittaker et al., 2015). If the 

clinician evaluates each individual sport and specific biomechanical demands of each position 

within the sport the resultant management would be possible. Evaluating the exact pelvic 

torsion for each sport or position therein would require very specific research and would be 

most useful. As there are no studies regarding this specificity, in my profession, I have 

endeavoured to either take part in the particular sport e.g. basketball for a better understanding 

of the requirements, or sat by the field for many hours analysing the different movement 

patterns and consequences thereof. This is time consuming, but most worthwhile in terms of 

specific management for prevention or rehabilitation. To date this is not done by the majority of 

clinicians, due to time restraints. I believe it should be mandatory for clinicians to spend more 

time in the practical area where the functional anatomy and biomechanical permutations are 

clearly demonstrated. 

 
{ƭƛŘŜ нп 
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{ƭƛŘŜ нр 
 

 
 
{ƭƛŘŜ нс  
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{ƭƛŘŜ нт 
 

 
 
{ƭƛŘŜ ну 
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{ƭƛŘŜ нф 
 

 
 
Lƴ Ƴȅ ǇǊŜǎŜƴǘŀǘƛƻƴǎΣ {ƭƛŘŜǎ нп ς нф ŀǊŜ ŘƛǎŎǳǎǎŜŘ ƛƴ ŘŜǇǘƘ ŜΦƎΦ ŀǎ ǎƘƻǿƴ ƛƴ {ƭƛŘŜ нр ǘƘŜ ŘƛŦŦŜǊŜƴǘ 

ŘŜƳŀƴŘǎ ƻƴ ǘƘŜ ƎǊƻƛƴ ŀƴŘ ƘƛǇ ǊŜƎƛƻƴ ƛƴ ǎǇƻǊǘǎ ǎǳŎƘ ŀǎ ōŀǎƪŜǘōŀƭƭΣ ƪƛŎƪ ōƻȄƛƴƎΣ ƘǳǊŘƭƛƴƎ ƻǊ ǿŜƛƎƘǘ 

ƭƛŦǘƛƴƎ ƻǊ {ƭƛŘŜ нт ŀƴŘ ǘƘŜ ōƛƻƳŜŎƘŀƴƛŎŀƭ ŘŜƳŀƴŘǎ ŦƻǊ ŎǊƛŎƪŜǘΦ ¢ƘŜǎŜ ǎƭƛŘŜǎ ŀǊŜ ŜȄǇƭŀƛƴŜŘ ŎƭŜŀǊƭȅ 

ŀƴŘ ǘƘŜ ƎǊƻƛƴ ŀƴŘ ƘƛǇ ŀǊŜŀ ƘƛƎƘƭƛƎƘǘŜŘ ǎǇŜŎƛŦƛŎŀƭƭȅΦ ¢Ƙƛǎ ƛǎ ŘŜǇŜƴŘŀƴǘ ƻƴ ǘƘŜ ŀǘǘŜƴŘŜŜǎΣ ǘƘŜ ƭŜǾŜƭ 

ƻŦ ŜȄǇŜǊǘƛǎŜ ǘƘŀǘ ǘƘŜȅ ƘŀǾŜ ŀƴŘ ǘƘŜ ǇŀǊǘƛŎǳƭŀǊ ǎǇƻǊǘǎ ǘƘŀǘ ǘƘŜȅ ŀǊŜ ƳŀƴŀƎƛƴƎΦ IƛǎǘƻǊƛŎŀƭƭȅΣ ǘƘŜ 

ŜȄŀŎǘ ŘŜǘŀƛƭǎ ŀƴŘ ƴǳŀƴŎŜǎ ƻŦ ŜŀŎƘ ŀŎǘƛǾƛǘȅ ƻƴ ǘƘŜ ƎǊƻƛƴ ŀƴŘ ƘƛǇ ŀǊŜŀΣ Ƙŀǎ ƴƻǘ ōŜŜƴ ǎǳŦŦƛŎƛŜƴǘƭȅ 

ŎƻǾŜǊŜŘ ƛƴ ƳŜŘƛŎŀƭ ŎǳǊǊƛŎǳƭŀŜΦ ¢Ƙƛǎ Ƙŀǎ ōŜŜƴ ŜǾƛŘŜƴǘ ōȅ ǘƘŜ ƻƴƎƻƛƴƎ ŘŜƳŀƴŘǎ ŦƻǊ Ƴȅ 

tǊŜǎŜƴǘŀǘƛƻƴǎ ŀƴŘ ǘƘŜ ǇƭŜǘƘƻǊŀ ƻŦ ǉǳŜǎǘƛƻƴǎ ŀǘ ŜŀŎƘ ǇǊŜǎŜƴǘŀǘƛƻƴΦ 

 

aȅ ŀƛƳ ƛǎ ǘƻ ŦƻŎǳǎ ǘƘŜ ŀǘǘŜƴŘŜŜǎ ƻƴ ǘƘŜ ƎǊƻƛƴ ŀƴŘ ƘƛǇ ŀǊŜŀ ŀƴŘ ŘŜŎƛǇƘŜǊ ǘƘŜ ŜȄŀŎǘ ƳƻǾŜƳŜƴǘ 

ǇŀǘǘŜǊƴǎ ŦƻǊ ŜŀŎƘ ǎǇƻǊǘΣ ƛƴŎƭǳŘƛƴƎ ōŀƭƭŜǘΦ L ōŜƭƛŜǾŜ ǘƘŀǘ ǿŜ όƛƴŎƭǳŘƛƴƎ ƳȅǎŜƭŦύ ƘŀǾŜ ƴƻǘ ǊŜŀƭƛǎŜŘ ǘƘŜ 

ǎƛƎƴƛŦƛŎŀƴŎŜ ƻŦ ǘƘŜ ŦǳƴŎǘƛƻƴŀƭƛǘȅ ƻŦ ǘƘƛǎ ŀǊŜŀ ǇǊŜǾƛƻǳǎƭȅΦ ¢Ƙǳǎ ƛƴ ƻǊŘŜǊ ǘƻ ǇǊŜǾŜƴǘ ŀƴŘ ǊŜƘŀōƛƭƛǘŀǘŜ 

ƎǊƻƛƴ ŀƴŘ ƘƛǇ ǇŀǘƘƻƭƻƎƛŜǎΣ ǘƘŜ ŎƭƛƴƛŎƛŀƴ ƴŜŜŘǎ ǘƻ ƘŀǾŜ ŀ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ƪƴƻǿƭŜŘƎŜ ƻŦ ǘƘŜ ǎǇƻǊǘΣ 

ǎǇŜŎƛŦƛŎ Ǉƻǎƛǘƛƻƴ ŀŘƻǇǘŜŘΣ ǘƘŜ ŦǳƴŎǘƛƻƴŀƭ ŀƴŀǘƻƳȅ ƻŦ ǊŜƭŜǾŀƴǘ ǎǘǊǳŎǘǳǊŜǎ ŀƴŘ ǎǇŜŎƛŦƛŎ 

ōƛƻƳŜŎƘŀƴƛŎǎ ƻŦ ǘƘŜ ǎǇƻǊǘΦ 
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{ƭƛŘŜ ол 

 
 

      {ƭƛŘŜ ол ŜȄǇƭŀƛƴǎ ǘƘŜ ǊƻƭŜ ƻŦ Ƴƻōƛƭƛǘȅ ŀƴŘ ǎǘŀōƛƭƛǘȅ ƛƴ ƳƻǾŜƳŜƴǘΦ CǳƴŎǘƛƻƴŀƭ ƳƻǾŜƳŜƴǘ ƛƴ ŀƴȅ   

      ƎƛǾŜƴ ǎǇƻǊǘ Ŏŀƴ ƻƴƭȅ ōŜ ŜŦŦŜŎǘƛǾŜ ƛŦ ǘƘŜ ƴŜǳǊƻ-ƳƻǘƻǊ ŎƻƴǘǊƻƭ ƛǎ Ŧǳƭƭȅ ŦǳƴŎǘƛƻƴŀƭΦ To control  

      movement, the nervous system must integrate multimodal sensory information and elicit the  

      necessary signals to recruit muscles to carry out a goal. This pathway includes multisensory   

      integration, signal processing, coordination, biomechanics, and cognition. /ƻƳŜǊŦƻǊŘ ŀƴŘ     

      aƻǘǘǊŀƳ όнллмύ ŀƴŘ IƛŘŜǎ όмффсύΣ ƘƛƎƘƭƛƎƘǘŜŘ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ Ŏƻ-ƻǊŘƛƴŀǘŜŘ ƳƻǾŜƳŜƴǘ ŀǎ  

      it requires precise proprioceptive input from the periphery, processing and input from the  

      central nervous system and involves timing of muscle recruitment as well as muscle  

      contraction. Prevention and rehabilitation cannot be successful unless the neuro-motor  

      factors are the basis of the management. This is taught at undergraduate level. However, from my  

      experience, I realise that many clinicians underestimate the importance of neuro-motor control  

      and how vital it is for athletes. I believe that this is also a crucial factor for enhancing performance 

      in all sportsmen and women and have given many presentations / workshops Nationally and  

      Internationally on this topic. 

 

 

 

 

 

https://en.wikipedia.org/wiki/Multisensory_integration
https://en.wikipedia.org/wiki/Multisensory_integration
https://en.wikipedia.org/wiki/Signal_processing
https://en.wikipedia.org/wiki/Coordination
https://en.wikipedia.org/wiki/Biomechanics
https://en.wikipedia.org/wiki/Cognition
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{ƭƛŘŜ ом 
 

 

 

The feedback and feedforward components of the neuro-motor system is demonstrated in Slide 

31. In my practice, I give most patients a copy of this diagram with a full explanation to give them 

a better understanding of the specific exercises that have been given to them and thus empower 

them to be compliant. This is a key point of my approach and is implemented from grass-roots to 

elite level in sports health care. 

Neuro-motor control of the entire kinetic chain is an important factor in preventing groin and hip 

pathologies, whether it is post injury or for a preventative or a screening strategy (Comerford 

and Mottram, 2001; Hides and Stanton, 2014; Horobin and Thawley, 2015; Mischiati et al., 

2015). Mendis and Hides (2016) highlighted how motor control training programs aimed at the 

lumbo-pelvic region also benefit the hip muscles. Their findings showed that players with current 

low back pain, who had the motor control training intervention mitigated sartorius muscle 

atrophy and increased gluteus medius muscle size. These findings are relevant in both the 

aetiology and management of athletes with groin or hip pain or potential pathologies by the 

parallel management of low back pain in elite football players. 
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{ƭƛŘŜ он 
 

 
 
aƻǾŜƳŜƴǘ ŎƻƴǘǊƻƭ ƻŦ ǘƘŜ ƘƛǇΣ ǇŜƭǾƛǎ ŀƴŘ ǘƘƻǊŀȄ ŘǳǊƛƴƎ ǎǇƻǊǘǎ ƛǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ōƛƻƳŜŎƘŀƴƛŎŀƭ 

ƻǾŜǊƭƻŀŘ ƻŦ ŀƭƭ ǘƘŜǎŜ ŀƴŀǘƻƳƛŎŀƭ ǎǘǊǳŎǘǳǊŜǎ ƛƴ ŀƴŘ ŀǊƻǳƴŘ ǘƘŜ ƘƛǇ ŀƴŘ ƎǊƻƛƴ ǊŜƎƛƻƴ ό{ƭƛŘŜ онύΦ !ǎ 

ǘƘƛǎ ƻǾŜǊƭƻŀŘ Ƴŀȅ ƭŜŀŘ ǘƻ ǇŀǘƘƻƭƻƎȅΣ ǇǊƻǾƛŘƛƴƎ ƻǇǘƛƳŀƭ ǇǊŜ-Ƙŀōƛƭƛǘŀǘƛƻƴ ƻŦ ǘƘŜǎŜ ǊŜƎƛƻƴǎ ǿƻǳƭŘ ōŜ 

ŀ ōŀǎƛŎ ǎǘŜǇ ƛƴ ǇǊŜǾŜƴǘƛƴƎ ƻǾŜǊƭƻŀŘ ƛƴ ǘƘŜ ŦƛǊǎǘ ǇƭŀŎŜ ό/ƘŀƴƎ Ŝǘ ŀƭΦΣ нлмтύΦ ¢Ƙƛǎ ƳŀƴŀƎŜƳŜƴǘ ƻŦ 

ƻǾŜǊƭƻŀŘ ƛǎ ŀ ŎǊǳŎƛŀƭ ŜƭŜƳŜƴǘ ƻŦ Ƴȅ ǇǊŜǾŜƴǘƛƻƴ ŀƴŘ ǘǊŜŀǘƳŜƴǘ ƻŦ ŀǘƘƭŜǘŜǎ ŀƴŘ ǿƛƭƭ ōŜ ŜȄǇƭŀƛƴŜŘ ƛƴ 

ƳƻǊŜ ŘŜǘŀƛƭ ƛƴ /ƘŀǇǘŜǊ мл ς wƛǎƪ CŀŎǘƻǊǎΦ 

{ƭƛŘŜ оо 
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Lƴ ά/ƭƛƴƛŎŀƭ {ǇƻǊǘǎ aŜŘƛŎƛƴŜέ ό.ǊǳƪƴŜǊ ŀƴŘ YŀƘƴΣ нлмтύΣ ǘƘŜ ŀǳǘƘƻǊǎ ŘƛǎŎǳǎǎ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ 

ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ ŦǳƴŎǘƛƻƴŀƭ ŀƴŀǘƻƳȅ ŀƴŘ ǘƘŜƴ ƛŘŜƴǘƛŦȅƛƴƎ ŀƴŘ ǊŜŘǳŎƛƴƎ ǘƘŜ ǎƻǳǊŎŜǎ ƻŦ 

ƛƴŎǊŜŀǎŜŘ ƭƻŀŘ ƻƴ ǘƘŜ ǇŜƭǾƛǎ ό{ƭƛŘŜ ооύΦ ¢Ƙƛǎ Ƙŀǎ ōŜŜƴ ŀ ōǊŜŀƪǘƘǊƻǳƎƘ ƛƴ ƭƻƻƪƛƴƎ ŀǘ ǘƘŜ ŀƴŀǘƻƳȅ ƛƴ 

ŀ ŦǳƴŎǘƛƻƴŀƭ ƳŀƴƴŜǊ ŀƴŘ Ƙŀǎ ōŜŜƴ Ƴȅ Ǝƻŀƭ ŦƻǊ Ƴŀƴȅ ȅŜŀǊǎΦ L ōŜƭƛŜǾŜ ǘƘŀǘ ǘƘƛǎ ŜŘǳŎŀǘƛƻƴ ǎƘƻǳƭŘ ōŜ 

ƳŀƴŘŀǘƻǊȅ ƛƴ ǘƘŜ ŜŘǳŎŀǘƛƻƴ ƻŦ ǎǇƻǊǘǎ ŎƭƛƴƛŎƛŀƴǎΣ ŀǎ ǘƘƛǎ Ƙŀǎ ƴƻǘ ŀƭǿŀȅǎ ƘƛƎƘƭƛƎƘǘŜŘΦ /ƭƛƴƛŎƛŀƴǎ ŀǊŜ 

ǘŀǳƎƘǘ ǎǇŜŎƛŦƛŎ ŀƴŀǘƻƳƛŎŀƭ ǎǘǊǳŎǘǳǊŜǎ ŀƴŘ ǳƴŘŜǊŜǎǘƛƳŀǘŜ ǘƘŜ ŎǊǳŎƛŀƭ Ǉƻƛƴǘ ƻŦ ŦǳƴŎǘƛƻƴŀƭ ŀƴŀǘƻƳȅΦ 

¢Ƙƛǎ ƛǎ ŀ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ǇŀǊǘ ƻŦ Ƴȅ ǇǊŜǎŜƴǘŀǘƛƻƴǎΣ ƴƻ ƳŀǘǘŜǊ ǘƻ ǿƘƻƳ L ŀƳ ǇǊŜǎŜƴǘƛƴƎΦ  ¢ƘŜ 

ŎƭƛƴƛŎƛŀƴ ǊŜǉǳƛǊŜǎ ƎƻƻŘ ŀƴŀǘƻƳƛŎŀƭ ōƛƻƳŜŎƘŀƴƛŎŀƭ ƪƴƻǿƭŜŘƎŜ ŀƴŘ ǘƘǳǎ ǘƘŜ ŀōƛƭƛǘȅ ǘƻ ŀǎǎŜǎǎ ǘƘŜ 

ŀǘƘƭŜǘŜ ŦƻǊ ŀƴȅ ƳŀƭŦǳƴŎǘƛƻƴΦ Lƴ Ƴŀƴȅ ƛƴǎǘŀƴŎŜǎ ƛƴ Ƴȅ ǇǊƻŦŜǎǎƛƻƴΣ L ƘŀǾŜ ƴƻǘ ōŜŜƴ ŀōƭŜ ǘƻ ǇƛƴǇƻƛƴǘ 

ŀ ǎǇŜŎƛŦƛŎ ŘƛŀƎƴƻǎƛǎ ǿƘŜƴ ŎƻƴŦǊƻƴǘŜŘ ǿƛǘƘ ŀƴ ŀǘƘƭŜǘŜ ǿƛǘƘ ƘƛǇ ƻǊ ƎǊƻƛƴ ǇŀƛƴΦ ¢ƘŜ ŎǊƛǘŜǊƛŀ ŦƻǊ ƳŜ ƛǎ 

ƛƴ ǘƘŜ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ǇƻǎǎƛōƭŜ ƛƴŎǊŜŀǎŜŘ ƭƻŀŘ ŀƴŘκƻǊ ƳŀƭŦǳƴŎǘƛƻƴΦ ¢Ƙƛǎ Ƴŀȅ ōŜ ƭŜƴƎǘƘȅ ƛƴ ǘŜǊƳǎ ƻŦ 

ǘƛƳŜΣ ōǳǘ L ƘŀǾŜ ŘŜŦƛƴƛǘŜƭȅ ŦƻǳƴŘ ƛǘ ŎƻƴǎǘǊǳŎǘƛǾŜ ǘƻ ƛŘŜƴǘƛŦȅ ŀƴȅ ƛƳǇŀƛǊƳŜƴǘǎ ŀƴŘ ŎƻǊǊŜŎǘƛƴƎ ǘƘŜƳ 

ǿƛǘƘƻǳǘ ǘƘŜ ǎǇŜŎƛŦƛŎ ŘƛŀƎƴƻǎƛǎΦ ¢ƘŜ ǊŜǎǳƭǘŀƴǘ ŜŦŦŜŎǘ ƛǎ ǇǊŜǾŜƴǘƛƻƴ ƻŦ ŀ ƘƛǇ ƻǊ ƎǊƻƛƴ ǇǊƻōƭŜƳ ƻǊ Ŧǳƭƭ 

ǊŜŎƻǾŜǊȅ ŦǊƻƳ ŀƴ ƛƴƧǳǊȅΦ ²Ƙƛƭǎǘ ǿƛǘƘ ǘƘŜ {ǳǇŜǊ мп wǳƎōȅ ǘŜŀƳ L ŘƛŘ ŀ ƳǳǎŎǳƭƻ-ǎƪŜƭŜǘŀƭ ǇǊŜ-ǎŜŀǎƻƴ 

ǎŎǊŜŜƴƛƴƎ ƻƴ ŜŀŎƘ ǇƭŀȅŜǊΣ ǿƘƛŎƘ ƛƴŎƭǳŘŜŘ ƻƴŜ ǎǇŜŎƛŦƛŎŀƭƭȅ ŦƻǊ ǘƘŜ ǇŜƭǾƛŎΣ ƎǊƻƛƴ ŀƴŘ ƘƛǇ ŀǊŜŀΦ ¢ƘŜ 

tbC ǇŀǘǘŜǊƴ ǿƘƛŎƘ L ǳǘƛƭƛǎŜŘ ǿŀǎ ƴƻǘ ǇǊŜǾƛƻǳǎƭȅ ǳǎŜŘ ƛƴ ǘƘƛǎ ŎƻƴǘŜȄǘΦ L ǎǘŀǊǘŜŘ ǳǎƛƴƎ ƛǘ ƛƴ ƳǳǎŎǳƭƻ-

ǎƪŜƭŜǘŀƭ ŀǎǎŜǎǎƳŜƴǘ ŀƴŘ ǊŜŀƭƛǎŜŘ ǘƘŜ ŜȄŎŜƭƭŜƴǘ ƻǳǘŎƻƳŜ ƛƴ ƛŘŜƴǘƛŦȅƛƴƎ ƎǊƻƛƴ ŀƴŘ ƘƛǇ ǿŜŀƪƴŜǎǎŜǎΦ 

¢Ƙƛǎ ǿŀǎ ŜǾŜƴ ǎƘŀǊŜŘ ǿƛǘƘ ǎƻƳŜ ƻŦ Ƴȅ ƳŜŘƛŎŀƭ ŎƻƭƭŜŀƎǳŜǎ ƛƴ tǊŜƳƛŜǊ [ŜŀƎǳŜΣ ŀǎ ƛǘ ƛǎ Ƴƻǎǘ 

ǇŜǊǘƛƴŜƴǘ ǘƻ ǘƘŜ ŦǳƴŎǘƛƻƴŀƭƛǘȅ ƻŦ Ŧƻƻǘōŀƭƭ ƪƛŎƪƛƴƎΦ ¢Ƙƛǎ ǿŀǎ ŦƻƭƭƻǿŜŘ ōȅ ǎǇŜŎƛŦƛŎ ǎǘŀǘƛŎ ŀƴŘ 

ŦǳƴŎǘƛƻƴŀƭ ŜȄŜǊŎƛǎŜǎ ǿƘŜǊŜ ǊŜǉǳƛǊŜŘΦ !ƭǘƘƻǳƎƘ ǘƘƛǎ ƛǎ ŀƴŜŎŘƻǘŀƭΣ L ōŜƭƛŜǾŜ ǘƘŀǘ ǘƘƛǎ Ƴŀȅ ƘŀǾŜ 

ǇǊŜǾŜƴǘŜŘ ƎǊƻƛƴ ŀƴŘ ƘƛǇ ƛƴƧǳǊƛŜǎ ǘƻ ŀ ŘŜƎǊŜŜΦ 
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{ƭƛŘŜ оп 
 

 

 

{ƭƛŘŜ ор 
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{ƭƛŘŜ ос 

 

As clearly shown in Slides 34 - 36, one of my primary objectives when giving presentations over 

the past years, has been to demonstrate the importance of structural and functional anatomy of 

this area and to highlight the disparity between anatomy in theory and anatomy in reality. Falvey 

et al. (2009) demonstrated a model which is relevant for interpretation of anatomical structures 

(Slide 34). They proposed an educational model based on patho-anatomical concepts which is a 

major part of my presentations. Anatomical reference points were selected to form a triangle 

namely the 3G approach (groin, gluteal and greater trochanter triangles), permitting the clinician 

to move throughout the region and consider pathologies appropriately. On Slide 35 and 36, one 

can see the difference of learning the precise structural anatomy from many text books and then 

observing the anatomy in patients during surgery or even cadavers to understand the multiple 

attachments and consequential complexity of the interaction of the muscles, which is often not 

represented in a 2-dimensional drawing. 

 

Lƴ ŀ ǇǊŜǎŜƴǘŀǘƛƻƴ L ƎŀǾŜ ǘƻ ǎǳǊƎŜƻƴǎ ŀǘ DƛƭƳƻǊŜΩǎ ǇǊŀŎǘƛŎŜ ƛƴ [ƻƴŘƻƴ όнлмоύΣ L ƘƛƎƘƭƛƎƘǘŜŘ ǘƘŜ 

importance of functional anatomy and even explained why it is important for there to be less 

surgery and more understanding of this functionality. I had expected a negative response to my 

frank presentation. However, the surgeons were very open to discussion thereafter and even 

asked me for some of my slides after the presentation. This frank discussion is not common 
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practice from physio to specialist. However, I felt the need to be transparent, as I have been 

observing the over-emphasis for surgery in the Premier League and other elite sport. 

Slide 37 

 

Slide 37 shows this interaction and the intimate relationship between the adductor longus, 

rectus abdominus and symphyseal cartilage, disk and capsular tissues, (Robertson et al., 2009 

and Robinson et al., 2007). It is thus surprising that management has not previously taken 

sufficient cognisance of this factor and that one cannot manage the hip and groin area without 

including all these anatomical structures and their functionality in all movements, as well as the 

entire kinetic chain.  I personally, have only come to realise in the past few years of this 

relevance, as have my colleagues (all levels of medical personnel), who admit to this lack of 

acknowledgement previously during discussions at my presentations. 

/ƻƴŎƭǳǎƛƻƴ ς DŜƴŜǊŀƭ !ƴŀǘƻƳȅ 

¢ƘŜ ƪŜȅ ŦŀŎǘƻǊ ǿƘŜƴ ǊŜƘŀōƛƭƛǘŀǘƛƴƎ ƻǊ ǇǊŜǾŜƴǘƛƴƎ ƎǊƻƛƴ ŀƴŘ ƘƛǇ ǇŀǘƘƻƭƻƎƛŜǎ ƛǎ ŦƻǊ ŎƭƛƴƛŎƛŀƴǎ ǘƻ 

ŀŎƪƴƻǿƭŜŘƎŜ ǘƘŀǘ wƘƛƭŜ ŀƭƭ ƳǳǎŎƭŜǎ ƘŀǾŜ ŀƴŀǘƻƳƛŎŀƭ ƛƴŘƛǾƛŘǳŀƭƛǘȅ ǘƘŜȅ Řƻ ƴƻǘ ƘŀǾŜ ŦǳƴŎǘƛƻƴŀƭ 

ƛƴŘƛǾƛŘǳŀƭƛǘȅΦ !ƴ ƛƴ-ŘŜǇǘƘ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ŀƴŀǘƻƳȅΣ ōŜ-ƛǘ ǎǘǊǳŎǘǳǊŀƭ ƻǊ ŦǳƴŎǘƛƻƴŀƭΣ ƛǎ ǘƘŜ 

ŎƻǊƴŜǊǎǘƻƴŜ ƻŦ ƳŀƴŀƎŜƳŜƴǘΦ CǳǊǘƘŜǊΣ ƛƴŘƛǾƛŘǳŀƭ ƳƻǾŜƳŜƴǘǎ ƛƴ ǎǇŜŎƛŦƛŎ ǎǇƻǊǘǎ ǎƘƻǳƭŘ ōŜ ŀƴŀƭȅǎŜŘ 

ƛƴ ǊŜǎǇŜŎǘ ƻŦ ƳǳǎŎǳƭƻ-ǎƪŜƭŜǘŀƭ ŀƴŘ ƴŜǳǊƻ ƳƻǘƻǊ ƳƻǾŜƳŜƴǘΦ ¢Ƙǳǎ ŀŎƪƴƻǿƭŜŘƎƛƴƎ ǘƘŜǎŜ ŦŀŎǘƻǊǎ 
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ŀƴŘ ŦƻƭƭƻǿƛƴƎ ŎƻǊǊŜŎǘ ǇǊƻŎŜŘǳǊŜǎ ǎƘƻǳƭŘ ŜƴŀōƭŜ ǘƘŜ ǇǊŜǾŜƴǘƛƻƴ ŀƴŘ ǊŜƘŀōƛƭƛǘŀǘƛƻƴ ƻŦ ƎǊƻƛƴ ŀƴŘ 

ƘƛǇ ǇǊƻōƭŜƳǎΦ 

 

3b. Specific Anatomical Areas  

3b i   Pubic Joint  

As has been briefly discussed, the concept of the pubic joint is the key to understanding the 

various injuries. When thinking prevention or management for groin and hip injuries, the 

maintenance of balance around the pubic joint is vital (Meyers et al., 2007). 

{ƭƛŘŜ оу 

 

¢ƘŜ ŀƴŀǘƻƳȅ ƻŦ ǘƘŜ ǇǳōƛŎ ǎȅƳǇƘȅǎƛǎ ŀƴŘ ƛǘǎ ǊƻƭŜ ǿƛǘƘ ǊŜƎŀǊŘ ǘƻ ǘƘŜ ŜƴǘƛǊŜ ƪƛƴŜǘƛŎ ŎƘŀƛƴΣ Ƙŀǎ ƴƻǘ 

ōŜŜƴ Ŧǳƭƭȅ ŀƴŀƭȅǎŜŘ ƛƴ ǘƘŜ ǇŀǎǘΦ  ¢ƘŜ ǇǳōƛŎ ǎȅƳǇƘȅǎƛǎ Ŏƻƴǎƛǎǘǎ ƻŦ ŀ ŎŜƴǘǊŀƭ ŦƛōǊƻ-ŎŀǊǘƛƭŀƎŜƴƻǳǎ ŘƛǎŎ 

ǿƘƛŎƘ ƛǎ ǎŀƴŘǿƛŎƘŜŘ ōŜǘǿŜŜƴ ǘƘƛƴ ƭŀȅŜǊǎ ƻŦ ƘȅŀƭƛƴŜ ŎŀǊǘƛƭŀƎŜ ǿƘƛŎƘ Ŏƻŀǘ ǘƘŜ ŀǊǘƛŎǳƭŀǊ ŎƻǊǘŜȄ ƻŦ 

ǘƘŜ ǎȅƳǇƘȅǎƛǎ ōƛƭŀǘŜǊŀƭƭȅΦ The fibro-cartilaginous disk is reinforced by a series of ligaments 

including the superior pubic ligament and the inferior pubic ligament, which provide the most 

structural stability (Slide 38). The strong and thicker superior ligament is reinforced by the 

tendons of the rectus abdominis muscle, the abdominal external oblique muscle, the gracilis 

muscle, and by muscles of the hip. This allows the transfer of weight of the upright trunk from 

the sacrum to the hips. The attachments and the intimate relationship of adductor longus, rectus 

https://en.wikipedia.org/wiki/Rectus_abdominis_muscle
https://en.wikipedia.org/wiki/Abdominal_external_oblique_muscle
https://en.wikipedia.org/wiki/Gracilis_muscle
https://en.wikipedia.org/wiki/Gracilis_muscle
https://en.wikipedia.org/wiki/Muscles_of_the_hip
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abdominis and the symphyseal cartilage, disc and capsular tissues at and around the symphysis 

pubis were observed in a cadaver and MRI studies (Robinson et al. 2007).   

Understanding the anatomical attachments surrounding the pubic symphysis, highlights the 

implications for instability around this joint. Instability of the pubic symphysis may cause traction 

and shearing force where the muscles insert into the pubic symphysis and thus may be 

responsible for chronic stresses and imbalance. This may lead to the onset of a bone, muscle-

tendon or inguinal groin pain. This instability may either have a functional or structural 

mechanism. Altered biomechanics or muscle imbalance will lead to functional imbalance of the 

pubic symphysis (Robertson et al., 2009). It is clear that the pubic symphysis can have a far-

reaching effect on hip and groin pathology and should always be considered in a clinical 

examination of a painful athlete. In my practice, I have found that by correcting any malfunction 

and muscle imbalances around the pubic symphysis, the chances have been high for correcting 

any abnormalities and thus preventing or rehabilitating many hip and groin problems. This 

analysis of the functional anatomy has not always been common practice amongst clinicians and 

it has been important that going forward I highlight this factor in my presentations 

{ƭƛŘŜ оф 
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{ƭƛŘŜ пл 
 

 

Slides 39 and 40 explains the stress on the pubic symphysis joint and as has been mentioned 

previously, the term άosteitis pubisέ has been used for many years and apart from a few studies, 

it is only recently that the term pubic bone stress has been the accepted terminology. This is due 

to the observed bone marrow oedema being described as a natural phenomenon and ŀ 

ŎƻƴǎŜǉǳŜƴŎŜ ƻŦ ǇŜƭǾƛŎ ƻǾŜǊƭƻŀŘ ƛƴ ǎǇƻǊǘ όaƻƻǊŜΣ нлмн). To this day, I still believe that a pubic 

bone stress time line would be of benefit to clinicians. This may give clinicians an idea as to the 

amount of load that is present and the consequential management of unloading the pubic joint 

appropriately. There was some debate at the Groin and Hip Conference in 2014 (Aspetar - First 

World Conference) and 2016 (Football Medical Association Conference), when the expert panels 

were asked the relevance of pubic bone stress with regards to a time continuum and the 

possibility of an asymptomatic pubic bone stress becoming symptomatic. Future research is 

needed to provide insight into the relevance of the increased uptake of pubic bone stress and a 

time line to analyse the continuum of the increased uptake and thus possible prevention of any 

hip and groin pathology. 
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{ƭƛŘŜ пм 
 

 

Slide 42 

 

Regarding functional anatomy, one of the biggest lessons to be learnt from the anatomy of the 

hip and groin is interconnectedness of the tendons around the pubic joint and thus the resultant 

overload of the joint and other muscles, particularly if the muscles are weak (Weir, International 
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Olympic Committee Advanced Team Physician Course, Turkey 2017) (Slides 41 and 42). This 

understanding would lead to more in-depth evaluation of muscle imbalance and appropriate 

strengthening, not only of the adductor muscles, but also the abdominal muscles and other 

related muscles which play a major role in all functional movements, particularly in sports.  άCore 

ǎǘŀōƛƭƛǘȅέ Ƙŀǎ ōŜŜƴ ǘƘŜ ŦƻŎǳǎ ŦƻǊ ŜǾŜǊȅƻƴŜ ƻǾŜǊ ǘƘŜ Ǉŀǎǘ ȅŜŀǊǎ ǿƛǘƘƻǳǘ ǊŜŀƭƛǎƛƴƎ ǘƘŜ ƛƳǇƭƛŎŀǘƛƻƴǎ 

of the interconnectedness around the pubic joint and load management from the upper trunk to 

the lower trunk and lower limbs. This requires consideration for prevention of groin and hip 

problems.  

At the Football Medical Association Conference (May, 2016), Holmich stated in his presentation 

that one must be careful interpreting these anatomical structures and the so-ŎŀƭƭŜŘ άŘƛǊŜŎǘέ 

connection between muscles. He said that there is a difference between the bony attachment of 

the various tendons and the fascial connection which undoubtedly work together as structures, 

but this is a biomechanical factor and not necessarily a direct connection. He believed that one 

ǎƘƻǳƭŘ ōŜ ǾŜǊȅ ŎŀǊŜŦǳƭ ƴƻǘ ǘƻ ōŜ ŘƻƎƳŀǘƛŎ ǊŜƎŀǊŘƛƴƎ ǘƘŜ άŎǊƻǎǎƻǾŜǊ ŜŦŦŜŎǘέ ƻŦ ǘƘŜ ǘŜƴŘƻƴǎ ƧƻƛƴƛƴƎ 

up over the pubic area. This is currently an ongoing point of discussion. However, from my 

ŜȄǇŜǊƛŜƴŎŜΣ ǘƘƛǎ άŎǊossover ŜŦŦŜŎǘέ i.e. realising the implications of all the muscles involved 

around the pubic area and the crossover transference of load from one side of the upper body to 

the opposite side of the lower limbs via this pubic area is crucial. Although complex, it should be 

a guide for providing assessment and management of groin and hip pain. In my practice, even if I 

have not been able to give a definitive diagnosis for a patient, I have fully rehabilitated them by 

working on all the relevant structures associated with the pubic joint and not just concentrated 

on the groin or hip specifically. 

Conclusion ς Pubic Joint  

From the rehabilitation perspective for the implementation of a successful management 

programme, I suggest an in-depth understanding of all the muscle/ tendon/ fascial attachments 

to the pubic area and the consequential implications for functional movement. 
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3b ii.  Adductor Muscles 
 
Slide 43 
 

 
 
It has been shown that adductor muscle injuries occur in 13-70% of groin injuries (Ekstrand et al., 

2011; Mosler et al., 2018; Schilders et al., 2007; Schilders et al., 2013; Serner et al., 2014) (Slide 

43). Adductor muscle strains can result in missed playing time for athletes in many sports. This 

appears to be the case in most of the sports that require a lot of turning, kicking, twisting, 

acceleration and deceleration, or high intensity hip abduction. In sports such as ice hockey and 

soccer where there is strong eccentric contraction required of the adductor muscles, there is a 

high incidence of adductor strains (Coughlan et al., 2014; Cunningham et al., 2007; Delmore et 

al., 2014; Grote et al., 2004; Holmich et al., 2013; Hrysomallis, 2009; Jensen et al., 2014; Schilders 

et al., 2007; Thorborg et al., 2011). It is interesting to note that as far back as 1997, Jarvinen et al. 

described groin pain as an ά!ŘŘǳŎǘƻǊ {ȅƴŘǊƻƳŜέΦ Despite the identification of risk factors and 

strengthening intervention for ice hockey players, adductor strains continue to occur (Nicholas 

and Tyler, 2002). In my career, whilst dealing with elite sport and in particular, football, I have 

learnt that although the adductor strengthening programme is now being undertaken, the 

adductor muscles are not always strengthened functionally e.g. holding the leg in a hip flexion, 

adduction and external rotation (as in the kicking action). Since working with the Stormers Rugby 

team and identifying the weakness of the adductor muscles in the majority of the players, I have 
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continued to grow my knowledge by analysing all sports (and positions therein) and noting the 

different function of the adductor muscles in each instance. 

 
Slide 44 
 

 
 
A small percentage of the multitude of adductor studies is demonstrated on Slide 44. There are 

an increasing number of studies to show the importance of the adductor muscles in relation to 

the strength and balance required in most sports, as well as the fact that adductor longus is the 

most frequently injured muscle in groin and hip pathologies (Holmich et al., 2014 and Serner et 

al., 2015). In a screening evaluation, as well as for rehabilitation, strength and balance can be 

assessed appropriately as a prevention strategy (as discussed in Chapter 5 ς Assessment). Whilst 

the importance of the adductor muscles is implied in the scientific literature, it does not always 

seem to be applied by the clinical community, as can be seen by the continued high numbers of 

hip and groin injuries (Cianci et al., 2019; Pezzotta et al., 2018; Thorborg et al., 2018). Thus my 

presentations always strongly include the importance of a specific adductor strengthening 

programme for each athlete related to their specific requirements. Since 2000, working with the 

Stormers Rugby team and noting (anecdotedly) how our groin/hip injuries (as well as the 

hamstring strains) receded, I have been undertaking an adductor strengthening programme with 

positive outcomes and sharing this protocol with my colleagues. 
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Slide 45 

 

The proximal anatomy of adductor longus, adductor brevis and gracilis is complex (Slide 45). The 

arrangement and fusion of these muscles, their fibro-cartilaginous entheses and differences in 

vascularity of their proximal tendons may be important anatomical considerations in the 

pathogenesis and pattern of adductor-related groin pain and consequently the management 

thereof (Davis et al., 2012). I believe that specific and relevant strengthening and an awareness 

of maximal strength of all these muscles and the consequential correct movement may prevent 

groin and hip pathologies from developing in the first place. Fortunately this is now being put 

into practice as a normal procedure, which, from my practice and observation, was not the case 

10 years ago 

Cunningham et al. όнллтύ ǎǘŀǘŜŘ ǘƘŀǘ ƛƴ ǎƻŎŎŜǊ ǇƭŀȅŜǊ ǿƛǘƘ άŀǘƘƭŜǘƛŎ ǇǳōŀƭƎƛŀΣέ ŀŘŘǳŎǘƻǊ 

dysfunction was a more frequent MRI finding than osteitis pubis / pubic joint dysfunction. Both 

entities are mechanically related and they frequently co-exist. They hypothesised that adductor 

dysfunction might precede the development of the so-called osteitis pubis. Thus the fact that 

there may be more than one pathology leading to ǘƘŜ άƎǊƻƛƴ Ǉŀƛƴέ, re-enforces my management 

of looking at the entire kinetic chain and specifically analysing the load through the pubic area 

from above and below the groin. 

Serner and Jomah (2014) re-affirmed that the most acute injuries are adductor-related and their 

preliminary results support the belief that the adductor longus muscle is most frequently injured, 

with kicking being the most commonly reported injury mechanism. They developed a useful 
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classification system for adductor muscle injuries (Grade 1 to Grade 4) for acute groin injuries. As 

will be discussed in the rehabilitation chapter, specific exercises to strengthen the muscles 

involved with kicking action should be mandatory for prevention of adductor muscle injuries. 

This has not been the case from my observation over the years. Fortunately this new specific 

ƪƴƻǿƭŜŘƎŜ ƛǎ ǎƭƻǿƭȅ ŦƛƭƭƛƴƎ ǘƘŜ ƎŀǇ ŀƴŘ ǘƘŜ ŎƭƛƴƛŎƛŀƴΩǎ ŀǊŜ ŜȄǇŜǊƛŜƴŎƛƴƎ ŀ ƳƻǊŜ ŦǊǳƛǘŦǳƭ 

rehabilitation outcome. 

Slide 46 
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Slide 47 

 

When starting my work with the Stormers Super 14 Rugby Team (2000 ς 2006) as 

physiotherapist, I constructed a specific pre-screening proprioceptive neuromuscular facilitation 

assessment and consequential strengthening programme which targeted the adductor muscles 

(Chapter 5b iii). Previously, the players had sustained many hamstring injuries. It was most 

interesting at the time to observe that apart from the strengthening of the adductor muscles, 

the hamstring injuǊƛŜǎ ǿŜǊŜ άƛƴŎƛŘŜƴǘŀƭƭȅέ ǊŜŘǳŎŜŘ ŎƻƴǎƛŘŜǊŀōƭȅΦ Thus, it was most intriguing 

many years later to analyse the study of Obey et al. (2016) whereby previously, the mostly 

ignored factor of the anatomy of the adductor magnus muscle origin and the implications for 

proximal hamstring injuries were detailed. They stipulate that detailed knowledge of the 

adductor magnus tendon anatomy, footprint anatomy, and its relationship to the hamstring 

muscle complex was important in managing hamstring injuries (Slides 46 and 47). This may also 

indicate that the hamstring is another muscle that must be considered in the assessment and 

management of hip and groin injuries. This study provides support for the prevention strategy 

implemented with the Stormers Rugby in reducing hamstring injuries. Thus this proprioceptive 

neuromuscular facilitation protocol (which will be discussed in Chapter 5 ς Tests), may be of 

benefit for groin and hip problems and particularly, as a prevention strategy. Further, the critical 

key is to recognise the associated muscles and the entire kinetic chain. As important as they are, 

one should not manage the adductor muscles in isolation.  
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At the Manchester Consensus Conference on groin and hips (2012), important strategies 

regarding initial treatment and rehabilitation programme for inguinal disruption were 

mentioned. However, the adductor muscles were not specified. At the Consensus agreement in 

Doha on terminology and definitions in groin pain in athletes (2014), adductor-related groin pain 

was one of the defined clinical entities. Thus there has definitely been some progress over the 

past years and clinicians may realise that strong and functional adductor muscles are a most 

important factor for prevention and rehabilitation of most athletes with potential or current 

groin pain.  

 

Conclusion: Adductor Muscles 

The problem of weak adductor muscles and its link to groin and hip pain is undisputed in 

practice, as well as in the mentioned studies. One needs to differentiate between the orthodox 

understanding of anatomical anatomy and the understanding of inter-relationships of different 

anatomical structure i.e. functional anatomy. This could be an opportunity for future research.  

I suggest the clinician should analyse the scientific literature, as well as having an in-depth 

understanding of all the basic structural and functional anatomy. Further, the examination of all 

of the functional movements of the entire kinetic chain and identifying the cause for this 

weakness and any mal-adaptations may allow optimal management. I have found this to be 

most useful in my practice over the years. These findings have implications for assessment, 

rehabilitation, return to play criteria, as well as for a prevention approach. This will be 

highlighted in the relevant chapters (Chapters 8, 9, 11). 
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3b iii. Gluteal muscles 

Slide 48 
 

 

 

Slide 48 gives clear illustration of the gluteal muscles which consist of Gluteus Maximus, Gluteus 

Medius and Gluteus Minimus, each having varied functions and working closely with the Tensor 

Fascia Latae. They are considered key muscles for maintaining pelvic stability, hip stability, 

upright posture and locomotion (Semciw et al., 2016).  

 

Femoro-pelvic alignment is the end result of the complex interactions between all members of 

the abductor muscle synergy (Grimaldi, 2011). Grimaldi demonstrates the close association 

between hip abductor function and segmental alignment of the femur, pelvis and trunk and 

explained how clinical assessment of the lateral stability mechanism of the hip and pelvis 

identified abnormalities in postural habits and movement patterns that may reflect dysfunction 

of the hip abductor muscles. She also described the importance of the different layers with 

resultant different functionality. I personally do not think that in the past I took sufficient 

cognisance of the influence of the gluteal muscles on the entire kinetic chain. However, the 

acknowledgement and analysis of all the evidence and practical analysis as a result of 
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undertaking this thesis, has most definitely improved my management of all my athletes. That is 

not only for groin and hip problems, but many other injuries or potential injuries (such as 

hamstring strain, ACL strain etc) may be prevented by the recognition and consequential 

management of these important muscles. This management of the gluteal muscles has been a 

major factor in my development of prevention and rehabilitation of groin and hip problems over 

these past 5 years and most importantly, when sharing this valuable information with clinicians. 

 

Gluteus Maximus 

Slide 49 
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Slide 50 

 

 
Slide 51 
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Slide 52 

 

As specifically explained in Slides 49 to 52, Gluteus Maximus is the strongest muscle in the body 

and has a multi-tasking function, namely to maintain the upright position, perform external 

rotation and extension of the hip joint, extend the flexed thigh and support the extended knee 

through the ilio-tibial band. It also acts with the erector spinae muscles to control flexion of the 

trunk, as well as its co-contraction with the psoas major muscle contributes to lumbo-sacral 

stabilisation. Thus the role of the Gluteus Maximus is important for the biomechanics of the 

pelvic region, as well as the consequential effect on the entire kinetic chain (Liebermann, 2006). 

This role has largely been underestimated when analysing movement patterns, particularly 

regarding the different roles of various components of Gluteus Maximus (Lieberman et al., 

2006). The distinct regions of Gluteus Maximus appear to have different roles in movement of 

the hip and pelvic region which needs to be seriously considered in the assessment and 

treatment of hip and groin patients  
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Slide 53 

 

Slide 53 shows the different origins of the Gluteus Maximus as well as the 

interconnectedness of the Gluteus Maximus to other muscles and fascia. This all needs 

careful consideration when identifying any weaknesses or potential problems. 

Grimaldi et al. (2009) highlights the functional separation of Upper Gluteus Maximus and 

Lower Gluteus Maximus and the similarities of the Upper Gluteus Maximus and Tensor 

Fascia Latae, both superficial abductors appearing to maintain their size around the affected 

hip in spite of any malfunction. This would suggest that the 2 components need to be 

assessed independently with specific rehabilitation provided for each part of the muscles and 

has been part of my approach with my athletes over these past years.  

With this multi-faceted functionality and the interdependence of the kinetic chain, 

particularly the pelvic area and lower limb on the correct strength and performance of the 

Gluteus Maximus (as well as other Gluteal muscles), there is no doubt that targeting this 

muscle can have a major impact on prevention strategies. One has to consider that 

in this age, people are sitting for a large percentage of their day and thereby lengthening 

and thus potentially weakening the Gluteus Maximus muscle in specific ranges, which may 

impact on their performance in sport. This may then place extra pressure on the hamstrings 

and the lower lumbar spine. With more studies being produced and conferences 

highlighting the major role the Gluteii play in human movement, clinicians (including 
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myself) have become more aware of the absolute importance of Gluteus Maximus, 

particularly in the athletic domain (Andersen et al., 2018; McCurdy et al., 2018; Neto et al., 

2019). This has been one of the major factors that has improved my rehabilitation protocols 

(plus prevention strategies) and I have shared the positive outcome at all my presentations. 

 
Gluteus Medius / Gluteus Minimus / Tensor Fascia Latae  

 

As with Gluteus Maximus, Gluteus Medius, Gluteus Minimus and Tensor Fascia Latae are critical 

for stability and control of movement and are most important in the sports with different 

demands on the femoro-pelvic alignment (Retchford et al., 2013). 

 

Slide 54 
 

 

Slide 55 
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The role of Gluteus Medius and Minimus is very significant for pelvic stability and movement and 

its relationship with synergist and antagonistic muscles should be considered when managing 

athletes (Ebert et al., 2016; Neumann, 2010; Reiman et al., 2012) (Slides 54 and 55). This factor 

has been neglected in the past. My understanding of the integral role played my Gluteus Medius 

and Minimus in all body movements has developed over these past years and thus has allowed 

me to have a far more effective management in my clinical practice. This is not only with groin 

and hip pathologies, but most of the lower extremity. As with the Adductor muscles, the 

relevance of Gluteus Medius and Minimus has been a major factor in my presentations to all 

clinicians. It is enlightening to see the inceasing studies on Gluteal muscles over these past years. 

Slide 56 
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{ƭƛŘŜ рт 
 

 

!ǎ ǎƘƻǿƴ ƻƴ {ƭƛŘŜǎ рс ŀƴŘ ртΣ ǘƘŜǊŜ ŀǊŜ ŎƭŜŀǊƭȅ о ŘƛŦŦŜǊŜƴǘ ƘŜŀŘǎ ƻŦ DƭǳǘŜǳǎ aŜŘƛǳǎΦ DƻǘǘǎŎƘŀƭƪ 

Ŝǘ ŀƭΦ όмфуфύ ŘŜƳƻƴǎǘǊŀǘŜŘ ǘƘŀǘ ŜŀŎƘ ƻŦ ǘƘŜǎŜ ŘƛǎǘƛƴŎǘ ƘŜŀŘǎ ǇŜǊŦƻǊƳǎ ŀ ǳƴƛǉǳŜ ǊƻƭŜ ŀǎ ǘƘŜ ōƻŘȅ 

ƳƻǾŜǎ ŀƴŘ ǿŀǎ re-iterated by Grimaldi (2017). However, there is a lack of evidence to identify 

which exercises best activate the different parts Gluteus Medius (Grimaldi, 2017). This will be 

discussed further in the rehabilitation chapter. 

 

{ƭƛŘŜ ру 
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O'Sullivan et al. (2010) confirmed that the anatomically separate entities also function 

independently.  They demonstrated the different functions of each part of the Gluteus  Medius 

ŀƴŘ ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ ǘƘŜ ŀōŘǳŎǘƻǊ ƳŜŎƘŀƴƛǎƳ ǿŀǎ ŀ ǎȅǎǘŜƳ ƛƴ ǿƘƛŎƘ ǘƘŜ ¢ŜƴǎƻǊ CŀǎŎƛŀ [ŀǘŀŜ Ƙŀǎ 

ǘƘŜ ǇǊƛƳŀǊȅ ŦǳƴŎǘƛƻƴ ƻŦ ōŀƭŀƴŎƛƴƎ ǘƘŜ ōƻŘȅ ǿŜƛƎƘǘ ŀƴŘ ǘƘŜ ƴƻƴ-ǿŜƛƎƘǘ ōŜŀǊƛƴƎ ƭŜƎ ŘǳǊƛƴƎ 

ǿŀƭƪƛƴƎΦ DƭǳǘŜǳǎ aŜŘƛǳǎ ƛǎ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ǘƘŜ ǎǘŀōƛƭƛǎŀǘƛƻƴ ƻŦ ǘƘŜ ƘƛǇ Ƨƻƛƴǘ ƛƴ ǘƘŜ ƛƴƛǘƛŀƭ ǇƘŀǎŜ ƻŦ 

ǘƘŜ Ǝŀƛǘ ŎȅŎƭŜΣ ŀǎ ǘƘŜ main ǊƻƭŜ ƻŦ DƭǳǘŜǳǎ aŜŘƛǳǎ ƛǎ ǘƻ ŎƻƳǇǊŜǎǎ ǘƘŜ ƘŜŀŘ ƻŦ ǘƘŜ ŦŜƳǳǊ ƛƴǘƻ ǘƘŜ 

ŀŎŜǘŀōǳƭǳƳ ŘǳǊƛƴƎ ƳƻǾŜƳŜƴǘ (Slide 58). hΩ {ǳƭƭƛǾŀƴ Ŝǘ ŀƭΦ όнлмлύ ŎƻƴŎƭǳŘŜŘ ƛƴ ǘƘŜƛǊ ǎǘǳŘȅΣ ǘƘŀǘ 

tƘŜ ŦǊƻƴǘ ǇƻǊǘƛƻƴ ƻŦ DƭǳǘŜǳǎ aŜŘƛǳǎ όŀƴŀǘƻƳƛŎŀƭƭȅ ǎƛƳƛƭŀǊ ǘƻ ¢ŜƴǎƻǊ CŀǎŎƛŀ [ŀǘŀŜύ ƛǎ Ƴƻǎǘ ŀŎǘƛǾŜ ŀǘ 

Ŧǳƭƭ ǎǘŀƴŎŜ ǇƘŀǎŜ ŀƴŘ ǎƛƴƎƭŜ ƭŜƎ ǎǳǇǇƻǊǘ ǇƘŀǎŜ ǿƘƛƭŜ ǊŜŀǊ ŦƛōǊŜǎ ŦƛǊŜ ǎǘǊƻƴƎƭȅ ŀǘ ƛƴƛǘƛŀƭ ƘŜŜƭ ǎǘǊƛƪŜΦ  

CǳǊǘƘŜǊΣ ŀƴƻǘƘŜǊ ǊŜƭŜǾŀƴǘ function of Gluteus Medius and Gluteus Minimus muscles is eccentric 

control of hip adduction during single-leg loading tasks (Allison et al., 2018). As the Gluteus 

Maximus is a primary external rotator of the femur with the leg in neutral position, hip 

abduction with extension reduces the Gluteus Maximus role as an external rotator and thus 

emphasizes the posterior fibres of the Gluteus Medius. Though currently rarely targeted in a 

rehabilitation protocol, the posterior fibres of the Gluteus Medius are unique and contribute to 

overall performance of the muscle. Strengthening of the Gluteus Medius improves lower 

extremity power, reduces future risk in the uninjured athlete, and improves rehabilitation in the 

injured athlete (Grimaldi 2015). 

/ƭƛƴƛŎƛŀƴǎ ƴŜŜŘ ǘƻ ŀƴŀƭȅǎŜ ǘƘŜ different muscles with regards to stability in gait and thereafter 

careful consideration and specific examination should ensure that prescribed rehabilitation is 

targeted at specific muscle dysfunctions. This will be followed up in Chapter 5 - Tests.  

 ¢Ƙǳǎ Ƴȅ ŘŜǎƛǊŜ ǘƻ ǎƘŀǊŜ ŀƭƭ ǘƘƛǎ άƴŜǿƭȅέ ǊŜŎƻƎƴƛǎŜŘ ƛƴŦƻǊƳŀǘƛƻƴ ƛƴ Ƴȅ ǇǊŜǎŜƴǘŀǘƛƻƴǎΦ 
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Slide 59 

 

The Tensor Fascia Latae works in conjunction with the Gluteus Maximus, Gluteus Medius and 

Gluteus Minimus in a wide variety of hip movements including flexion, abduction, and internal 

rotation (Trammell and Pilson, 2019) (Slide 59). ! ǾŜǊȅ ƛƳǇƻǊǘŀƴǘ ŦŀŎǘƻǊ ǿƘƛŎƘ ƛǎ ōŜƛƴƎ ŘƛǎŎǳǎǎŜŘ 

ƳƻǊŜ ǊŜŎŜƴǘƭȅ ŀǘ ƘƛǇ ŎƻƴŦŜǊŜƴŎŜǎΣ ƛǎ ǘƘŀǘ ¢ŜƴǎƻǊ CŀǎŎƛŀ [ŀǘŀŜ ƛǎ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƳƻǊŜ ŀŎǘƛǾŜ ƛƴ 

ƛǎƻƭŀǘŜŘ ƘƛǇ ŀōŘǳŎǘƛƻƴΣ ǊŀǘƘŜǊ ǘƘŀƴ DƭǳǘŜǳǎ aŜŘƛǳǎ ŀƴŘ DƭǳǘŜǳǎ aƛƴƛƳǳǎ  όDǊƛƳŀƭŘƛΣ ǇŜǊǎƻƴŀƭ 

ŎƻƳƳǳƴƛŎŀǘƛƻƴΣ aŀȅ рΣ нлмтύΦ Although ¢ŜƴǎƻǊ CŀǎŎƛŀ [ŀǘŀŜ is not generally considered a 

posterior pelvic muscle, it is important to the gluteal muscle group because of its contribution to 

abduction.  Further, like the Gluteus Medius and Gluteus Minimus, it acts Ǿƛŀ ǘƘŜ ƛƭƛƻǘƛōƛŀƭ ōŀƴŘΩǎ 

attachment to the tibia to assist in knee flexion and lateral rotation. The ¢ŜƴǎƻǊ CŀǎŎƛŀ [ŀǘŀŜ is 

most important clinically for assisting in pelvis stability while standing and walking. In my 

practice, as with most clinicians, I have not realised the implications as mentioned. Thus I now 

understand the precise strengthening of Gluteus Medius, compared with Tensor Fascia Latae. 

 

The implications of deficits in hip abductor muscle morphology, strength, activation patterns and 

functional control of the pelvis on the femur have been associated with other pathologies e.g. 

osteoarthritis of the hip (Arokoski et al., 2002; Grimaldi et al., 2009; Sims et al., 2002), medial 

compartment tibio-femoral OA (Chang et al., 2005), patellofemoral joint pain (Cowan et al., 

2009; Mascal et al., 2003), iliotibial band syndrome (Fairclough et al., 2007; Fredericson et al., 

2005) and low back pain (Cooper et al., 2016; Marshall et al., 2011).  
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Thus, as clinicians, we need to understand the difference between the basic anatomical function 

and the possible mal-adaptations that can occur when there is weakness or a pathology which 

may affect joints and muscles along the entire kinetic chain. This lack of understanding may 

relate to lack of precise education, as well as sufficient analysis and  implementation in our 

clinical practice. In addition, the basic muscle actions determined from anatomical attachment 

are far more complex and can change relative to weight-bearing status or range.  The ongoing 

activation of hip muscles may play an important role in augmenting the stability in the normal 

and the passively unstable hip.  

 

Conclusion ς Glutei muscles and Tensor Fascia Latae 

I believe that this section is one of the most important aspects of my presentations as it is  the 

basis for prevention and rehabilitation of all athletes with groin and hip pain. As stated, I 

personally have learnt a great deal regarding the relevance and permutations of the individual 

Gluteal muscles on the journey of writing up this Professional Doctoral thesis. I believe that I 

ƘŀǾŜ ŎƻƴǘǊƛōǳǘŜŘ ƳƻǊŜ ǎǳŎŎŜǎǎŦǳƭƭȅ ǘƻ Ƴȅ ŀǘƘƭŜǘŜΩǎ ǊŜŎƻǾŜǊȅ Ǉƻǎǘ ƎǊƻƛƴ ƻǊ ƘƛǇ ƛƴƧǳǊȅ όǇƭǳǎ ǘƘŜ 

assistance to all my Anterior Cruciate ligament reconstruction patients who have benefited by 

strengthening the Gluteus Medius and Minimus muscles). I now specifically perform Glutei 

muscle prevention strategies based on this acquired information. Generally, more clinicians have 

also identified the importance of the Glutei muscles and their role in the kinetic chain. 

Essentially, I would advise certain exercises for these muscles to be done by all athletes as a 

matter of course and as a prevention strategy. My approach now differs to my previous 

management and I see a much more positive outcome amongst my patients with groin and/or 

hip pain. 
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3b iv. Hip Anatomy: Hip Rotator Muscles 
 

Slide 60 

 

Slide 60 explains that local hip muscles (quadratus femoris, Gluteus Minimus, gemelli, obturator 

internus and externus, iliocapsularis and the deep fibres of iliopsoas), rather than global muscles 

provide subtle joint compression and thereby limit translation of the hip and augments stability 

(Grimaldi, 2015). Interventions aimed at restoring isolated neuromuscular function of the 

primary hip stabilisers may be considered when treating people with passive hip instability prior 

to commencing global muscle rehabilitation.  

Awareness of any pathology that may compromise the passive stability of the hip joint e.g. 

acetabular labral injury which may lead to increased femoral head translation, greater joint 

contact pressures and ultimately the possibility of degenerative hip disease such as hip 

acetabular lesions, is essential.  

There may be changes in the muscle morphology around the hip and the pelvic region when 

there are any abnormal or degenerative structural changes (Grimaldi et al., 2009). As we are 

aware, there are many asymptomatic structural changes in the hip and around the pubic area in 

Premier League footballers (Lovell et al., 2006). This is apparent from my work with the Premier 

League over the past years and has been stated many times at groin and hip conferences e.g. 

Griffin (Arsenal Conference, London, United Kingdom, 2016). This increased uptake around the 
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pubic joint is as a result of load and I now understand that it is not necessarily a pathology, 

although one should be aware of a possible pathological outcome if excessive load continues. 

¢Ƙƛǎ Ƙŀǎ ǎƘƛŦǘŜŘ Ƴȅ ǘƘƛƴƪƛƴƎ ŦǊƻƳ ǘƘŜ ǇǊŜǾƛƻǳǎ ƛƴŎƻǊǊŜŎǘ άhǎǘŜƛǘƛǎ tǳōƛǎέ ǘƻ ǇǊŜǾŜƴǘƛƻƴ, if 

excessive bone marrow oedema is noted. 

The study by Grumet et al. (2010) reviewed the relevant anatomy and pathophysiology of the 

lateral hip. They recommended a systematic approach to assessment that includes the 

differential diagnosis of referred pain and systemic illness. MRI may be helpful to rule out soft 

tissue pathology, such as tears of the gluteus insertion on the greater trochanter.  

3b v. Hip Anatomy: Hip Joint 

The human hip joint withstands high contact forces during daily activity and is therefore 

susceptible to injury and structural deterioration over time (Correa et al., 2010).  

Slide 61 
 

  

 
Miquel Dalmau-Pastor et al. (2014) explains the hip anatomy in a concise and applicable manner 

(Slide 61). Hip joint pathology is one of the main causes of groin pain but was not necessarily 

highlighted in earlier studies (Holmich et al., 1999). As shown by Rankin et al. (2015), hip joint 

pathology was the leading cause of groin pain in a review of 894 cases and was most likely 

related to FAI, labral tears, and osteoarthritis. They hypothesised that these pathologies seem to 
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be associated with secondary breakdown of surrounding structures, although underpinning 

mechanisms remain unclear.  

The capsule of the hip joint is an important stabiliser of the joint. In addition to the stability 

provided by the osseous anatomy, the soft tissues surrounding the hip joint are important for 

stability. There are four ligaments surrounding and reinforcing the capsule joint. The ilio-femoral 

and pubo-femoral ligaments and the zona orbicularis are found in the anterior region of the hip 

joint, whereas the ischio-femoral ligament is located in the posterior region.  The ilio-femoral 

ligament is the largest and thickest of the three capsular ligaments and one of the strongest 

ligaments in the human body. Furthermore, the hip contains an intra-articular ligament, the 

Ligamentum Teres. However, there is ongoing debate regarding the specific structure and 

function of the hip ligaments. Although their exact role in stability may not be clear, their 

importance in stability is undisputed. 

From an anatomical point of view, it is important to note that the capsular ligaments of the hip 

provide more hip rotational restraint than the acetabular labrum and the Ligamentum Teres 

(Van Arkel et al., 2015).   

 
3b vi.  Hip Anatomy: Ligamentum Teres  

Slide 62 
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The Ligamentum Teres or ligamentum capitis femoris is an intra-articular ligament that attaches 

the femoral head to the acetabulum (Slide 62). Rupture of the Ligamentum Teres occurs usually 

with dislocation of the hip joint, although rupture may also occur in a twisting injury. A 

relationship between micro-instability of the hip and abnormalities of the Ligamentum Teres 

have been described as a further differential diagnosis to be considered with hip pain (Dalmau-

Pastor, 2014).  

 

Studies regarding the functionality of the Ligamentum Teres have been described by a number of 

authors (Kivlan et al., 2013; Martin et al., 2012; Perumal et al., 2016) with considerable 

inconsistency in the naming and description of the Ligamentum Teres morphology. The 

Ligamentum Teres has been shown to contain free nerve endings thought to indicate both a 

proprioceptive and nociceptive role for the ligament which is most important for prevention and 

rehabilitation of the groin and hip areas following damage to the Ligamentum Teres ligament 

(Sarban et al., 2007). This factor should be considered when an asymptomatic Ligamentum Teres 

tear is shown on a pre-screening investigation. As well as its potential role in hip stability, Gray 

and Villar (1997) suggested a possible role for the Ligamentum Teres in synovial fluid circulation. 

However, there is a paucity of evidence supporting this theory. 

The Ligamentum Teres has traditionally been viewed as an embryonic remnant with no role in 

the biomechanics or vascularity of adult hips. However, it is a strong intra-articular ligament that 

is anatomically and biochemically similar to the anterior cruciate ligament of the knee and is an 

important stabilizer of the hip, particularly in adduction, flexion, and external rotation which is a 

common movement in a number of sports. A classification for Ligamentum Teres tears has been 

of great value for meaningful awareness of the disorders, especially as Ligamentum Teres tears 

were found to be correlated to larger labral tears and to higher-grade acetabular chondral 

damage (Cerezal et al., 2010 and Gray and Villar, 1997). These 2 injuries would have a significant 

impact on hip stability. 

The importance of the Ligamentum Teres and its possible connection to patients with FAI and 

labral pathology was highlighted by Chahla et al. (2016). They stated that isolated cam or 

isolated pincer were seen more often in hips with torn Ligamentum Teres than in hips with 

normal Ligamentum Teres. Although complete tears of this ligament were rare, they were 

associated with hip laxity and chondral defects of the femoral head. This would have implications 
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for hip and pelvis stability. Mayes et al. (2016) note that there was a higher frequency of 

Ligamentum Teres tears in professional ballet dancers (55 %) compared with athletes (22 %). 

This higher frequency of atraumatic tears in these dancers suggests that the Ligamentum Teres 

might be abnormally loaded in ballet, and one should be cautious when evaluating MRI, as these 

tears may be asymptomatic. Conversely an asymptomatic Ligamentum Teres tear may cause 

resultant hip instability which may underpin further hip or groin pathology. This should be born 

in mind when managing any sports with similar loading e.g. ice hockey and gymnastics. Although 

the identification of this Ligamentum Teres tear is the role of the Specialist, as a physio, I am 

acutely aware of these discrepancies and work closely with the Specialist to identify the possible 

disruption caused by the ligament tear. 

Slide 63 

 

 

Treatment of these lesions are now evolving with more caution regarding surgical procedures 

(Cerezal et al., 2010 and Wenger et al., 2008). Philippon et al. (2012) re-affirmed the importance 

of the Ligamentum Teres and stated that the traditional view that Ligamentum Teres did not 

contribute to mechanical stability was changing, and clinical procedures were aimed at 

preserving the ligament (Slide 63). Even with a rupture of this ligament, which may cause 

symptomatic hip instability during athletic activities, they undertook an arthroscopic 

reconstruction of the Ligamentum Teres using iliotibial band autograft in an attempt to restore 

this static stability.  
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To date, the proposed mechanisms of injury to the Ligamentum Teres comprise traumatic injury, 

iatrogenic ƛƴƧǳǊȅ ǎǳǎǘŀƛƴŜŘ ŘǳǊƛƴƎ ƻǇŜƴ ǎǳǊƎƛŎŀƭ ŘƛǎƭƻŎŀǘƛƻƴ ŀƴŘ ǊŜǇŜǘƛǘƛǾŜ ΨƳƛŎǊƻǘǊŀǳƳŀΩ ƻŦǘŜƴ 

associated with hyperlaxity. Domb et al. (2013) reviewed the relationship of Ligamentum Teres 

tears with acetabular morphology and its significance and found that the presence of these tears 

was associated with acetabular bony morphology and age. They declared that further study is 

needed to establish whether there is a causal relationship between acetabular under-coverage 

and Ligamentum Teres tears and whether these tears may be a sign of micro-instability of the 

hip. 

The importance of Ligamentum Teres was further confirmed with studies by Baek et al. (2018); 

Bardakos and Villar, (2009); Botser et al. (2011); Byrd and Jones, (2004); de SA et al. (2014); 

O'Donnell, (2014); Park et al. (2019) and Porthos et al. (2015).  

3b vii. Hip Anatomy: Acetabular Labrum 

The acetabular labrum is a soft-tissue structure which lines the acetabular rim of the hip joint. Its 

role in hip joint biomechanics and joint health has been of particular interest over the past 

decade. In normal hip joint biomechanics, the labrum is crucial in retaining a layer of pressurised 

intra-articular fluid for joint lubrication and load support/distribution. Its seal around the femoral 

head is further regarded as contributing to hip stability through its suction effect. The labrum 

itself is also important in increasing contact area thereby reducing contact stress (Bsat et al., 

2017). 
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Slide 64 

 

Joint position was shown to strongly affect the sealing function of the labrum and was 

attributable to the distance between the labrum and femoral head in certain positions. Thus 

altering the relationship between the labrum and femoral head may disrupt the sealing ability of 

the labrum, potentially leaving the joint at risk for pathological changes with time (Dwyer et al., 

2014) (Slide 64) This was shown clearly by Ollivier et al. (2017) whereby they demonstrated that 

the morphological variations of the mid-portion of the labrum during hip motion reflected 

strains passing from the labrum to the femoral head. Those elements may provide clues to 

understand the mechanical role of the labrum during abduction. Thus I concur with Ollivier et al. 

(2017) who states that one should consider that resecting the hip's labrum during surgery might 

be detrimental for hip joint's biomechanics, as it might cause strain distribution between the 

acetabulum and femur. 
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Slide 65 

 

Slide 66 

 

Slides 65 and 66 demonstrates the presentation by Grimaldi (PhysioUK, London, UK. 2015) who 

clearly explained the number of mechanisms that can lead to labral injuries and the resultant 

stresses imposed on the hip joint. The problem for clinicians is in determining when these labral 
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injuries become symptomatic and whether one needs to intervene to prevent any problems. It 

has always been my clinical objective to screen for these factors with the use of a battery of tests 

and where possible to provide pre-rehabilitation, as evidence regarding the clinical implications 

has not been forthcoming. Understanding the anatomy of the labrum has led me to consider 

these findings seriously and to intervene with preventative rehabilitation as shown in Chapter 

11.  

Mayes et al. (2016) identified asymptomatic labral tears in 51% of all 196 hips of their ballet 

participants. The prevalence of labral tears in male and female ballet dancers was similar to that 

of a sporting population. Further, they highlighted that labral tears were not associated with 

clinical findings but were related to cartilage defects. Thus they cautioned clinicians when 

interpreting MRI findings of a labral tear which may not be the source of the symptoms. 

However, because of the ripple effect of a labral tear, when a labral tear is discovered on a pre-

signing / screening protocol, the clinicians must be aware of these permutations and strengthen 

the hip and adjoining muscles accordingly to prevent any further damage. The debate continues 

regarding conservative or surgical management. I believe in the positive outcome of 

conservative treatment and thus implement conservative exercises which I believe makes a 

considerable difference in potential or current hip and groin pain.  

The clinician should also take into consideration the required hyper-flexible hip in certain sports 

e.g. the dancer and the gymnast. Because of the extreme hip motion required and the 

compensatory soft tissue laxity in dancers and gymnasts, these athletes may develop instability, 

impingement, or combinations of both. Although dysplastic morphology was common in both 

sexes, it was somewhat more prevalent in females (Weber et al., 2015).   

Conclusion:  Hip Anatomy 
 
Hip pain, commonly seen in active individuals, is one of the leading causes of pain and disability 

and is the second most common cause of lower limb musculoskeletal pain, (Kemp et al., 2019). 

The role of the hip rotator muscles and the acetabular labrum cannot be underestimated. Also, 

abnormalities of the Ligamentum Teres account for 4% - 15% of sports-related injuries and 

should be considered in the differential diagnosis of patients with hip pain. I believe that an 

analysis and interaction with the Specialist for possible required surgery for these hip 

pathologies may be instrumental in good clinical management. This is a key component in my 

approach for management of groin and hip pain. 
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The hip is a joint that can be affected by high number of pathologies, either intra-articular or 

extra-articular and recognition that hip pathology can produce groin pain is required for the 

accurate diagnosis of hip or groin related pain. It has become increasingly clear that unless a 

thorough understanding of the hip anatomy both structural and functional, with all the relevant 

consequences of various activities on the structures, is fully comprehended, a suitable 

prevention and management strategy is not possible. Where this insight has previously been 

underestimated, as time progresses there are increasing number of hip conferences with good 

interaction and a better understanding of the hip and all the permutations involved. I initially 

debated undertaking an entire thesis on hips, as there are a multitude of ongoing studies on the 

hip joint pathologies, as well as from my professional experience dealing with hips specifically. 

However, I reverted to the more generalised hip and groin for this thesis. This has been 

productive in my management of my sportsmen and women, as it has given me a better 

overview of the entire pelvic region. This has also led to more informative and helpful 

presentations that I have been giving to my colleagues. 

 

3b viii.  Transverse Abdominus 

Slide 67 
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Another muscle which may be important with longstanding adduction-related groin pain is the 

Transverse Abdominus muscle (Cowan et al., 2004; Jansen et al., 2010) (Slide 67). The Transverse 

Abdominus is the deepest lateral muscle in the anterolateral abdominal wall, lying deep to both 

the internal oblique and external oblique, on either side of the rectus abdominis. It originates 

from the inguinal ligament, pelvis, lumbar fascia and lower ribs. Its parallel-oriented fibres run 

medially and insert on an aponeurosis connecting to the linea alba and pelvic crest, thus the 

importance to the entire kinetic chain. Any weakness or injury to this muscle may be a risk factor 

for acute and recurrent groin injury and may be another consideration for rehabilitation and 

prevention of longstanding adduction-related groin pain. 

3b ix.   Rectus Abdominus  

The action of the Rectus Abdominus is to produce flexion of the lumbar spine and to act in 

opposition to the erector spinae muscles and thus is important for postural stability. Knowledge 

of the interconnectedness with the adductors at the insertion is crucial for management in 

certain sports and specific movements. According to Orso et al. (1990), the incidence of rectus-

adductor strain would be around 2.5% - 3% and occurs mostly in sports like soccer, hockey, 

rugby, skating, fencing, running, cross country skiing and basketball (Paajanen et al., 2011). 

Valent et al. (2012) discussed insertional tendinopathy of the adductors and rectus abdominis 

and state that this is common in male athletes, especially in soccer players. 

 

Athletic competition that involves hyperextension of the hip and trunk with twisting motions, 

such as kicking or a hockey slap shot generates tremendous forces across the common tendon 

attachment of the rectus abdominis and adductor longus tendons. Repetitive trauma or single 

episodes can result in strain or avulsion at this attachment. Historically, this was felt to be 

symptomatic inguinal canal insufficiency without true herniation, and treatment was based on 

standard hernia repair (Emblom et al., 2018). I have now become more cognisant of the extreme 

movements often required in a specific sport and the consequential muscle strength required. 
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3b x.   Pyramidalis 

Slide 68  

 

The paired pyramidalis muscles are small triangular-shaped muscles that lie between the 

anterior surface of the Rectus Abdominus and the posterior surface of the rectus sheath (Slide 

68). The precise function of pyramidalis muscles is unclear, but together the muscles are thought 

to tense the linea alba. The muscles are not always present, can be unilateral, and vary greatly in 

size. The estimated forces generated by this muscle are relatively small (Lovering and Anderson, 

2008).  
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Slide 69 

 

The importance of the pyramidalis muscle has been highlighted by Schilders, (Hip and Groin 

Conference, Doha, 2014) (Slide 69). Thereafter he explained the new anatomical concept of the 

pyramidalis-anterior pubic ligament-adductor longus complex and its involvement in adductor 

injuries (Schilders et al., 2017).  They explained that this relatively new understanding of these 

anatomical relationships should be employed to aid in image interpretation and treatment 

planning with proximal adductor avulsions. This again highlights the relevance of clinicians 

constantly updating their knowledge in order to enhance their management of the athletes. 

3b xi.   Psoas and Quadratus Lumborum 

The psoas muscle is among the most significant muscles that overlies the vertebral column. At its 

distal end, it combines with the iliacus muscle to form the iliopsoas muscle. The deeper segment 

of the muscle originates from the first four lumbar vertebrae, while the superficial segment 

originates along the lateral surface of the distal thoracic vertebrae and from adjacent 

intervertebral discs. The inconsistent psoas minor muscle completes the psoas muscle. The 

common tendon attaches on the lesser trochanter of the femur: the muscle during contraction 

of the fibres leads to external rotation and abduction of the femur. The psoas major muscle has a 

biomechanical and postural function during both moving and static states (Siccardi and Valle, 

2019). Due to its origin and insertion, it has influence on the lumbar spine, as well as the lower 

extremity. 
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Slide 70 
 

 

 

The iliopsoas muscles are the strongest of the hip flexors (others are rectus femoris, sartorius, 

and tensor fasciae latae) and are important for standing, walking, and running (Anderson, 2016). 

This was explained in ballet dancers, where pain will reduce the increased size of the ilio-psoas 

muscle and thus may cause change in movement patterns and possible resultant groin or hip 

pathologies (Emery et al., 2019). I believe that the Iliopsoas muscles are a very significant part of  

body movement, particularly in the sporting world such as football or cricket fast bowling. Thus I 

have highlighted this in my presentations and even request that my attendees stand up and do 

the hip flexion test (as explained in the Chapter 5 ς Assessment). It is thus interesting to note 

how weak so many of them are. This brings home the message to them of the importance of the 

functionality of these muscles. 

 
 
 
 
 
 
 
 
 
 
 
 
 

https://en.wikipedia.org/wiki/Hip_flexors
https://en.wikipedia.org/wiki/Rectus_femoris_muscle
https://en.wikipedia.org/wiki/Sartorius_muscle
https://en.wikipedia.org/wiki/Tensor_fasciae_latae
https://en.wikipedia.org/wiki/Standing
https://en.wikipedia.org/wiki/Walking
https://en.wikipedia.org/wiki/Running
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Slide 71 
 

 

!ǘ ǘƘŜ Cƻƻǘōŀƭƭ aŜŘƛŎŀƭ /ƻƴŦŜǊŜƴŎŜ όaŀȅ нлмсύΣ ²ǊƛƎƘǘ explained the importance of the psoas 

muscle in its stabilising role around the Lumbo-Pelvic Hip Complex as shown clearly in Slide 71.  

Hides et al. (2010) described the Psoas and Quadratus Lumborum muscle asymmetry among 

elite Australian Football League players. The fact that the cross sectional area of the psoas 

muscle was significantly greater ipsilateral to the kicking leg, while the cross sectional area of the 

Quadratus Lumborum was significantly greater on the side contralateral to the kicking leg was 

noted. While they found that asymmetry in muscle size was not related to number of injuries, 

the influence of kicking on the trunk anatomy must always be considered. Hides et al. (2017) also 

highlighted the decreased size of the multifidus muscle as being a predictive factor for lower 

limb injury in both the pre-season and playing season. I think it would be useful if these factors 

were taken into consideration when considering appropriate prevention and rehabilitation 

strategies in athletes with groin and hip pain and are currently part of my management 

approach.  

Once again, from my experience in most elite sport where surgery is often the first recourse of 

action, prevention of surgical procedures is plausible, even though it requires time. The clinician 

needs to understand the basic structural and functional anatomy of these muscles and promote 

a specific strengthening and stretching protocol, as well as a prevention strategy by analysing 

any abnormalities pre-season where possible.  Although this strategy sounds feasible, there is 
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continued conflict in elite sports, where there is limited time for conservative mangement and 

surgery is undertaken promptly in order to get the player back to action as soon as possible. The 

medical saff are under pressure from the elite management personnel and often have to accept 

a άǉǳƛŎƪ-ŦƛȄέ ǎƻƭǳǘƛƻƴΦ L ƘŀǾŜ ƎƛǾŜƴ ǘƘŜ ƳŜŘƛŎŀƭ ǎǘŀŦŦ ƛƴ ŜƭƛǘŜ ǎǇƻǊǘǎ ǎƻƳŜ ŀǎǎǳǊŀƴŎŜ ǘƘŀǘ ŀ άǉǳƛŎƪ- 

ŦƛȄέ ƛǎ ƴƻǘ ǘƘŜ ŀƴǎǿŜǊ ǘƻ ƎǊƻƛƴ ŀƴŘ ƘƛǇ ǇǊƻōƭŜƳǎΦ 

3b xii.   Pectineus / Piriformis  

Slide 72 

 

Giphart et al. (2012) discussed the clinical relevance of the pectineus and the piriformis muscle in 

hip and groin pain (Slide 72). The pectineus has been reported to function primarily as a hip 

flexor and secondarily as a hip internal rotator and the piriformis muscle has been reported to 

function as an abductor and external rotator of the hip. Their findings indicated that the 

pectineus and piriformis function as hip-stabilizing muscles and suggest that strengthening and 

conditioning of these muscles could aid in the restoration of hip function and stability after injury 

or arthroscopic surgery. This knowledge has led me to re-evaluate and improve my approach for 

management. 
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Slide 73 
 

 

An understanding of the piriformis muscle and the so-ŎŀƭƭŜŘ άtƛǊƛŦƻǊƳƛǎ aǳǎŎƭŜ {ȅƴŘǊƻƳŜέ ƛǎ 

essential for clinicians (Slide 73). Although Michel et al. (2013) suggested a spasm-type pain in 

which the sciatic nerve becomes compressed in the infra piriformis canal causing sciatic-type 

pain, in a commentary response, Palamar et al. (2015) stated that piriformis muscle syndrome 

must be distinguished from isolated buttock pain, in which the piriformis muscle can sometimes 

be incriminated, but the pathophysiologic features differ. Furthermore, many spinal or hip 

pathologies refer pain to the region of the piriformis muscle. 

From my experience, I have found that many athletes such as runners, have very tight piriformis 

muscles which leads to potential mal-adaptations such as tight external hip rotators and possible 

subsequent hamstring problems.  

This demonstrates the complexity and importance of stability of the pelvic girdle during all 

activities and an understanding of this intricate anatomical functionality is imperative 
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3b xiii.   Pelvic Floor 

Slide 74 

 

A presentation by Dr Ruth Lovegraven-Jones (Football Association Medical Society, London, UK. 

2011) highlighted the involvement of the pelvis floor as a possible cause of groin pain, although 

not common (Slide 74). A case study by Podschun et al. (2013) demonstrated the 

interdependence of lumbo-pelvic and lower extremity kinematics in complaints of hamstring, 

posterior thigh and pelvic floor disorders. This shows the need to consider a regional 

interdependence of the pelvic floor and lower quarter when treating athletes and has had 

positive impact on my approach to groin / hip and possible related problems. 

3b xiv.  Fascia.  

Fascia and its relation to the low back, pelvis and the entire kinetic chain, is a basic and often 

underestimated concept in medicine. The relevance of mutual interactions in relation to the low 

back and pelvis, as well as the entire kinetic chain has been undervalued, particularly with groin 

and hip management. When I trained in England in the early 1970s, special soft tissue massage 

of muscles and fascia was basic management of many pathologies (or for prevention strategies). 

With the development of electric and technological equipment, this was often sparingly used. 

Now functionality of fascia along the entire kinetic chain is slowly being recognised. 
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Slide 75 
 

 
 

Fascia, also known as dense irregular connective tissue, forms a true continuity throughout our 

whole body (Slide 75). Fascia has been shown to be an important contributor to posture and 

movement organization and is densely innervated by mechanoreceptors and there are strong 

links between fascia and the autonomic nervous system which effect fascial tonus and local 

tissue viscosity (Schleip et al., 2012). However, compared with muscles, joints, and the nervous 

system, very little research has been devoted to the role of fascia in chronic musculoskeletal 

pain, particularly related to groin and hips. Detailed anatomical description of fascia has been 

highlighted in a number of studies (Barker et al., 2014; Findley et al., 2012; Vleeming et al., 1995; 

Willard et al., 2012; Zugel et al., 2018). 
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Slide 76 

- 

Slide 77 

 

The fascia forms functional lines and a clear understanding of each functional line and the role 

that it plays in human movement is required (Slides 76 and 77). The interconnectedness of upper 

extremity to the lower extremity is directly through the pelvic fascia. Thus fascia itself may be an 

important factor in maintenance of joint stability and should be taken into consideration in the 

assessment and management of the groin and hip, particularly with athletes (Willard et al., 

2012). In a Consensus statement it was highlighted that fascial tissues deserve more detailed 

attention in the field of sports medicine. A better understanding of their adaptation dynamics to 
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mechanical loading as well as to biochemical conditions promises valuable 

improvements in terms of injury prevention, athletic performance and sports-related 

rehabilitation (Zugel et al., 2018). While the implications of this with respect to hip and groin 

pain are not clear, knowledge of these fascial lines requires consideration when assessing 

patients and possibly should also be linked with the previous discussion about the role of the 

Gluteus Maximus muscle in this kinetic chain.  

 

Conclusion -  Anatomy 

The assessment and the diagnosis of an athlete with groin and / or hip pain is a challenge for a 

clinician due to the complex anatomy, as well as the different structures that can refer pain 

around this area. The groin region, including the hip joint, where the abdomen meets the lower 

limbs via the pelvis, consists of musculoskeletal structures which require load transference 

between the upper body, trunk and lower limb and to provide a stable base in weight-bearing 

activities, as well as interaction of all movements (Brukner and Kahn, 2017).  As shown in this 

chapter on anatomy which includes joints, muscles, ligaments and fascia, the complexity and 

understanding of the hip and groin anatomy is the basis of all correct management. A challenge 

here in synergies, means that as one muscle fails another takes over to ensure function ƛǎƴΩǘ 

compromised.  

Further information on the role of anatomy in the aetiology of hip and groin pain can be gained 

from a thorough understanding of the biomechanics of the hip and groin muscles which will be 

discussed in more detail in Chapter 4.  
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Chapter 4 - Functional Anatomy - Biomechanics 

4a.  Biomechanics - Background 

Slide 78 
 

  

Biomechanics refers to the description, detailed analysis and assessment of human 

movement during both movement and sport in order to minimise the risk of injury and 

improve sports performance (Slide 78).  Broadly, biomechanics can be broken into 3 

categories, including kinematics, kinetics and neuro-motor control. Essentially, 

biomechanical evaluation should be completed based on task specificity, bearing in mind 

that each individual has their own individual mechanical make-up due to specific anatomical 

characteristics (Brukner and Kahn, 2017). Thus an in-depth knowledge of structural and 

functional anatomy (as per the preceding chapter), as well as informed analysis of static and 

dynamic movements for each situation, is imperative for clinicians. Physiotherapists, 

biokineticists, athlete trainers and strength and conditioning specialists require this 

knowledge to enhance the assessment and rehabilitation of the athlete. The role of 

biomechanical analysis in sports rehabilitation has changed during the course of my career and 

movement analysis has become a key component in my approach as a clinician and an educator. 
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4a i. General ς Posture 

Slide 79 
 

 

{ƭƛŘŜ ул 

 

Lǘ ƛǎ ƻƴƭȅ ƳƻǊŜ ǊŜŎŜƴǘƭȅ ǘƘŀǘ ŎƭƛƴƛŎƛŀƴǎ όƛƴŎƭǳŘƛƴƎ ƳȅǎŜƭŦύΣ ƘŀǾŜ ŀŎƪƴƻǿƭŜŘƎŜŘ ǘƘŀǘ ƎǊƻƛƴ ŀƴŘ ƘƛǇ 

ǇǊƻōƭŜƳǎ ŀǊŜ ƻŦǘŜƴ ǊŜƭŀǘŜŘ ǘƻ ŘŜǾƛŀǘƛƻƴǎ ŦǊƻƳ ƴƻǊƳŀƭ ǇƻǎǘǳǊŜ ό{ƭƛŘŜ тфύΦ aƻǎǘ ǇŀǊǘƛŎǳƭŀǊƭȅ ǘƘŜ 
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ƛƳǇƻǊǘŀƴŎŜ ƻŦ ǘƘŜ ǇŜƭǾƛŎ ǘƛƭǘ ŀƴŘ ƛǘǎ ƛƳǇƭƛŎŀǘƛƻƴǎ ƻƴ ƎǊƻƛƴ ŀƴŘ ƘƛǇ ƳŜŎƘŀƴƛŎǎ ƛǎ ƻŦ ƛƴǘŜǊŜǎǘ ό{ƭƛŘŜ 

улύΦ IƛǎǘƻǊƛŎŀƭƭȅΣ ǘƘƛǎ Ƙŀǎ ŀƭǿŀȅǎ ōŜŜƴ ŀ ƎǳƛŘŜƭƛƴŜ ŦƻǊ ǘƘŜ ǘǊŜŀǘƳŜƴǘ ƻŦ ƭǳƳōŀǊκǎŀŎǊŀƭ ǎǇƛƴŜ 

ǇŀǘƘƻƭƻƎƛŜǎΣ ŀǎ ǘƘŜ ŀȄƛǎ ƻŦ Ǌƻǘŀǘƛƻƴ Ƙŀǎ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ƛƳǇŀŎǘ ƻƴ ǘƘŜ ŦƻǊƳ ŎƭƻǎǳǊŜ ƻŦ ǘƘŜ ǎŀŎǊƻ-LƭƛŀŎ 

Ƨƻƛƴǘ ŀƴŘ Ƴŀȅ ŎŀǳǎŜ ƭǳƳōŀǊ ƻǊ ǎŀŎǊƻ-ƛƭƛŀŎ Ƨƻƛƴǘ ǇŀǘƘƻƭƻƎƛŜǎΦ IƻǿŜǾŜǊΣ ŀǎ {ƭƛŘŜ ул ŘŜƳƻƴǎǘǊŀǘŜǎΣ 

ǘƘŜ ŜŦŦŜŎǘ ƻŦ ƛƴŎƻǊǊŜŎǘ ǇŜƭǾƛŎ ǘƛƭǘ ƻƴ ǘƘŜ ƘƛǇ Ƨƻƛƴǘ Ƙŀǎ ǊŜǇŜǊŎǳǎǎƛƻƴǎ όYŀƴŀȊŀǿŀ Ŝǘ ŀƭΦΣ нлмсΤ 

²ƻǊƪƳŀƴ Ŝǘ ŀƭΦΣ нллуύΦ  

As demonstrated by the evaluation of cadaveric hemipelvises (6 male, 2 female), there was a 10-

degree increase in pelvic tilt results in a loss of 6-9 degrees of hip internal rotation and an 

increase in FAI (hip impingement). This increase in anterior pelvic tilt also resulted in a loss of 10 

degrees of hip flexion (Henebry and Gaskill, 2013). This has important implications for all sports 

(and in activities of daily living). Further, limited hip extension flexibility due to tight hip flexor 

musculature or anterior hip capsular and ligamentous structures is a possible cause of increased 

anterior tilt of the pelvis during running (Schache et al., 2000). ¢ƘŜǎŜ dynamic changes in pelvic 

tilt may significantly influence the functional orientation of the acetabulum, which may have an 

effect regarding FAIS or hip morphology (Ross et al., 2014).  

Furthermore, altered posture of the pelvis can influence the length-tension relationship of 

Gluteus Maximus and therefore reducing its stabilizing capacity. Associated with 

hip flexor tightness and local core weakness the anterior tilted pelvis can elongate the Gluteus 

Maximus and thus place the muscle in a mechanically disadvantaged position (Buckthorpe et al., 

2019). 

9ǎǎŜƴǘƛŀƭƭȅΣ ǿƘŜƴ ƳŀƴŀƎƛƴƎ ŀ ǇŀǘƛŜƴǘΣ ƛǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ǘŀƪŜ ŎƻƎƴƛǎŀƴŎŜ ƻŦ ǘƘŜ ǇŜƭǾƛŎ Ǉƻǎƛǘƛƻƴ 

ōƻǘƘ ǎǘŀǘƛŎŀƭƭȅ ŀƴŘ ŘȅƴŀƳƛŎŀƭƭȅΦ 

 

4a ii Load ς Joints and muscles 

Load is defined broadly to include rapid changes in training and competition load, competition 

calendar congestion, psychological load and travel. Athletes participating in elite sports are 

exposed to high training loads and increasingly saturated competition calendars.  

As I have learnt in my approach during these past years, knowledge of muscle-force 

contributions to hip joint loading may assist in the development of strategies to prevent and 

manage conditions such as OA, FAI and fracture, by being able to correctly analyse possible mal-

adaptations. As discussed in Chapter 3 - Anatomy, four muscles that span the hip ς Gluteus 
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Medius, Gluteus Maximus, iliopsoas, and hamstrings ς contribute most significantly to the three 

components of the hip contact force and hip contact impulse (Correa et al., 2010). Interestingly, 

they stated that three muscles that do not span the hip ς vasti, soleus, and gastrocnemius ς also 

contributed substantially to hip joint loading. The results from their study provide additional 

insight into lower limb muscle function during walking and may also be relevant to studies of 

cartilage degeneration and bone remodelling at the hip. This knowledge should be transferred 

into management with clinical reasoning for sports patients who will be bearing large torsional 

strain in certain sports e.g. cricket bowlers, baseball, tennis, rugby, football, ice hockey, 

gymnastics, ballet and other athletes. 

Slide 81 

 

As shown in Slide 81, the bony pelvis functions to transmit forces and weight of the trunk and 

upper extremities to the lower extremities and to distribute ground reaction forces and to 

withstand compression forces resulting from its support of body weight.  To fulfil these 

functions, the bony pelvis depends on attachments of powerful muscles and the structural and 

functional stability of all passive structures around the relevant joints (Meyers et al., 2007). 

Pelvic assymetry is common among symptomatic and asymptomatic individuals (Hanson, 2002). 

Pelvic assymmetry is thought to alter body mechanics and affect the length 

of muscles that originate on the pelvis, resulting in increased strain on bony and soft tissues, 

possiby resulting in assymetrical adaptions. It is postulated that asymmetry and/or patho-
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mechanics of the pelvic structure can lead to a cascade of compensations throughout the axial 

spine predisposing individuals to dysfunction and potential injury.  

Further, the pelvic girdle is a ring and any change in its anatomy or applied forces to one of the 

six joints that comprise it, will most likely result in compensation throughout one or more of the 

six joints. Therefore, a dysfunction on one side of the pelvis is likely to affect the opposite side. 

An in-depth examination of the functional pelvic girdle from a biomechanical standpoint is 

necessary to consider how a structure on one side of the pelvic girdle interacts and/or affects 

the opposite extremity and/or structure.  

 

The need for a thorough understanding of the interconnectedness of the anatomical structures 

around the groin and hip, including the kinetic chain, has been extensively researched (±ƭŜŜƳƛƴƎΣ 

мффрΤ aŜȅŜǊǎ Ŝǘ ŀƭΦΣ нллр; Robinson et al., 2007; CŀƭǾŜȅ Ŝǘ ŀƭΦΣ нллфΤ Hides et al., 2010; .ǊŀƴŘƻƴ 

Ŝǘ ŀƭΦΣ нлммΤ Minnich et al., 2011; Meyers, 2012; .ǊǳƪƴŜǊ ŀƴŘ YŀƘƴΣ нлмнΤ tŀƭƛǎŎƘ Ŝǘ ŀƭΦΣ нлмоύΦ 

¢ƘŜ ƛƳǇƭƛŎŀǘƛƻƴǎ ŦƻǊ ŀƭǘŜǊŜŘ ōƛƻƳŜŎƘŀƴƛŎǎ ŀƭƻƴƎ ǘƘŜ ŜƴǘƛǊŜ ƪƛƴŜǘƛŎ ŎƘŀƛƴ ŘǳŜ ǘƻ ŎŜǊǘŀƛƴ 

ǇŀǘƘƻƭƻƎƛŜǎ ƛǎ ǘƘǳǎ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ŦŀŎǘƻǊ ǘƻ ōŜ ŎƻƴǎƛŘŜǊŜŘ ŦƻǊ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ƎǊƻƛƴ ƻǊ ƘƛǇ ǇŀƛƴΦ  

 

{ƭƛŘŜ ун 
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Slide 83 
 

 

Load transfer has been discussed in the previous section on fascia and functional lines. An 

example is clearly shown in Slide 82 and also Slide 83, where Trish Wisbey-Roth (2011) discussed 

the percentage of force and the effect on all the relevant structures. The thoracolumbar fascia is 

essential for segmental control particularly around the lumbar spine, sacro-iliac joint and the 

pelvic girdle. It is only these past years that I have taken far better cognisance of the 

interconnectedness and consequential action of the muscles through the fascia and the resultant 

forces that are imposed through the pelvis. This increased knowledge has led to me exploring 

the biomechanical fascia research, as well as suplementing this into my practice. With more 

insightful assessment and management, I have noticed the resultant positive outcome of any 

groin and hip problems.   

 

Slide 84 
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Further, the clinician should take into consideration the relevance of stabilisation of the sacro-

iliac joint and the effect that this has on the pelvis (Slide 84). Clinically, I occasionally see the 

locking of the sacro-iliac joint in athletes with hip problems which one is not always aware of. It 

is interesting to take note of the causal factor i.e. did the locked sacro-iliac joint joint cause the 

hip problem in the first place? Thus the need for a comprehensive assessment of all surrounding 

joints and the entire kinetic chain.  

Slide 85 

 

Slide 86 
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In my clinical presentations, demonstrating the sailing boat allegory (as per the 4 structures 

working together), as well as the tent theory (guy ropes), I highlight the importance of structures 

working together to maintain perfect balance (Slides 85 and 86). This allegory shows the value of 

functionality if all structures work together and I thus focus attention on the interconnectedness 

of the hip and groin and surrounding structures (Akuthota and Nadler, 2004). Increasingly, I tend 

to spend longer with my patients, as I am always analysing the entire kinetic chain and never 

focussing on one specific structure. This requires time and clinicians often cannot afford the time 

that this procedure demands. 

 

Slide 87 

 

The effect of pelvic movement on the pelvic girdle ŘŜƳƻƴǎǘǊŀǘŜǎ ǘƘŀǘ ƴƻǘ ƻƴƭȅ Řƻ Ƴŀƭ-ŀƭƛƎƴƳŜƴǘǎ 

ƛƳǇƻǎŜ ŜȄŎŜǎǎƛǾŜ ǎǘǊŜǎǎ ƻƴ ǘƘŜ ƭǳƳōƻ-ǇŜƭǾƛŎ-ŦŜƳƻǊŀƭ ŎƻƳǇƭŜȄ ƭŜŀŘƛƴƎ ǘƻ ƛƳǇƛƴƎŜƳŜƴǘ ŀƴŘ 

ǇƻǎǎƛōƭŜ ŜǾŜƴǘǳŀƭ ǘƻǘŀƭ ƘƛǇ ŀǊǘƘǊƻǇƭŀǎǘȅΣ ōǳǘ ŀƭǎƻ Ƴŀȅ ƘŀǾŜ ŀƴ ŜŦŦŜŎǘ ƻƴ ǘƘŜ ǊƻǘŀǘƻǊȅ ŜƭŜƳŜƴǘǎ ƻŦ 

ǘƘŜ ŦŜƳǳǊ όaŀǎŜƪΣ нлмрύ ό{ƭƛŘŜ утύΦ ¢Ƙƛǎ Ƴŀȅ ƛƳǇƻǎŜ ƻƴ ǘƘŜ ŜƴǘƛǊŜ ƭƻǿŜǊ ŜȄǘǊŜƳƛǘȅΦ ¢Ƙǳǎ ŀ 

ǇǊŜǾŜƴǘƛƻƴ ŀƴŘ ǊŜƘŀōƛƭƛǘŀǘƛƻƴ ǇǊƻƎǊŀƳƳŜ ǎƘƻǳƭŘ ŦƻŎǳǎ ƻƴ ǊŜǎǘƻǊƛƴƎ ŀŎŜǘŀōǳƭŀǊ ŦŜƳƻǊŀƭ Ǉƻǎƛǘƛƻƴ 

ƛƴ ŀƭƭ ǘƘǊŜŜ ǇƭŀƴŜǎ ōȅ ƛŘŜƴǘƛŦȅƛƴƎ ŀƴȅ ƳŀƭŦǳƴŎǘƛƻƴǎ ŀƴŘ ŎƻǊǊŜŎǘƛƴƎ ŀŎŎƻǊŘƛƴƎƭȅΦ ¢Ƙƛǎ ǿƻǳƭŘ 

ǇŀǊǘƛŎǳƭŀǊƭȅ Ŝƴǘŀƛƭ ǇŜƭǾƛŎ ǇƻǎǘǳǊŜ ŎƻǊǊŜŎǘƛƻƴΦ  
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{ƭƛŘŜ уу 

 

Slide 89 

 
 

Slide 88 and 89, shows the anterior and medial view of the pelvis and the pubic ramus with the 

many forces and their direction acting on the pelvis and influencing pelvic tilt. As has been 

discussed, this has impact on the pelvis, groin area and hips, as well as possible consequences of 

pathological changes on the lower extremity. 

Biomechanics of the muscular forces involved around the pubic joint should be a prime focus 

when managing sportsmen and women, as the implications of any abnormality is profound 
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(Meyers, 2005, 2007). Mohammad et al. (2014) explained that ǘƘŜ ƎǊƻǳǇ ǿƛǘƘ άhǎǘŜƛǘƛǎ tǳōƛǎέ 

(pubis symphysis pathology) displayed an increase in hip flexor strength that disturbed the hip 

flexor/extensor torque ratio around the pubic symphysis. This was also shown in 

female soccer athletes with hip flexor muscle tightness who exhibit less Gluteus Maximus 

activation and lower Gluteus Maximus: biceps femoris co-activation (Mills et al., 2015). This 

imbalance appears to be a risk factor for adductor-related groin injury. Therefore, restoring the 

correct relationship between these two agonist and antagonist hip muscles may be an important 

preventative measure that should be a primary concern for training and rehabilitation 

programmes and this is a strategy that I implement in my management of groin and hip 

pathologies. 

 

Slide 90 
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Slide 91 

 

It is most important to analyse which muscles may be the cause of the pelvic rotation and thus 

possibly develop injuries (Slides 90 and 91). This was highlighted by Prior et al. (2014), where 

they showed the influence of changes in trunk and pelvic posture during single leg standing on 

hip and thigh muscle activation in a pain free population. What is significant is that changes in 

both trunk and pelvic posture during single leg stance strongly influenced the levels of activation 

of different muscles of the hip and thigh in asymptomatic young males.   

Further, dissociation of the pelvis and upper and lower extremities when performing any 

activities has been highlighted by Comerford and Mottram (2013). They also highlighted the fact 

that during any unilateral or asymmetrical lower limb movement a rotational force is transmitted 

to the pelvic and hip region. Clinicians would be advised to study all these specific details to gain 

more value and insight of the biomechanical interaction of the entire kinetic chain and the 

importance of dissociation. These uncontrolled movements / movement faults can predispose 

people to musculoskeletal pain and disability and thus this identification may be a prevention 

strategy for hip pain. This is crucial in my management of groin and hips. 
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Slide 92 

 

Further abnormal forces around the pelvis were concisely identified by James Allen (Football 

Medical Association Conference, Midlands, United Kingdom, 2016) and shows the unusual 

biomechanical loads imposed on the body in different actions in rugby (Slide 92). 

4a iii. Walking 

Lewis et al. (2007) described a musculoskeletal model which indicated that increasing the 

maximum end range hip extension when walking results in an increase in the anterior hip joint 

force when compared to walking in less hip extension which may contribute to anterior hip pain.  

They recommended that further studies were warranted to determine if increased activation of 

the gluteal muscles during hip extension and of the iliopsoas muscle during hip flexion, and 

possibly the avoidance of hip extension beyond neutral would be beneficial for people with 

anterior hip pain, subtle hip instability, or an anterior acetabular labral tear. An understanding of 

these walking biomechanics may assist clinicians to implement a strategy for gait modification to 

reduce anterior hip force when patients present with anterior hip pain. Clinically, although there 

is no evidence for this strategy, I have found that runners who have anterior or lateral hip pain 

experience decreased pain when taking shorter strides. However, this modification may be 

detrimental to performance, so the long-term use of this modification may not be advised. 

Studies to verify this observation would be most helpful. 
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Correa et al. (2010) analysed the contributions of individual muscles to hip joint contact force in 

normal walking. Four muscles that span the hip ς Gluteus Medius, Gluteus Maximus, Ilio-Psoas 

and Hamstrings, contributed most significantly to the three components of the hip contact force 

and hip contact impulse. Additionally, three muscles that do not span the hip ς Vastus Lateralis, 

Intermedius and Medialis, Soleus, and Gastrocnemius also contributed substantially to hip joint 

loading. Even though the major limitation of this study was that it pertains only to walking of 

healthy young adults, the results provide additional insight into lower limb muscle function 

during walking and may  be relevant to studies of cartilage degeneration and bone remodelling 

at the hip. This knowledge should be transferred into management with clinical reasoning for 

sports patients who will be bearing large torsional strain in certain sports e.g. cricket bowlers, 

baseball, tennis, rugby, football, ice hockey, gymnastics and ballet.  

The significance of the Gluteus Maximus related to its importance in the entire movement of the 

human kinetic chain, was described in the previous chapter. Gluteus Maximus is mostly 

quiescent during walking and running, with low levels of activity during level and uphill walking, 

but increases activity as speed increases during running (Liebermann et al., 2006). In an attempt 

to understand the relationship between walking gait speed and hip joint loading in healthy hips, 

Weinhandl et al. (2017) undertook a study with healthy individuals and found that there were 

significant increases in vertical ground reaction forces and hip joint forces as walking speed 

increased. 

 

Thus regarding biomechanics, the implication of biomechanics and load in all aspects of life and 

sporting action requires in-depth observation and knowledge. 

 

4b.  Pathologies related to Hips and Biomechanics 

Clinicians have acknowledged that abnormal foot mechanics e.g. pes planus/pes cavus and 

consequential knee malalignments e.g. genu varus /valgus, may have an effect along the entire 

kinetic chain, including the hip and groin region.  
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Slide 93 

 

This is shown on Slide 93 where prevention of these pathologies are highlighted as a possibility. 

Table 3 - Pathologies related to hip and lower extremity kinetics. 

Author  Outcome 

Bandholm et al. (2011). Explained the importance of the relationship between hip muscle strength and 
neurological control which has profound effect on the lower extremity muscles. 
 

Takacs and Hunt, (2012). Pelvic drop as a result of hip abductor weakness has been hypothesized as a 
potential modifier of frontal plane knee joint kinetics during gait in individuals with 
pathology such as knee OA. 
 

Stearns and Powers, 
(2014).  

The study results suggest that ACL injury prevention programs targeting hip muscle 
performance may be important in mitigating biomechanical risk factors associated 
with ACL injury in women. 
 

Bencke et al. (2014). Increased hip internal rotation and increased hip abduction appeared to negatively 
influence the magnitude of knee valgus moment during side cutting, and thus 
potentially increase the risk of ACL Injury. 
 

Mohammad et al. 
(2014). 

Isokinetic imbalance of hip muscles in soccer players with osteitis pubis. 

Hetsroni et al. (2015). 
 

FAIS is associated with alterations in hind foot mechanics 

Lin et al. (2015). Quickening and widening steps probably increase stability. Shorter affected side 
stance time to avoid pain, and/or weakened affected side hip abductors, may lead to 
faster frontal plane trunk movements toward the unaffected side, which could 
contribute to fall risk. 
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Resende et al. (2015). Increased foot pronation increased the ipsilateral lower limb internal rotation angles 
and reduced knee and hip internal rotation moments with increased pelvic 
ipsilateral drop. Foot pronation increases hip and knee adduction moments on the 
contralateral side. 
 

Hagen et al. (2015).  Semi-professional soccer players with increased hip alpha angles showed differences 
in gait kinematics compared to the amateur group. 
 

Solomonow-Avnon et al. 
(2015). 

Footwear-generated biomechanical manipulation e.g. wedge insoles and foot 
orthotics of lower-limb joints has been shown to influence lower-limb biomechanics. 
This study analysed kinetic and kinematic changes about the hip of 12 healthy young 
males who underwent biomechanical manipulation utilizing a biomechanical device 
allowing controlled foot centre of pressure manipulation. It demonstrated the 
reduction of frontal-plane hip joint reaction force via medial-lateral foot centre of 
pressure manipulation and the subjects adopted a modified gait pattern aimed to 
maintain constant base of support. As a result, hip abductor muscle moment arm 
increases and adduction moment and joint reaction force decreases 
 

Khayambashi et al.  
(2015). 

Measures of preseason isometric hip abduction and external rotation strength 
independently predicted future noncontact ACL injury status in competitive athletes. 
The study data suggest that screening procedures to assess ACL injury risk should 
include an assessment of isometric hip abduction and/or external rotation strength. 

Sakaguchi et al. (2015). Hip external rotation angle may be a key factor to control frontal plane knee joint 
kinematics and kinetics. Thus the position of the hip joint should be taken into 
consideration when assessing a patient with lower extremity problems. They 
hypothesised that their results may help provide an appropriate intervention on 
running style to reduce the risk of PFP. 
 

Hetsroni et al. (2015).  
 

Young adult men with Cam-type FAIS present excessively inverted hind-foot at the 
moment of heel strike and reduction in maximum eversion during the stance phase.  
 

Deasy et al. (2016). Significant hip strength deficits exist in people with knee osteoarthritis. Hip strength 
assessment should be considered in clinical practice and may assist with directing 
targeted management strategies 
 

Van den Berg et al. 
(2017). 

Restricted hip rotation is correlated with an increased risk for ACL.  

Boykin, R. E. (2018). Patients with radiographic evidence of FAI and decreased hip internal rotation have a 
higher rate of ACL tears. Limited internal rotation of the hip increases strain and 
potentially resultant fatigue failure of the ACL 
 

Rutherford et al. (2018). The implications of individuals with FAIS compared with healthy, asymptomatic 
individuals were shown to affect hip joint biomechanics and muscle activation. 
 

King et al. (2018). These findings demonstrate that subtle biomechanical impairments may be present 
in individuals with hip-related groin pain, despite there being no difference in 
morphology or hip strength. 

Neamatallah et al. 
(2020) 

Hip and knee kinetic and kinematic variables related to the development of dynamic 
knee valgus would appear to be influenced by gluteal muscle strength. The level of 
influence varies across SLS and landing tasks and would appear superficially to differ 
between genders. A gender specific strength training programmes Is required to 
reduce dynamic knee valgus. 

 

Cam: Camshaft, (which the shape of the femoral head and neck); OA: Osteo Arthritis;  

PFP: Patella Femoral Pain; ACL: Anterior Cruciate Ligament;  

FAIS: Femoro-Acetabular Impingement Syndrome; SLS: Single Leg Squat. 
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Further studies have highlighted this interaction between the pelvis and lower extremity and 

possible pathological consequences if biomechanically inefficient: 

- Patella- Femoral Pain: the link between the trunk, pelvis, hip (including hip strength 

             and gluteal muscle activation), and knee kinematics. (Cowan et al., 2009; Esculier et  

             al., 2015; Ferber et al., 2011; Nakagawa et al., 2012; Pairot de Fontenay et al., 2018; 

             Plastaras et al., 2016; Reiman et al., 2009; Thomson et al., 2016; Van Cant, 2014).  

 

-  Lumbar/Sacral spine pathologies: the link between hip impairments, (including hip  

              joint range of motion and gluteal activation) and low back pain. (Cooper et al., 2016;  

              Hanson et al., 2002; Janda and Jull, 1987; Mendis and Hides, 2016; Pool-   

              Goudzwaard et al., 1998; Reiman et al., 2012).  

 

Groin pain is based on a complex framework dependent on numerous factors linked together by 

a complex cause / effect relationship (Bisciotti et al., 2015; Kloskowska et al., 2016). As shown in 

Table 3, many pathologies may be affected by malfunction of the pelvic, hip and/ or lower 

extremity biomechanics.  

 

Slide 94 
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There is growing evidence to support the association of gluteal muscle strength deficits in 

individuals with patellofemoral pain syndrome and the effectiveness of gluteal strengthening 

when treating patellofemoral pain syndrome. Additional research is needed to determine if 

screening of gluteal muscle activity can successfully identify those most likely to develop 

patellofemoral pain syndrome (Barton et al., 2013) (Slide 94). 

Overall, the studies, as above, demonstrate how hip biomechanics can impact knee pathologies, 

as well as foot and knee mechanics which may cause hip pathology. The take home message is 

that the entire kinetic chain needs assessment, whether as a prevention protocol or for 

rehabilitation of any hip/lower extremity joint.  

 

Recently, with my work at Groote Schuur Hospital with young sports injury adolescents, the 

majority who have had an ACL / meniscal repair, it has been most interesting to observe that 

most of them have weak hip stabilisers (Gluteus Medius / Gluteus Minimus). This is not 

necessarily the cause of the injury in the first place. However, I believe the clinician should take 

cognisance of this fact, as this weakness may cause knee valgus (and thus susceptibility to knee 

pathology) and might lead to a recurrence of the injury. Thus this should be a basic strategy for 

prevention and management. In my clinical experience, my observation is that clinicians 

(including myself), have not always prioritised the importance of the hip stabilisers sufficiently 

when assessing the athlete for other pathologies. 
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Slide 95 

 

Slide 96 

 

This interconnectedness is demonstrated in Slides 95 and 96 showing that if the Gluteii muscles 

(particularly Gluteus Medius and Minimus) are not performing adequately and there is 

subsequently hip internal rotation and abduction this may have implications on the knee and 

foot (Barton et al., 2013). Specific tests such as the Trendelenburg Test to identify these 

problems will be discussed in Chapter 5 on Tests.  
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Regarding pathology and hip damage, the relevance of abnormal movement at the hip and the 

possible consequence of acetabular labral pathology and even eventual OA should be considered 

(Austin et al., 2008). 

 

4c.  Neuromotor control 
 

Slide 97 
 

 

 
Slide 98 
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Slide 99 

 

 

¢ƘŜ ōƛƻƳŜŎƘŀƴƛŎǎ ƻŦ ƘǳƳŀƴ ƳƻǾŜƳŜƴǘ ƛǎ Ƴƻǎǘ ǊŜƭŜǾŀƴǘ ƛƴ ŀƭƭ ǎǇƻǊǘǎ ŘƻƳŀƛƴ ŀƴŘ ǊŜƭƛŜǎ ƻƴ 

ƻǇǘƛƳŀƭ ƴŜǳǊƻƳǳǎŎǳƭŀǊ ŎƻƴǘǊƻƭ ό{ƭƛŘŜǎ фтΣ фуΣ ффύΦ ¢he recognition of the significance of correct 

neuromuscular training for prevention and rehabilitation of injuries is essential for appropriate 

management of groin and hips. !ǘ ǘƘŜ Cƻƻǘōŀƭƭ aŜŘƛŎŀƭ /ƻƴŦŜǊŜƴŎŜ όaƛŘƭŀƴŘǎΣ ¦ƴƛǘŜŘ YƛƴƎŘƻƳΣ 

нлмсύΣ ²ǊƛƎƘǘ ƎŀǾŜ Ƙƛǎ ƻǇƛƴƛƻƴ ǘƘŀǘ ŎƭƛƴƛŎƛŀƴǎ ƻŦǘŜƴ ŦƻŎǳǎ ƻƴ ƛƳǇǊƻǾƛƴƎ ǎǘǊŜƴƎǘƘ ƻŦ ƛǎƻƭŀǘŜŘ 

ƳǳǎŎƭŜ ƎǊƻǳǇǎ ŀƴŘ ƴƻǘ ŜƴƻǳƎƘ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƛǎ ƎƛǾŜƴ ǘƻ ǘƘŜ ƴŜǳǊƻƳǳǎŎǳƭŀǊ ŎƻƴǘǊƻƭ ƻŦ ǘƘŜ ǿƘƻƭŜ 

ƪƛƴŜǘƛŎ ŎƘŀƛƴ ŀƴŘ ƘŜƴŎŜ ǘƘŜ ŦǳƴŎǘƛƻƴŀƭƛǘȅ ƻŦ ǘƘŜ ƳǳǎŎƭŜǎ ƛƴ ǘƘŜ ŜƴǘƛǊŜ ƪƛƴŜǘƛŎ ŎƘŀƛƴΦ L ŎƻƴŎǳǊ ǿƛǘƘ 

ǘƘƛǎ ŎƻƳƳŜƴǘΣ ŀǎ L ōŜƭƛŜǾŜ ǘƘŀǘ ƴŜǳǊƻƳǳǎŎǳƭŀǊ ŎƻƴǘǊƻƭ ƛǎ ǘƘŜ ōŀǎƛǎ ŀƴŘ ŦƻǳƴŘŀǘƛƻƴ ŦƻǊ ŀƭƭ 

ƳƻǾŜƳŜƴǘ ŀƴŘ ǘƘǳǎ ƘŀǾŜ ƎƛǾŜƴ Ƴŀƴȅ ǿƻǊƪǎƘƻǇǎ κ ǇǊŜǎŜƴǘŀǘƛƻƴǎ ƻƴ ǘƘƛǎ ƳǳŎƘ ǳƴŘŜǊ-ŀǇǇǊŜŎƛŀǘŜŘ 

ōŀǎƛǎ ƻŦ ƳŀƴŀƎŜƳŜƴǘΦ Lƴ Ƴȅ ŎǳǊǊƛŎǳƭǳƳ ŦƻǊ tƘȅǎƛƻǘƘŜǊŀǇȅ Ƴŀƴȅ ȅŜŀǊǎ ŀƎƻΣ ƴŜǳǊƻ-ƳǳǎŎǳƭŀǊ 

ǘǊŀƛƴƛƴƎ ǿŀǎ ǘƘŜ ƘƛƎƘƭƛƎƘǘŜŘ ŀǎǇŜŎǘ ƻŦ ƻǳǊ ŎǳǊǊƛŎǳƭǳƳΦ Lƴ ǘƘŜ Ǉŀǎǘ ȅŜŀǊǎ ǘƘƛǎ Ƙŀǎ ƴƻǘ ōŜŜƴ ǘƘŜ 

ŎŀǎŜΣ ƘŜƴŎŜ Ƴȅ Ǉŀǎǎƛƻƴ ŦƻǊ ǘƘƛǎ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ŀǎ ǘƘŜ Ǌƻƻǘ ƻŦ ŀƭƭ ǘǊŜŀǘƳŜƴǘΣ ŀǎ ǇŜǊŎŜƛǾŜŘ ōȅ Ƴȅ 

ŜȄŎŜƭƭŜƴǘ ƻǳǘŎƻƳŜǎΦ {ƘŀǊƛƴƎ ǘƘƛǎ ŀǎǇŜŎǘ ƛΦŜΦ ƴŜǳǊƻƳǳǎŎǳƭŀǊ ǘǊŀƛƴƛƴƎ ŀƴŘ ǇǊƻǇǊƛƻŎŜǇǘƛǾŜ 

ƴŜǳǊƻƳǳǎŎƭǳƭŀǊ ŦŀŎƛƭƛǘŀǘƛƻƴΣ ǿƛǘƘ ŀƭƭ Ƴȅ ŎƻƭƭŜŀƎǳŜǎ ŀǊƻǳƴŘ ǘƘŜ ǿƻǊƭŘΣ ŎƻƴǎƛǎǘƛƴƎ ƻŦ ŀ ŘŀȅΩǎ 

ǇǊŜǎŜƴǘŀǘƛƻƴ ŀƴŘ ǿƻǊƪǎƘƻǇΣ ƛǎ Ƴƻǎǘ ǿƻǊǘƘǿƘƛƭŜ ŀƴŘ ǊŜǿŀǊŘƛƴƎΦ 

 

Studies showing the impact of postural control and hip stability, as well as degenerative diseases 

of the hip joint include those of Allen, (2016); Mendis and Hides, (2016); Narveson et al. (2016); 
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Roden-Reynolds et al. (2015); Sziver et al. (2016) and Torry et al. (2006). The basic discussion 

around these studies imply that motor control training of all biomechanical movements in each 

individual sport is imperative for full functionality in any sporting activity. This is regardless if 

there is a symptomatic pathology such as Femoro-Acetabular Impingement Syndrome (FAIS), or 

is merely for a preventative strategy for any potential groin / hip problems. 

Regarding biomechanical assessment and screening to prevent injuries, this will be covered more 

comprehensively in Chapter 11 - Prevention. !ǎ ǘŜǎǘǎ ŀƴŘ ŜȄŜǊŎƛǎŜǎ ōŜŎƻƳŜ ƳƻǊŜ ŦǳƴŎǘƛƻƴŀƭΣ 

ƻǾŜǊƭŀǇǇƛƴƎ ǉǳŜǎǘƛƻƴǎ ŀǊƛǎŜ ŀǎ ǘƻ ǿƘŜǊŜ ǘƘŜ ǿŜŀƪ ƭƛƴƪ ƛǎ ƛƴ ŎƘŀƛƴ ŀƴŘ ǿƘŜǊŜ ǘƘŜ ǘǊŀƴǎŦŜǊ ƻŦ ƭƻŀŘ 

ǿƛƭƭ ōŜ ƭƛŀōƭŜ ǘƻ ŦŀƛƭǳǊŜΦ 

4d.   Different sports and specific biomechanics 

Different sports (and positions within the sports) have specific demands which call for various 

activation patterns and contributions of particular muscles. As a clinician, it is useful to have a 

thorough understanding of the mechanics of each sport, as well as the individual positions in the 

sport. These provide a baseline for assessment and management as it is acknowledged that 

there is significant variation in biomechanics between sports, positions and individuals. Whilst 

with the Super 14 Rugby team (for 5 years) 7 days a week, it was a perfect environment for me 

to analyse every positon and movement within the game (plus all the varying factors) by 

assessing individual positions whilst they were training and even occasionally participating. An 

example was being lifted and lowered as the lock to experience the nuances of this positon and 

the consequential possibility of back pathologies. I believe this assisted me in preventing 

pathologies due to my advice regarding a more careful approach to this movement, particularly 

being very careful not to suddenly let go of the lock after lifting him up high to retrieve the rugby 

ball. I have shared this aspect with my colleagues in my presentations and have specified the 

need to intensely analyse the exact movement required by an athlete and addressing it 

accordingly. 

 

4di. Running 

The different contributions of the hip muscles to the task of running are not well understood, 

and it may be important for recognizing the biomechanical mechanisms of running-related 

injuries and refining current treatment and prevention strategies, particularly for groin and hip 

problems.  
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Cognisance should be taken of the many studies discussing running biomechanics and the 

correct sequence of movement (Napier et al., 2015 and Snyder et al., 2009). Of interest is the 

study by Schache et al. (2000) who explored the implications of limited hip extension flexibility 

due to tight hip flexor musculature or anterior hip capsular and ligamentous structures and their 

possible cause of increased anterior tilt of the pelvis during running, bearing in mind that the 

anterior pelvic tilt and hip extension are coordinated movements during running. 

Another important factor is the role of Gluteus Maximus in running. The major functions of the 

Gluteus Maximus during running is to control flexion of the trunk on the stance-side and to 

decelerate the swing leg. Contractions of the stance-side Gluteus Maximus may also help to 

control flexion of the hip and to extend the thigh (Lieberman et al., 2006). All this may be 

affected by incorrect biomechanics. 

Further, the consideration of weak hip muscles is of value in development of running-related 

injuries (Niemuth et al., 2005). Although no cause-and-effect relationship was established, their 

study showed an association between hip abductor, adductor, and flexor muscle group strength 

imbalance and lower extremity overuse injuries in runners. The addition of strengthening 

exercises for weak hip muscles may offer better treatment results in patients with running 

injuries. This should be adapted by clinicians working with any groin or hip pathologies (or for 

prevention). 

Another pertinent fact that should be taken into consideration when designing management 

strategies for athletes regarding hip and groin problems, is that of the gender differences and 

biomechanical implications. The biomechanical factors of the hip between sexes were 

investigated with regard to running-related injury (Vannatta and Kernozek, 2018) and their 

outcome showed that males and females demonstrate differences in gluteal 

muscle forces and hip kinetics and kinematics during running. Females may have to generate 

greater gluteal medius and minimus muscle forces to meet the requirements imposed partially 

by greater hip adduction position of the hip. Females may also utilise a different muscular 

strategy to generate hip extension and external rotation moment than males. Clinicians need to 

be aware of these differences when assessing or managing these athletes and bear it in mind 

with all biomechanical assessments in all sports.  

 



126 
 

4dii. Cycling 

I have given a number of presentations over the years regarding prevention and management of 

cycling injuries e.g. Cyclists Touring Club, Suffolk and Team Sky. Apart from a number of studies 

over the years on cycling biomechanics, there is minimal evidence that specifies the impact of 

cycling on the pelvic/hip region and the possible resultant pathologies that may develop (Burnett 

et al., 2004; Damm et al., 2017; Hull et al., 1990; Juker et al., 1998; Muyor and Zabala., 2016; 

Navot and Kalichman, 2016; Sauer et al., 2007; Trofaier et al., 2016). Although some may study 

hip movement, they do not specify specific hip muscles involved e.g. Elmer et al. (2011). The 

findings by Ando et al. (2019) indicated that the relative contribution of the Gluteus Maximus 

and Rectus Femoris to the cycling movement can be enhanced using a high intensity protocol. It 

would be useful to obtain more information of exact muscle input at different phases of cycling. 

 

4diii. Football 

Slide 100 

 

The kicking action in football was claimed to be the most frequent reported football action 

inciting groin injury (Langhout et al., 2018) and has been increasingly documented in studies 

(Jensen et al., 2014; Rada et al., 2019; Torreblanca-Martinez et al., 2017; Watanabe et al., 2018) 

(Slide 100). Charnock et al. (2009) highlighted the role of Adductor Longus during the kicking and 
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swing phase and the risk of injury of this muscles during the transition from hip extension to hip 

flexion. 

Slide 101 

 

Interesting for clinicians is the in-depth analyses of the football kick, where inadequate hip range 

of motion causes excessive compensatory motion through the pubic symphysis and possible 

resultant effects to the kicking muscles involved (Slide 101). Langhout et al. (2018) explained that 

the central body actions play an important role in kicking and maximal kicking showed larger 

segmental range of motion than submaximal kicking. Thus football players with groin injury 

refrain from maximal kicking. I have considered this factor and my approach for prevention and 

rehabilitation has improved these past years with this knowledge, as has been the case with 

many sports clinicians who keep up with the latest research on this topic. Previous groin injury 

was related to decreased hip range of motion and they stated that information on range of 

motion differences between maximal and submaximal kicking within players is lacking.  A finding 

explaining detailed kicking action, demonstrated the coordination of body segments during the 

maximal kick in (sub) elite football players. Range of motion of the backswing is important to 

allow pre-stretch of myofascial structures and range of motion of the forward swing is 

mandatory to develop segmental velocity. These findings suggest that flexibility of the tension 
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arc and pelvis are essential in developing ball speed. All the above points are significant when 

clinicians are tailoring a rehabilitation or prevention protocol. 

Further studies explaining the intricacies of change of direction in soccer include Malloy et al. 

(2016) and Rouissi et al. (2016). Malloy described the outcome that females with greater hip 

external rotator strength demonstrated better dynamic control of the lower extremity during 

unanticipated single-leg landing and cutting tasks and provides further support for the link 

between hip strength and lower extremity landing mechanics. These factors should be analysed 

when assessing any groin or hip pathologies. 

²ǊƛƎƘǘ ŀǘ ǘƘŜ Cƻƻǘōŀƭƭ aŜŘƛŎŀƭ /ƻƴŦŜǊŜƴŎŜ όaƛŘƭŀƴŘǎΣ ¦ƴƛǘŜŘ YƛƴƎŘƻƳΣ нлмсύΣ ŘƛǎŎǳǎǎŜŘ ŀ ǎǘǳŘȅ 

ǿƘƛŎƘ ŘŜƳƻƴǎǘǊŀǘŜŘ ǘƘŜ ŀƭǘŜǊŜŘ ǇŀǘǘŜǊƴǎ ƻŦ ƭŀƴŘƛƴƎΣ ŎǳǘǘƛƴƎ ŀƴŘ ŎƘŀƴƎŜ ƻŦ ŘƛǊŜŎǘƛƻƴ ƛƴ 

ŦƻƻǘōŀƭƭŜǊǎ ǿƘƻ ǇǊŜǎŜƴǘ ǿƛǘƘ ƎǊƻƛƴ Ǉŀƛƴ ό.ƻǘƘŀ Ŝǘ ŀƭΦΣ нлмпύΦ These preliminary findings 

suggested that impaired movement control exists in academy footballers with FAIS. These 

biomechanical mechanisms of dysfunction, where there is ŘƛǎǎƻŎƛŀǘƛƻƴ ƻŦ ǘƘŜ ŦŜƳǳǊ ŀƴŘ ǘƘŜ 

ǘǊǳƴƪ Ƴŀȅ ŎŀǳǎŜ ƭǳƳōƻ-ǇŜƭǾƛŎ ƘƛǇ ƛƴǎǘŀōƛƭƛǘȅ ŀƴŘ identifying and classifying these movement 

faults may prove necessary for effective prevention and management of symptoms by 

controlling movement adaptations. 

King et al. (2018) found that soccer players with unilateral hip-related groin pain may exhibit 

distinct biomechanical differences compared with the asymptomatic side. This was re-affirmed 

by Rutherford et al. (2018). However, they expressed their opinion that there is a lack of 

objective testing of hip joint function to understand implications of FAI for dynamic movements, 

particularly with applications to biomechanics. These permutations will be referred to in the 

rehabilitation chapter. 

4d iv. Ice Hockey 
 
Although I have not been personally involved in ice hockey, I have endeavoured to understand 

the unique functional demands and the patterns of injuries they may promote. 

Certain movements often place the hip in forced and repetitive supra-physiological ranges of 

motion (Brunner et al., 2016). Kallio et al. (2015) explained that hip problems have increased, 

especially among young ice hockey goalkeepers and those using the butterfly technique. Thus 

these athletes commonly endure groin injuries or hip pain (Kuhn et al., 2016). Mosenthal et al. 
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(2017), explained that activities such as powerful forward or cross-over skating requires strong 

eccentric contraction of the adductors, making this muscle group particularly vulnerable and 

thus may lead to common groin pain experienced by these players.  

 

Summary - Functional Anatomy ς Biomechanics 

The biomechanics of all movement, which includes the normal range of variability between 

individual athletes, as well as the biomechanics of specific sports, requires an in-depth   

understanding and analysis. This includes basic posture to load management through the entire 

kinetic chain with knowledge of the interaction of all muscles, joints, fascia and tendons. The 

comprehension of the possible other pathologies associated with the groin and hip 

biomechanics, as well as any mal-adaptations, requires assessment with all athletes and on an 

individual basis. 

 

Conclusion ς Anatomy versus Functional Anatomy  

Slide 102 

 

As I have observed in my career, the complex and intricate anatomical relationship and 

functionality required is frequently underestimated when dealing with hip and groin pathology in 

elite and recreational sportsmen and women. I, personally, have definitely improved my 

management of hip and groin athletes since I have undertaken this thesis and absorbed so much 

new information. I have also had very positive responses from my fellow colleagues when giving 

presentations, as they too have previously not recognised this vital factor and realise now that a 
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thorough understanding of the basic underlying anatomy, pathophysiology and biomechanics of 

individual athletes, may lead to considerable advances in their care (Slide 102). The challenge lies 

between ascertaining the anatomical diagnosis vs. pathological diagnosis vs. functional 

diagnosis. The interaction of the three will influence prognosis and management.  

 

Thus by understanding all these permutations and having an in-depth knowledge of the entire 

structural and functional anatomy involved, a screening programme can be developed and 

prevention programmes put in place. ¢Ƙƛǎ ǘƘŜǎƛǎ ƛǎ ōŜƛƴƎ ǳƴŘŜǊǘŀƪŜƴ ǘƻ ǳƴŘŜǊǇƛƴ ǘƘƛǎ 

ǳƴŘŜǊǎǘŀƴŘƛƴƎ ŀƴŘ ǘƻ ǎƘŀǊŜ ǘƘƛǎ ƪƴƻǿƭŜŘƎŜ ǿƛǘƘ ŎƭƛƴƛŎƛŀƴǎ ƛƴ ǊŜƭŜǾŀƴǘ ǎǇƻǊǘ ŘƻƳŀƛƴǎ ǎƻ ǘƘŀǘ ǘƘŜȅ 

Ŏŀƴ ǳǎŜ ƛǘ ŎƻƴǎǘǊǳŎǘƛǾŜƭȅ ǘƻ ŀŘǾƛǎŜ ƳŀƴŀƎŜƳŜƴǘ ŀƴŘ ǇǊŜǾŜƴǘŀǘƛǾŜ ǎǘǊŀǘŜƎƛŜǎ ŦƻǊ ŀǘƘƭŜǘŜǎ ǿƛǘƘΣ ƻǊ 

ŀǘ Ǌƛǎƪ ƻŦ ƎǊƻƛƴ ŀƴŘ ƘƛǇ ǇŀǘƘƻƭƻƎƛŜǎΦ 
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Chapter 5 

Groin and Hip Assessment 

 

5a. Introduction 

As discussed in previous chapters, hip and groin pain can be a long-standing and debilitating 

condition. The complex clinical presentation and multiple symptoms related to groin pain often 

ƛƳǇŜŘŜ ǎǇƻǊǘǎ ŎƭƛƴƛŎƛŀƴΩǎ ŀōƛƭƛǘȅ ǘƻ ŜǎǘŀōƭƛǎƘ ƛǘǎ ǎŜǾŜǊƛǘȅ ŀƴŘ ǇǊƻǾƛŘŜ ǎǇŜŎƛŦƛŎ ƎǳƛŘŜƭƛƴŜǎ ŦƻǊ 

optimal management. Several tests have been suggested as screening and assessment tools for 

evaluating a prevention strategy, specific treatment and readiness to return to play. However, 

the clinical tests available to diagnostic clinicians are complex due to the non-specificity of each 

test.  This may be one of the reasons that patients with groin and hip problems frequently have a 

delayed specific diagnosis and may undergo inappropriate management. I agree with the study 

by Reiman and Manske (2012), whereby they explained that the decline in the performance of a 

skilled clinical examination has possibly occurred from an over reliance on clinical special tests, 

laboratory tests, and imaging. All these factors have mostly been lacking in general consensus on 

the specificity of the outcomes. Fortunately, studies have been evolving over these past years 

with better specificity and sensitivity for testing groin and hips (Reiman et al., 2015). The 

specificity and sensitivity of these individual tests are detailed in Chapter 5e. As a clinician, I have 

used the literature to identify tests which have been found to be effective both scientifically and 

clinically. It would be of great benefit if one could identify athletes at risk for developing groin 

injury by the use of specific tests (Delahunt et al., 2016).  
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Slide 103 

 
 

This chapter endeavours to highlight tests that have been most useful in my practice if used and 

analysed correctly (Slide 103). Functional tests, in particular, have been helpful and applicable. 

Specific tests are useful if they are part of a battery of tests, especially for tests with low 

specificity and sensitivity, and also analysed with sound clinical reasoning. 

Thus it is most important that functional tests as well as specific tests are performed on the 

athlete with groin and hip pain (and in pre-screening). Functional performance testing examines 

the ability of the person to put together a series of movements, rather than isolated single joint 

and planar movements, to safely and efficiently complete a task.  

 

From my clinical practice, I have found that the diagnosis is not always possible from the specific 

tests (bearing in mind the multiple pathologies which might be involved with the groin / hip 

pain). The functional tests show certain mal-adaptations /deficiencies. If these are rectified in a 

management strategy, the athlete can be successfully rehabilitated without a specific diagnosis. 

This is a key point of my thesis. In the absence of evidence surrounding a number of these 

functional tests, sound and consistent use of clinical reasoning remains essential to any clinician. 

Clinical reasoning is the process by which a clinician interacts with a patient, collecting 

information, generating and testing hypotheses, and determining optimal diagnosis and 

treatment based on the information obtained. This management requires ongoing assessment 

and re-assessment throughout the season. 
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5b. Functional Tests    

5b i. Background 

Sports-related groin pain is a common entity in rotational sports such as football, 

rugby and hockey, accounting for 12-18 % of injuries each year, with high recurrence rates and 

often prolonged time away from sport (Kloskowska et al., 2016). Thus, as has previously been 

mentioned, the precise movement patterns and associated muscle function in athletes both 

prior to and following the onset of sports-related groin pain need to be scrutinized.  

 

Functional tests are my most useful tool and the cornerstone for assessing and managing an 

athlete with groin and/or hip pain (Reiman and Manske, 2011; Reiman and Manske 2012). A 

clear distinction should be made between clinical testing and functional performance testing. 

Functional performance testing has multiple purposes. It can provide quantitative and qualitative 

information on specialized movements in sport, whereas clinical testing is at the level of 

impairment, not the assessment of overall functional ability (Manske and Reiman, 2013). They 

claimed that functional performance tests can help determine when an athlete can return to 

unrestricted activity, although further research is desperately needed in this area to determine 

how adaptations during functional tests can be measured and quantified. Additionally, a lack of 

standardization exists, as little information is known about how various tests relate to one 

another and which tests are best to use in isolation or in combination as a means to assess a 

broad range of function. They concluded that it is highly likely that performance-based function 

testing should utilize a wide range of assessments, including patient self-report questionnaires, 

assessment of psychological factors (e.g. fear), and quality of movement during functional tests 

as assessment for return to function. 
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Slide 104 

 
 

Slide 105 

 

Central to functional testing is identifying the source of dysfunction (Slide 104). This can only be 

done by observing the entire kinetic chain and performing a series of functional tests accordingly 

(Lewis and Sahrmann, 2015) (Slide 105). 

 

Regarding functional tests, as has been discussed in Chapter 4 - Functional Anatomy, 

strengthening hip abductor muscles has been a recent effective trend in therapeutic 

intervention studies to prevent and rehabilitate different pathologies such as low back pain 

this should be done for all our sports patients, as the hip abductor muscles are crucial for 

the correct functioning of the entire lower extremity. 
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Table 4: Functional Tests  

Title Author Test Outcome  
The relationship between hip-
abd strength (HABD) and the 
magnitude of pelvic drop in 
patients with LBP. 

Kendall 
et al., 
2010. 

Trendelen
burg test 
(TT) 

HABD strength may not be the only 
contributing factor in controlling pelvic 
stability, and the static TT has limited use as a 
measure of HABD function 

Increased external hip-rotation 
strength relates to reduced 
dynamic knee control in 
females: Paradox or 
adaptation? 

Bandhol
m et al., 
2011. 

Drop 
Jumping 

Greater maximal external hip-rotation torque 
was related to greater change in knee marker 
distance during drop jumping 

Glut muscle activity and PFP: A 
systematic review.  

Barton et 
al., 2013. 

Stair 
ascent and 
descent 

The relationship between the gluteal muscles 
and PFP showed moderate-to-strong evidence 
that G Med muscle activity is delayed and of 
shorter duration during stair ascent and 
descent in individuals with PFPS.  There was 
impaired ability to control frontal and 
transverse plane hip motion. 

Greater understanding of 
normal hip physical function 
may guide clinicians in 
providing targeted 
rehabilitation programmes 

Kemp et 
al., 2013. 

 Provided clinicians with a number of reliable, 
clinically applicable tests. Strength measures 
and functional performance measures 
explained as a reference for assessment  

The recognition and evaluation 
of patterns of compensatory 
injury in patients with 
mechanical hip pain. 

Hammou
d et al., 
2014. 

 ! άƭŀȅŜǊŜŘ ŀǇǇǊƻŀŎƘέ ǘƻ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ 
aetiological factors contributing to pain 
around the hip joint and associated hemi-
pelvis, 

The pelvic femoral rhythm in 
cam-type FAI. 

Van 
Houcke 
et al., 
2014. 

 Posterior pelvic rotation during active high-end 
hip flexion is increased in FAI, indicating the 
presence of an active compensational 
mechanism  

The relationship between 
maximal hip Abd strength and 
resultant loading at the knee 
during walking 

Lewinson 
et al., 
2014. 

Walking Seemed more likely that Hip Abd weakness 
was a consequence of OA rather than a 
predisposing factor. 

Is hip strength a risk factor for 
PFP? A systematic review and 
meta-analysis. 

Rathlef et 
al., 2014. 

 There may be no association between 
isometric hip strength and risk of developing 
PFP.  

Hip Abd function in individuals 
with medial knee 
osteoarthritis: Implications for 
medial compartment loading 
during gait.  

Rutherfor
d et al., 
2014. 

 There was no clear relationship between Hip 
Abd muscle strength and temporal knee 
adduction movements  

The influence of changes in 
trunk and pelvic posture during 
single leg standing on hip and 
thigh muscle activation in a 
pain free population.  
 

Prior et 
al., 2014. 

Single leg 
standing 

The influence of changes in trunk and pelvic 
posture during single leg standing on hip and 
thigh muscle activation in a pain free 
population.  

Experimentally reduced hip-
Abd muscle strength and 
frontal-plane biomechanics 
during walking. 

Pohl et 
al., 2015. 

Walking Short-term reduction in hip-abductor strength 
was not associated with alterations in the 
frontal-plane gait biomechanics of young, 
healthy men. 
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HABD: Hip Abduction; Glut: Gluteus; SLS: Single-leg squat; FAI: Femoro- acetabular 

impingement.; LBP: Low back pain; PFP: Patella Femoral pain; Hip Abd: Hip Abductor. 

 

Table 4 demonstrates the complexity of movement patterns and muscle action and thus the 

importance of recognizing and addressing concomitant compensatory injury patterns associated 

with groin and hip pathology.  

The complexities of the effect of posture on the hip abductor mechanism and the relationship of 

anticipatory Gluteus Medius activity to pelvic and knee stability have been validated over the 

past years (Berry et al., 2015; Kim et al., 2016). Deficits in hip abductor muscle morphology, 

strength, activation patterns and functional control of the pelvis on the femur have been 

demonstrated in those with osteoarthritis of the hip (Arokoski et al., 2002; Sims et al., 2002), 

tibio-femoral osteo-arthritis (Chang et al., 2005), patella-femoral pain (Cowan et al., 2009 and 

Mascal et al., 2003) and iliotibial band syndrome, (Fairclough et al., 2007 and Fredericson et al., 

2005).  

 

Grimaldi (2011) re-affirmed the close association between hip abductor function and 

segmental alignment of the femur, pelvis and trunk and discussed the significant  

effect daily postural habit may have on hip abductor muscle structure and function.  

LŘŜƴǘƛŦȅƛƴƎ ƴŜƎŀǘƛǾŜ ǇƻǎǘǳǊŀƭ Ƙŀōƛǘǎ ǎǳŎƘ ŀǎ ǎǘŀƴŘƛƴƎ ΨƘŀƴƎƛƴƎ ƻƴ ƻƴŜ ƘƛǇΩ ƛƴ ŀŘŘǳŎǘƛƻƴΣ 

 or with the legs crossed in bilateral adduction may have significant impact not only on short 

 term, but on long term outcomes. Thus assessment of an ŀǘƘƭŜǘŜΩǎ activities of daily living 

 is a most important part of evaluation of the athlete and possibly prevention of groin 

 and hip pathologies. Over the years, I have observed that clinicians working with sportsmen and 

ǿƻƳŜƴ ƻŦǘŜƴ ŘƻƴΩǘ ǊŜŀƭƛǎŜ ǘƘŀǘ the problem with the hip or groin is as a result of their activities 

of daily living, rather than the sport itself. I, myself only reached this conclusion after many years 

of practicing in the sports world. 

 

Outcome of these studies:   The above studies and those in Table 3 re-affirm the effect that the 

hip joint muscles have on the kinetic chain, particularly the lower limb joints and muscles. Thus a 

thorough assessment of the entire kinetic chain, with evaluation of thelateral stability muscles 

should be mandatory for all patientsΦ ¢ƘŜ ǇŀǘƛŜƴǘΩǎ activities of daily living, as well as in their 

respective sport, require thorough appraisal and all these findings should be interpreted 

together, rather than independently. 
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5b ii. Further relevant Functional Tests for hip and groin pain 

There are many different functional tests, some of which are validated and others useful 

anecdotal tests. I do not think that we should be restricted by research only. Clinicians have the 

power to improvise and develop functional tests specific to the sport (and position within the 

sport). My years of being very involved with different sports has taught me that we still have  a 

way to go regarding specific sports tests, but if clinicians took ownership, it is possible to develop 

meaningful functional tests. I think of the PNF, hamstring and shoulder tests that I developed 

due to the problems that I encountered regarding return to training and matches in sport. They 

were extremely meaningful and accepted by the coach and player. Retrospectively, I wish I had 

these tests researched and validated. I believe that as clinicians we have in our scope 

opportunities to develop tests specific to the functionality of the athlete and then we should be  

interacting with the research team to authenticate the particular tests.  

A useful study identified specific differences and correlations for several biomechanical variables 

during a single-leg landing, a single leg squat, a double-leg landing, and a double-leg squat 

(Donohue et al., 2015). The outcome was that individuals are likely to demonstrate different 

profiles of injury risks when screened using different tasks. They described double-leg landing 

task as a priority until specific risk factors have been identified using other tasks. Thus the 

clinician should take cognisance of these studies and undertake a number of tests, using clinical 

reasoning to achieve a satisfactory outcome.  
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Slide 106 

 

It is of note that Southampton Football Club (with whom I have had ongoing discussions), has 

been following an excellent groin and hip prevention protocol based on screening, including 

many of the functional tests as described below and have the least problems in Premier League 

(Slide 106). 

 -  Small Knee Bend Test 

Slide 107 
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Wright presented at the Football Medical Association Conference (Midland, United Kingdom, 

May, 2016) on screening of the hip and groin, including gym based and field based interventions. 

IŜ ŘƛǎŎǳǎǎŜŘ ǘƘŜ ǎǘǳŘȅ ŜǾŀƭǳŀǘƛƴƎ ǇƭŀȅŜǊǎ ŦǊƻƳ {ƻǳǘƘŀƳǇǘƻƴ Cƻƻǘōŀƭƭ /ƭǳō ό.ƻǘƘŀΣ нлмпύ ŀǎ ǇŜǊ 

{ƭƛŘŜ млт ǎƘƻǿƛƴƎ ǳƴŎƻƴǘǊƻƭƭŜŘ ƳƻǾŜƳŜƴǘ ŘǳǊƛƴƎ ŀ ǎƳŀƭƭ ƪƴŜŜ ōŜƴŘ ǘŜǎǘ ƛƴ ȅƻǳƴƎ ŦƻƻǘōŀƭƭŜǊǎ 

ǿƛǘƘ C!LΦ ¢ƘŜƛǊ preliminary findings suggest impaired movement control exists in academy 

footballers with symptomatic FAI. Identifying and classifying these movement faults may prove 

necessary for effective prevention and management of symptoms by controlling movement 

adaptations. However, they ascertained that further studies are warranted to validate these 

findings against motion analysis technology and muscle activity using electromyography, and to 

further understand the mechanisms of movement dysfunction. 

 

-   Inner Range Holding test 

Slide 108 

 
 

Another useful test was shown by Gimpel (Warwick Hip Meeting, 2016) and I have found this 

test to be most effective in analysing the strength of the hip flexors in inner range of motion 

(Slide 108). It is interesting to notice how few athletes are able to hold this inner range static 

position for a reasonable time, the weakness of which I believe may be a precursor for groin or 

hip problems. My experience with cricket bowlers and the often sustained injury of the ilio-psoas 

muscle, highlights this fact and the obvious weakness which requires strengthening in inner 

range (and with bowlers a long lever i.e. the leg in full extension). Practically, I have added in the 
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long lever inner range holding test in standing for fast bowlers or when specifically required in a 

sport. 

 
-   Hip Trunk Dissociation 
 
Slide 109 
 

 
 

The hip dissociation test was implemented with apparent success by Southampton Football Club 

(Slide 109). !ŎŎƻǊŘƛƴƎ ǘƻ {Φ ²ǊƛƎƘǘ όǇŜǊǎƻƴŀƭ ŎƻƳƳǳƴƛŎŀǘƛƻƴΣ aŀǊŎƘ нсǘƘ нлмфύΣ ƛŘŜƴǘƛŦȅƛƴƎ 

ŘȅǎŦǳƴŎǘƛƻƴ ƻŦ ƘƛǇ ŀƴŘ ǇŜƭǾƛǎ ŘǳǊƛƴƎ ǘƘƛǎ ǘŜǎǘ Ƙŀǎ ōŜŎƻƳŜ ŀ ƪŜȅ ǘŜǎǘΦ However, he does concur 

that with these players with a history of groin pain and FAI, for significance they need to be 

compared against matched controls who were asymptomatic to get specific validation. He 

maintained that they had a significant reduction in surgical cases, which they attributed to the 

pre- activation strategies and the introduction of movement control. I have been using this test 

with groin, hip and knee pathologies and have found the test to be most useful for evaluating 

weakness or impaired movement around the pelvic area, particularly in standing. 

 

 

 



141 
 

-   Trendelenburg Test  

 

Slide 110 

 

For many years the Trendelenburg test has been used by clinicians to detect hip abductor muscle 

weakness (Slide 110). Varying opinions regarding the Trendelenburg test were produced e.g. 

Kendall et al. (2010 and 2013) who discussed the fact that hip abductor strength may not be the 

only contributing factor in controlling pelvic stability, Bird et al. (2001), who declared that the 

Trendelenburg test was the most sensitive and specific physical sign for the detection of Gluteus 

Medius tears and Fujita et al. (2017), who concluded that a modified Trendelenburg test 

improved reliability. Grimaldi (2011) showed that with respect to assessment of the lateral 

stability mechanism, the clinician needs to determine the ability of the individual to control 

femoro-pelvic alignment in the frontal plane. This study stated that the traditional 

Trendelenburg test assessed the frontal plane orientation of the pelvis and trunk. An 

ΨǳƴŎƻƳǇŜƴǎŀǘŜŘΩ ǇƻǎƛǘƛǾŜ test result is described as pelvic tilt occurring towards the non-weight 

bearing side and a ΨŎƻƳǇŜƴǎŀǘŜŘΩ ǇƻǎƛǘƛǾŜ ǘŜǎǘ ŀǎ ǘǊǳƴƪ ƭŀǘŜǊŀƭ flexion towards the weight 

bearing side during single leg stance. 

I have found the Trendelenburg test to be most useful in my practice, but am aware that it is one 

of a number of tests that needs to be undertaken to reach any resultant possible diagnosis. Thus 

a positive Trendelenburg test is not diagnostic of a specific pathology and as with all tests, needs 



142 
 

to be evaluated in conjunction with other clinical signs and symptoms. This factor is being 

recognised these past years, as opposed to being reliant on one test being the answer to form a 

specific diagnosis. 

 

-   Double leg squat. 

Slide 111 

 
 
The clinician should consider that individuals are likely to demonstrate different profiles of injury 

risks when screened using different tasks such as single-leg squat, double-leg landing, and 

double-leg squat task (Donohue et al., 2015) (Slide 111).  Barton et al. (2014) compared single-

leg squat with double-leg squat task and indicated that single-leg squat may be more 

appropriate than double-leg squat task, particularly to facilitate strength gains of Gluteus Medius 

and Gluteus Maximus.  Another comparison of single-leg squat and double-leg squat task in 

National Collegiate Athletic Association players, showed that movement quality assessed on 

both the double-leg squat task or single-leg squat had greater incidence of lower extremity injury 

than those with non-poor movement quality (Eckard et al., 2018). Essentially, there is sparse 

evidence based medicine for the double-leg squat task and any association with the hip joint. 

Cheatham et al. (2018) stated that future research should focus on the association between 

common hip conditions and squat performance. 
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Clinically, I find this to be a most useful test for identifying a knee valgus and possible hip medial 

rotation due to hip stabilising muscle weakness.  

-   Lunge 

Slide 112 

 
 
Slide 112 shows the much used lunge test. Most of the lunge test studies explain the ankle 

dorsiflexion range of motion e.g. Powden et al.  (2015) or potential ACL problems e.g.   2Alkjaer 

et al. (2009) with minimal evidence for any hip connection and the lunge test. A test evaluating 

inter- and intra-observer reliability and discriminative validity of three movement control tests: 

1) standing knee-lift  test; 2) static lunge test; and 3) dynamic lunge test, showed an overall good 

agreement for the composite, scores and for the majority of the included test component. 

Although reliable, they advised that the tests should not be used for diagnostic purposes, but 

should be further evaluated toward predicted validity (Granstrom et al., 2017). 

I, personally, value this test, as it appears to demonstrate a number of movement malfunctions 

around the pelvis and the lower extremity. Although there is a dearth of research on fatigue and 

neuro-motor control, I believe that this is particularly the case with fatigue when the neuro-

motor system is not functioning to full capacity. This has been the case when I have undertaken 

this test before and after training. 
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-   Single Leg Squat  

Slide 113 

 
 

The single leg squat is commonly used for subjective assessments of general biomechanical 

function, injury risk, as a predictor for recovery and as an outcome measure of rehabilitation 

(Barker-Davies et al., 2018) (Slide 113). 

 

Table 5: Variations of outcome of the Single Leg Squat (SLS). 
 

Author  Outcome 
Claiborne et al., 
(2006): Prins and 
Van der Wurff, 
(2009); Baldon et 
al., (2009);  

These studies using the SLS and with systemic reviews demonstrated that there is a 
definite link between hip movement / strength and knee movements / PFP. 

Nakagawa et al. 
(2012). 

Trunk, pelvis, hip, and knee kinematics, hip strength, and Glut muscle activation 
during a SLS in males and females with and without PFP showed that despite many 
similarities in findings for males and females with PFP, there may be specific sex 
differences that warrant consideration in future studies and when clinically 
evaluating and treating females with PFPS. 
 

Weeks et al. 
(2015). 

Sex differences in SLS kinematics appear to apply only at the hip, knee, and pelvis 
and not at the trunk. Fatiguing exercise, however, produces changes at the trunk 
and pelvis with little effect on the knee. 
 

Khuu et al. (2016). The mechanics of the trunk, pelvis, and lower extremity during the SLS were 
affected by the position of the non-stance leg in healthy females. Practitioners can 
use these findings to distinguish between SLS variations and to select the 
appropriate SLS for assessment and rehabilitation. 
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Marshall et al. 
(2016). 

For chronic athletic groin pain, an SLS did not provide meaningful insight into hip 
and pelvis control or loading during sporting movements that are associated with 
injury development. The usefulness of an SLS test in the assessment of movement 
control and loading in Adductor Groin Pain patients is thus limited. The SLS 
provided moderate insight into knee control while landing and therefore may be of 
use in the examination of knee-injury risk. 
 

Barker-Davies et al. 
(2018). 

Although they found that comparisons between clinicians were unreliable, they 
supported repeated use of SLS by a single practitioner. They concluded that poor 
validity against kinematic data suggested that clinicians use additional information 
upon which they find agreement such as estimating kinetics e.g. correlation 
between hip internal rotation moment and subjective ratings whereby clinicians are 
trying to identify excessive abnormal loading. 
 

Warner et al.  
(2019) 

Due to variation in how the SLS was performed, it was not possible to determine 
specific biomechanical parameters that distinguish between pathological and non-
pathological groups 
 

 
SLS: Single Leg Squat; PFP: Patella Femoral Pain; PFPS: Patella Femoral Pain Syndrome. 

 

Although I have found value in identifying any biomechanical weakness when assessing the 

single leg squat, Table 5 demonstrates the varied opinions and outcomes regarding this test. 

These valuable comments need to be assessed accordingly and has been an awakening for me 

e.g. position of the non-stance leg or gender differences. Further studies that discuss the 

relevance of single leg squat include those of Crossley et al. (2011); Edmondston et al. (2013); 

Nakagawa et al. (2012) and Prior et al. (2014). 

 

-    Leg Step down 

Slide 114 
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The single leg step-down test is often done in conjunction with single leg squat, both of which 

are commonly used functional tasks to assess movement patterns (Burnham et al., 2016; Khuu et 

al., 2016; Lewis et al., 2015) (Slide 114). As has been discussed previously, research has shown a 

connection between lower extremity injury and weak hip muscle strength and the single leg 

step-down is an excellent clinical tool to assess the functionality of the pelvis and hip joint 

muscles during this test (Ireland et al., 2003). Khuu et al. (2016), by performing a biomechanical 

comparison of three variations, demonstrated in their study that not all single leg squats are 

equal. The mechanics of the trunk, pelvis, and lower extremity during the single leg squat were 

affected by the position of the non-stance leg in healthy females. Thus practitioners should bear 

in mind these findings to distinguish between single leg squat variations and to select the 

appropriate single leg squat for assessment and rehabilitation, be it for any assessment, 

including groin and hip assessment. With this explicit knowledge I now look for all these nuances 

when assessing a patient. 

Burnham et al. (2016) demonstrated that the single leg step-down test can be used as a 

screening tool to identify individuals with weak trunk and hip strength. The fact that it is agreed 

that further research should evaluate the single leg step-down as a screening and/or return-to-

play test and that more studies are required to specify the actions of the pelvis and hip muscles 

during this test, nonetheless, I believe that practically this test is a good indicator of any 

malfunction and should be undertaken. 
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-   Wall Running 

Slide 115 

 

A functional test that I use frequently for all my sportsmen and women is my devised wall 

running test. The player has to stand with one leg against the wall in a 90-degree knee flexion 

position. The other leg is planted on the ground. He then has to squat to approximately 60 - 80 

degrees slowly and controlled whilst swinging the opposite arm to the bent knee (Slide 115). It is 

imperative that he goes down in a plumb line position and does not extend his buttocks behind 

him. One starts slowly and then can increase the speed. Further, I suggest that if this is easy for 

them, a balance mat is added. 

There is no scientific evidence with regards to this test and it is subjective, based on the 

ŎƭƛƴƛŎƛŀƴΩǎ ŀǎǎŜǎǎƳŜƴǘΦ IƻǿŜǾŜǊΣ ƘŀǾƛƴƎ ǎŜŜƴ ǘƘŜ ōŜƴŜŦƛǘǎ ƻŦ ŀǎǎŜǎǎƛƴƎ ŦǳƴŎǘƛƻƴŀƭ ŘƛǎŎǊŜǇŀƴŎƛŜǎ 

in my athletic patients when performing this test, it would be useful if studies were undertaken 

to verify this test. Regardless, having developed and used this functional test over the past 20 

years with excellent outcome, I would strongly recommend its usefulness in assessing the hip 

and groin area (especially lateral hip stability), as well as the entire kinetic chain and should be 

used in conjunction with a number of other functional tests. As the slide above shows, the 

athlete performing this test is a national cricket spin bowler who had low back problems. I 

analysed his movement on this test and identified that his gluteal stabilising muscles were not 

functioning well, particularly with fatigue. ¢Ƙƛǎ ǿŀǎ ŎƭŜŀǊƭȅ ǎŜŜƴ ōȅ ǘƘŜ άŘǊƻǇǇŜŘέ ǇŜƭǾƛǎ ƻƴ ƻƴŜ 

side (similar to the Trendelenburg sign). With a comprehensive specific rehabilitation 

programme to strengthen the hip stabilisers, he returned to high level of play with no further 
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problems. I also believe that this strategy not only improves the current pathology, but may be a 

factor for strengthening relevant muscles and thus improving performance. Whilst with the 

Stormers rugby, I used this movement for many outcomes e.g. when travelling to Australia or 

New Zealand, the players had to do this exercise, albeit 3 am in the morning, or no matter how 

fatigued and irritable they may have been, due to the very long travelling and different time 

zones. This was to train the neuro-motor system to handle fatigue and ill temper, particularly for 

the end of matches. The Coach was in favour of this strategy. I share this strategy in all my 

presentations and I believe it is used by many clinicians in UK, SA and India. 

 

5b iii. Neuromotor Control 

As has been discussed in Chapter 4 - Functional Anatomy, neuro-motor control is the 

cornerstone for the functionality of the entire body. Studies have shown that there is impaired 

performance of the hip and groin area in the presence of certain pathologies which may reduce 

control of dynamic movements (Cowan et al., 2009; Martelli et al., 2011). Hatton et al., (2014) 

explored the relationship of balance control and hip chondropathy in young adults during a 

dynamic single leg squat with eyes open and a single leg squat task with eyes closed and whether 

hip range of motion and muscle hip strength was correlated with balance measures in adults 

with chondropathy. The outcome demonstrated reduced balance performance during a single 

leg squat in individuals with chondropathy and it was suggested that early signs of hip joint 

degeneration may impair postural control during dynamic tasks. Knowledge of the impact of 

pathologies on neuro-motor control may assist in the establishment of early identification 

strategies for individuals with associated balance deficits in order to provide a targeted approach 

to rehabilitation as a prevention strategy.  
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Slide 116 

 
 

The Slump test is a clinically useful neural test (Maitland et al., 1985; Urban et al., 2015) and may 

help in differentiating the fact of any referred neurological pain from the lumbar spine (Slide 

116). The Gluteus Maximus firing patterns (the prone leg extension test) is a valuable neuro-

motor control test which is used to evaluate the function of the lumbo-pelvis, the sequence of 

movement and possible effects on structures around this area (Bruno et al., 2014) (Slide 116). 

From my experience, I have found this test to be useful, as long as it is analysed correctly and is 

not considered to be sacrosanct for a one off diagnosis. This was shown by Lehman et al. (2004) 

whose outcome was that a consistent pattern of activation in the prone leg extension test was 

not found and a variability was seen across subjects. 
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Slide 117 

 

Essentially, there is no gold standard for objective measurement for proprioception (Larkin et al. 

2013) (Slide 117) However, very worthwhile functional balance tests which are used widely are 

the Balance Error Scoring System (BESS test) (Mulligan et al., 2013), the Star Excursion Balance 

Test (SEBT) (Gribble et al., 2013) and the Y (YBT) test (Fullam et al., 2014).  

 

Highly validated Neuromotor Tests 
 
Table 6 and the slides below, show the most utilised tests undertaken by clinicians world- wide 

for assessment of any neuro-motor deficiencies due to the validity and the positive outcomes.  

 

1)   Balance Error Scoring System - BESS Test 

Slide 118 
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2) Star Excursion Balance Test - SEBT Test 

Slide 119 

 

 

3)  YBT-LQ: Lower Quarter Y Balance Test 

Slide 120 

 
 

Slides 118 -120 clearly show each test which is used by most clinicians and features in many 

presentations / workshops. The YBT-LQ Test is a modified version of the SEBT test and is used 

extensively in practice (Gribble et al., 2013). Table 5 below shows the many studies affirming the 
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validity of these balance tests. However, there are minimum studies regarding groin and hip and 

neuro-motor control (Mendis et al., 2014). 

 

Table 6:  Highly validated Neuromotor Tests 
 

Test Author  Outcome 

BESS  Bell et al. (2011). The BESS test can detect balance deficits in participants with concussion 
and fatigue 
 

BESS  Alsalaheen et al. (2016). The effects of gender on the BESS performance support the gender-
specific reference values reported in this study. These reference values 
provide benchmarks for clinicians when interpreting the BESS in the 
absence of individual baseline scores. 
 

BESS Ozinga, (2018)  Despite the widespread use of the BESS, a fundamental gap exists in 
applying this tool to young athletes, as normative values regarding 
concussion are lacking in youth, high school, and collegiate athletes. 
Performance on the BESS depended on sex and age, particularly in youth 
athletes. These sex- and age-specific normative values provide a 
reference to facilitate and unify clinical decision making across multiple 
providers caring for youth athletes with concussions. 
 
 

SEBT Gribble et al. (2013).  SEBT for dynamic postural control shows that although the intrarater 
reliability of the SEBT is excellent, few authors have determined 
interrater reliability. Preliminary evidence has shown poor reliability 
between assessors 
 

SEBT Johansson and Karlsson 
(2016). 

Recommended that clinically one should combine SEBT in the 
posterolateral (PL) and posteromedial (PM) direction with other tests 
on patients with FAI. 
 

SEBT McCann, 2017. The chronic ankle instability group's isometric hip strength significantly 
influenced dynamic postural control performance as shown on the SEBT 
test 
 

SEBT Patel et al. (2018). The normative values of SEBT can be used by physical therapists, 
coaches and athletic trainers in order to interpret and compare with the 
normal values which will help to find out the risk of injury.  
 

SEBT Jaber et al. (2018). Alteration in proximal and distal muscle activity appears to negatively 
affect postural control and quality of movement, which may lead to 
prolonged functional impairments 
 

YBT-
LQ  
Test 

Gorman et al. (2012). Demonstrated the differences in dynamic balance scores in one sport 
versus multiple sport in high school athletes using the YBT-LQ. 

YBT-
LQ  
Test 

Kang, (2015). Hip flexion was the best single predictor of PM and PL normalized 
reaches of the YBT-LQ. The combination of hip flexion and ipsilateral 
trunk bending and the combination of hip flexion and contralateral trunk 
bending accounted for 69% and 80% of the variance in the PM and PL 
normalized reaches of the YBT-LQ, respectively. 
 

YBT-
LQ  

Smith et al. (2018). 79% of the high school athletes presented with at least one asymmetry 
in YBT-LQ reach distances. Moderate reliability in the PL and PM 
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Test directions warrants re-examination of the definition of asymmetry in 
these directions. 
 

YBT-
LQ  
Test 

Schwiertz et al. (2019). The observed values suggest that the YBT-LQ is a reliable test and 
suitable to detect changes of dynamic balance performance 
in healthy adolescents aged 11-19 years 
 

Chimera and Warren, (2016). Review of: FMS, SEBT test, Y Balance Test, Drop Jump Screening Test, 
Landing Error Scoring System, and the Tuck Jump Analysis. 
Outcome: Highlighted the need for collaboration between clinicians 
and researchers to ensure validity of clinically meaningful tests so that 
they are used appropriately in future clinical practice. 
 

Bird and Marwick, (2016) Evaluation of the Functional Hop Test, BESS test, the Tuck Jump 
Assessment, the Lunge Test, and the SEBT test 
Outcome: Each of these assessments creates movement demands that 
allow for easy identification of inefficient and/or compensatory 
movement tendencies 

 
BESS Test: Balance Error Scoring System; WBLT: Weight-Bearing Lunge Test; ANT: Anterior Reach 

Test; SEBT: Star Excursion Balance Test; YBT-LQ: Lower Quarter Y Balance Test; FMS: Functional 

Movement Screening; PL: Posterolateral; PM: Posteromedial  

 

Table 6 explains balance studies with detailed analysis. Clinicians require this knowledge in 

conjunction with the clinical application of these tests. Further, what is required is normative 

data for each sports and the specific requirements involved e.g. Hudson et al. (2016). 

 

Conclusion - Functional Tests  

The reliability of functional performance tests has not been established on patients with hip 

dysfunction (Kivlan and Martin, 2012). Although many of the studies are mostly related to 

pathologies other than the hip and groin, clinicians should bear in mind the findings from the 

studies and use clinical reasoning to select the appropriate tests for assessment and 

rehabilitation. Interpretation of these findings by experienced clinicians may identify nuances for 

individual patients that are missed when data is collated during research studies.  Further one 

should take note that individuals are likely to demonstrate different profiles of injury risks when 

screened using different tasks. Thus again, I confirm that each clinician has the opportunity to 

analyse these tests, as well as use their initiative to develop relevant tests for each individual in a  

particular sport. 

 

Movement tests such as those mentioned above, have gained a lot of popularity in the clinical 

setting as a tool to predict injury and guide injury prevention programs/training. However, 
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clinicians should be aware that various factors like sex differences, previous injury history, and 

sport participation can influence the accuracy of these screening tests. Therefore, it is important 

to evaluate the validity, reliability, and accuracy of these tools before implementing them into 

clinical practice.  While these screening tests have been used readily in the clinical field, it is only 

recently that some of these have started to gain attention from a research perspective. I have 

utilised many of these functional tests and have found them to be of great value in my overall 

assessment and subsequent management of my patients with hip and groin pain (as well as 

other pathologies). 

 

5c.  Objectivity in Measuring Performance 

An ongoing issue regarding tests is the difficulty of objectivity when undertaking tests for the hip 

and groin. It is important that one understands the difference between subjective and objective 

assessment. If one was totally reliant on objective research, many practically applied, useful tests 

would not be undertaken. Many of the tests are largely subjective and heavily influenced by the 

ŎƭƛƴƛŎƛŀƴΩǎ ŜȄǇŜǊƛŜƴŎŜΦ L ƘŀǾŜ ŘŜǾŜƭƻǇŜŘ ŀ ƴǳƳōŜǊ ƻŦ ǘŜǎǘǎ ƻǾŜǊ ǘƘŜ ȅŜŀǊǎ ƛƴ Ƴȅ ǇǊŀŎǘƛŎŜ ǿƘƛŎƘ 

have not been researched, but nonetheless have given me insight into patient dysfunction and 

has guided me to address the deficits in the functional movement of the athlete.  An example of 

this are my hamstring tests which I developed for the Super 14 Rugby team. A PhD student is 

currently investigating the validity of these 7 tests. It would be useful if the practical tests which 

clinicians devise could be translated into research and thus possibly become more research 

based and thus more acceptable. 
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Slide 121 

 

 
A number of researchers have attempted to improve the objectivity of functional tests by 

measuring the outcome e.g. the force platform (Meshkati et al., 2011 and Quatman-Yates et al., 

2013) (Slide 121). The value of the force platform has been demonstrated by showing relevant 

normative values in male junior soccer players (U16, U17 and, U18 years) (Petridis et al., 2019). 

 

Slide 122 
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The Functional Movement Screen (FMS) is used extensively in clinical practice and there are 

many studies to show the validity of this test (Slide 122). Many studies claim that FMS may be a 

useful tool in the screening of the athletic population with good inter-rater and intra-rater 

reliability (Berry et al., 2015; Cuchna et al., 2016; Leeder et al., 2016; Parenteau et al., 2014; 

Teyhen et al., 2012). However, not all studies showed validation of this screening method (Bring 

et al., 2018; Dorrel et al., 2018; Moran et al., 2016). FMS subtests (as well as the Y-BT test) were 

shown to be weakly or moderately correlated with self-reported hip/groin problems. Newton et 

al. (2017) showed that there was no relationship between Functional Movement Screening score 

and injury. It was unable to predict any non-contact injury among English Premier League youth 

academy players. Thus they suggested that the Functional Movement Screening should not be 

used for risk stratification among young elite soccer players since the composite score was 

unrelated to injury likelihood. 

Thus, it was recommended that these tests should be investigated further in adolescent 

footballers because they may have potential to predict hip and groin problems (Linek et al., 

2019). 

Slide 123 

 

G. Downie, Manchester City Academy physiotherapist (personal communication, March 14, 

2016), expressed a strong conviction that FMS should not be used in isolation and that although 
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it was vital to screen players, the key point about FMS was the interpretation and should be used 

in conjunction with other relevant tests (Slide 123). 

Thus results for the use of FMS are conflicting and may not be useful for all populations. 

However, from a clinical perspective when combined with clinical reasoning of a clinician there is 

definitely merit to this tool.  I personally, do believe that there is a role for FMS and hip and groin 

assessment. However, the costs involved, the interpretation of the tests and the fact that this 

should not be the single assessment, should be taken into account.   

Slide 124 

 

 

Although there is some debate as to the objectivity of Electromyography, studies do verify this 

objectivity (Khamis et al., 2015) (Slide 124). The Electromyography is mostly useful in research 

e.g.  Serner et al., 2014 (EMG evaluation of hip adduction exercises for soccer players); Kim et al., 

2016 (usefulness of isometric hip adduction during the plank exercise to enhance abdominal 

muscle activity); Hides et al., 2016 (Adductor Magnus and Adductor Longus muscles are 

recruited to different extents during a simulated weight-bearing task); Steinberg et al., 2017 

(hip muscle performance variables are related to leg, ankle and foot injuries) and Zaferiou et al., 

2017 (lower extremity control for ballet dancers during turns initiated with and without hip 

external rotation). However, while Electromyography provides interesting insights into testing 

protocols and interpretation, it is complex and equipment is very expensive. The use of this in a 
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clinical setting is limited but Electromyography may be useful in research to inform clinical 

assessment and management. 

 

Slide 125 

 
 

Isokinetic devices are commonly used to obtain measurements in clinical practice (Slide 125). 

Correct positioning and testing speeds are important when considering Isokinetic dynamometry 

(Santos Andrade et al., 2016 and Zapparoli and Riberto, 2016). Amongst others, two isokinetic 

devices that may be useful are the Biodex and Baltimore Therapeutic Equipment (BTE). There are 

studies to validate their efficacy (Benjaminse et al., 2009; Bhave et al., 2007; Glave et al., 2016; 

Rothstein et al., 1987; Wang et al., 2016). However, there are minimal studies specifically on the 

groin and hip (Biodex: Claiborne et al., 2009; Reimer et al., 2010; Roy et al., 2007. BTE: Fazio et 

al., 2012; Hoglund et al., 2014; Mutchler et al., 2015; Popovich et al., 2012; Smith et al., 2014; 

Souza and Powers, 2009). These hip studies are of value, but it would be good if more studies 

(particularly with the more functional BTE device) could be undertaken with regard to sports 

movements and functionality. 

It is positive to have objective assessment when assessing a patient and they have always been 

popular due to the fact that very comprehensive data is gathered and analysed.  However, once 

again the expense and interpretation is a difficulty when using these isokinetic machines. At one 

stage many years ago when I was undertaking my Masters degree (2003), these isokinetic 
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evaluations were THE answer. However, although I believe that they were definitely of benefit, I 

have never wavered from my functional subjective tests (in conjunction with these, where 

affordable), as my overall management of the pathologies / malfunctions responded positively 

to my functional assessments. 

5d.  The Influence of Fatigue 

The increase in competition demands in elite team sports over recent years has prompted much 

attention from researchers and clinicians into the monitoring of adaptation and fatigue in 

athletes. Although there are many types of fatigue such as acute, chronic, mental, central, 

metabolic and peripheral, monitoring general fatigue amongst athletes is common practice and 

the quantification of fatigue status has gained popularity among researchers and clinicians 

(Thorpe et al., 2017).  

Fatigue affects the physical and mental capacity of a sports person in respect of optimal 

performance (Whitehead et al., 2019). The quantification of fatigue status has gained popularity 

among researchers and clinicians (Thorpe et al., 2017). Regarding tests, be they specific tests or 

functional tests, fatigue needs to be factored into the testing protocols. From my perspective of 

working with many different teams, all tests should be undertaken (especially at the more 

advanced stage of injury recovery) when the athletes are fatigued e.g. after training. This 

evaluates the functional status likened to the athletic environment and can give insight with 

regards to re-injury, performance and return to play. Further, different times of the athletic 

calendar may show different outcomes regarding fatigue. There may be discrepancies and thus I 

believe that cognisance of timing of tests should be recognised and recorded on an ongoing 

basis.  
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Slide 126 

  

Fatigue was well described by Greig ŀǘ ŀ Cƻƻǘōŀƭƭ !ǎǎƻŎƛŀǘƛƻƴ ŎƻƴŦŜǊŜƴŎŜ ό[ƻƴŘƻƴΣ ¦ƴƛǘŜŘ 

YƛƴƎŘƻƳΣ нлмнύ ŀƴŘ ƛƴ ŀ ǎǘǳŘȅ ǿƘƛŎƘ ŘŜƳƻƴǎǘǊŀǘŜŘ ŀ ŘŜŎǊŜŀǎŜ ƛƴ dynamic balance performance 

as a function of time (Slide 126). Although this was related to ankle sprains, it may be true of 

groin and hip problems (Greig and McNaughton, 2014). From my perspective, I believe the 

clinician should perform most tests after training or once the athlete is fatigued which will give a 

true perspective of functional performance (or lack of it) when fatigued and thus resultant 

management. This is currently not common practice and I suggest that it needs to be highlighted 

in all sports. 

 

5e. Specific Tests 

5e i. Background  

Most clinicians overestimate the utility of special tests, assuming that they provide more 

decision-making capacity than they do (Brukner and Kahn, 2017). With so many tests in the 

clinical domain, combined with uncertainty concerning their accuracy and reliability, it can be 

difficult for clinicians to determine whether or not the tests they have chosen are providing them 

with the facts that they require. Further, because tests involve both clinical and interpretive 

ǎƪƛƭƭǎΣ ǊŜǎǳƭǘǎ Ƴŀȅ ŘƛŦŦŜǊ ǿƛǘƘ ǘƘŜ ƭŜǾŜƭ ƻŦ ǘƘŜ ǘŜǎǘŜǊΩs technical expertise or experience (Hattam 

and Smeatham, 2012). It could be argued that this is also true of functional tests. From my years 
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of working with athletes, I believe that experience and an in-depth knowledge of the whole 

kinetic chain in various movement patterns, as explained previously, is the basis for correct 

functional testing and should be performed in conjunction with the specific tests. 

Specific clinical testing of the hip is not nearly as comprehensively investigated as other body 

parts such as the shoulder and the knee. This dilemma of testing was well articulated in the book 

by Hattam and Smeatham (2012), whereby they explain each specific hip test in detail and the 

purpose of each test. However, the tests were shown to generally have low specificity and 

sensitivity and it proved that it is vital that the clinician always undertakes a battery of tests.  

Even then, the outcome for a specific diagnosis is arbitrary. Further, the clinicians need to 

undergo the functional tests in conjunction with these specific tests. 

 Brukner and Kahn, (2017) ƛƴ ǘƘŜ ŎƘŀǇǘŜǊ ƻƴ ƘƛǇ ǇŀƛƴΣ ƭŀƛŘ ƻǳǘ ǘƘŜ ǎǇŜŎƛŦƛŎ ǘŜǎǘǎ ŦƻǊ ƘƛǇ Ǉŀƛƴ ŀƴŘ 

ƘƛƎƘƭƛƎƘǘŜŘ ǘƘŜ ǾŀƭƛŘ ǘŜǎǘǎ ǿƛǘƘ ŀ ŘƻǳōƭŜ ŀǎǘŜǊƛǎƪΦ hƴƭȅ п ƻŦ ŀƭƭ ǘƘŜ ǘŜǎǘǎ ǿŜǊŜ ŘŜŜƳŜŘ ǘƻ ōŜ ǾŀƭƛŘ 

ŀƴŘ ƴƻƴŜ ƻŦ ǘƘŜ ŦǳƴŎǘƛƻƴŀƭ ǘŜǎǘǎ ǿŜǊŜ ǊŜǇƻǊǘŜŘ ǘƻ ōŜ ǾŀƭƛŘΦ Lƴ ǘƘŜƛǊ ǘŀōƭŜ ƻƴ ŘƛŀƎƴƻǎǘƛŎ ŀŎŎǳǊŀŎȅ 

ƻŦ ŎƭƛƴƛŎŀƭ ǘŜǎǘǎ ƛƴ ǇŀǘƛŜƴǘǎ ǿƛǘƘ ƘƛǇ Ǉŀƛƴ όǇŀƎŜ сллύΣ ǘƘŜȅ ŘƛǎŎǳǎǎ ǘƘŜ ǎǇŜŎƛŦƛŎƛǘȅ ŀƴŘ ǎŜƴǎƛǘƛǾƛǘȅ ƻŦ 

ŜŀŎƘ ǘŜǎǘ ŀƴŘ ŀƭƭ ǘƘŜ ǾŀǊƛƻǳǎ ǇŜǊƳǳǘŀǘƛƻƴǎ ƛƴǾƻƭǾŜŘΦ L ōŜƭƛŜǾŜ ƛǘ ƛǎ ǿƻǊǘƘǿƘƛƭŜ ǘƻ ǊŜŀŘ ŀƭƭ ǘƘŜǎŜ 

ǎǘŀǘŜƳŜƴǘǎΣ ōǳǘ ǘƻ ŎƻƴǘƛƴǳŜ ǘƻ ŜȄǇƭƻǊŜ ŀƴŘ ƛƳǇƭŜƳŜƴǘ ǘƘŜ ǘŜǎǘǎ ǿƛǘƘ ƻƴŜΩǎ ŎƭƛƴƛŎŀƭ ǊŜŀǎƻƴƛƴƎ ŀƴŘ 

ǇƻǎƛǘƛǾŜ ǇǊŀŎǘƛŎŀƭ ƻǳǘŎƻƳŜǎΦ L Ŏƻƴǎǘŀƴǘƭȅ ŀƴŀƭȅǎŜ ŀƴŘ ǊŜŦƭŜŎǘ ƻƴ Ƴȅ ƳŀƴŀƎŜƳŜƴǘ ƛƴ ƻǊŘŜǊ ǘƻ 

ƛƳǇǊƻǾŜ Ƴȅ ǇǊƻǘƻŎƻƭǎ ŀƴŘ ŘŜǎƛǊŜŘ ƻǳǘŎƻƳŜǎΦ 
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Slide 127 

 
 

There are many studies for these specific tests (Slide 127). However, the specificity of each test is 

questioned on an ongoing basis by researchers and clinicians and the dilemma of obtaining an 

exact diagnosis by the use of each tests remains complex. The section below will discuss each of 

these tests as they are currently being used in clinical practice. An understanding and the 

implications of each test and the general outcome regarding a possible diagnosis is required. 

Clinically, I have found them to be useful in providing a provisional diagnosis, while the 

functional tests provide insight into the movement pattern dysfunctions requiring correction. 

Radiological imaging and team discussion with other experienced clinicians also adds insight. 
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Slide 128 

 

 

A number of specific tests have been developed over the years, but from my experience I have 

found it most difficult to use any one as a definitive measure of the actual pathology involved 

(Slide 128). 

 

5e ii. Leg Length Deficiency (LLD) 

Leg length discrepancy (LLD) has been a controversial issue among researchers and clinicians for 

many years. True LLD and functional LLD i.e. the structural and functional LLD, need to be tested, 

as undertaken by Khamis and Carmeli, 2017, where they found a significant relationship 

between anatomic LLD and gait deviation. In clinical practice there are methods for measuring 

LLD. A fairly accurate method of testing utilizes a tape measure between various anatomical 

landmarks ς the anterior superior iliac spine and the lateral malleolus of the fibula (Woerman et 

al., 1984). Although this test is frequently undertaken, due to the structural and postural 

differences when analysing the tape measure reading, it has been shown that standing 

radiological imaging has the best outcome (Sabharwal et al., 2006). However, where imaging has 

a relatively high validity and reliability, these measurements are performed statically and might 

overlook the dynamic function of the subject. Other studies describing tests for LLD include 

Azizan al. (2018); Badii et al. (2014); Jamaluddin et al. (2011); Khamis et al. (2017); Sabharwal 

and Kumar (2008). 
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5e iii. OBER Test 

The Ober test and the modified Ober test evaluates tight, contracted tensor fasciae latae  

and the iliotibial band (Ferber et al., 2010; Gajdosik et al., 2003; Reese and Bandy, 2003).  

Slide 129 

 
 

 Although this test has been used by clinicians over the past years, a study by Willett et al. (2016) 

suggests that the Ober test assesses tightness of structures proximal to the hip joint, such as the 

Gluteus Medius and Gluteus Minimus muscles and the hip joint capsule, rather than the Iliotibial 

Band (Slide 129). 

5e iv. FABER Test 

Slide 130 
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A frequently used test for hip conditions is the Flexion, Abduction and External Rotation Test 

(FABER) or sometimes referred to as the Patrick Test (Slide 130). The FABER test is typically used 

as a provocation special test to detect hip, lumbar spine, or sacroiliac joint pathology, but has 

also been used as a measurement of combined hip range of motion. It is thought that limited 

range of motion with this measurement may be indicative of hip pathology. Positive FABER test 

was found in 19 healthy participants (Bagwell et al., 2016) and also in the study with fifty 

subjects referred for intra-articular hip injection under fluoroscopic guidance (Maslowski et al., 

2010). According to Thomas Byrd (2007) the FABER test has been described both for stressing 

the sacro-iliac joint and for isolating symptoms to the hip. One should take into cognisance that 

the interpretation of the FABER test can be difficult, as the position adopted tensions the hip 

joint capsule, as well as the Ilio Psoas tendon and the anterior sacroiliac ligaments (Atkins et al., 

2010). Trindade et al. (2018) demonstrated that the FABER distance test is correlated with the 

alpha angle and is a good diagnostic exam for pathological cam-type FAI as defined by alpha 

angle equal to or greater than 78°.  

 

5e v. FADIR Test 

Slide 131 

 

 

Slide 131 shows the Flexion Adduction Internal Rotation (FADIR) test which is a sensitive 

manoeuver that may elicit symptoms associated with subtle hip pathology. This test (also known 
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ŀǎ C!Lw ǘŜǎǘύ ƛǎ ƻŦǘŜƴ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ŀƴ άƛƳǇƛƴƎŜƳŜƴǘ ǘŜǎǘέ ŀƴŘ Ƴŀȅ ōŜ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƘƛǇ 

morphology as the combination motions of FADIR may cause an abutment between the femoral 

head and anterior acetabulum.  

 

Differences in the value of the FADIR test have been reported by Kuhlman and Domb, (2009) ς 

FADIR plus radiography, magnetic resonance arthrography (MRA), and injection of local 

anaesthetic into the hip joint to confirm the diagnosis and Byrd (2010) - virtually any irritable hip, 

regardless of the cause, will be uncomfortable with this manoeuvre. Thus, although the test is 

quite sensitive, it is not necessarily specific for impingement (Czuppon et al., 2016 ς male versus 

female differences in outcome). 

 

What is most important is to determine if this manoeuvre reproduces the current presenting 

symptom of the athlete and to compare both sides. A study of sub-elite football players with hip-

related groin pain and a positive FADIR test exhibited distinct biomechanical differences 

compared with the asymptomatic side (King et al., 2018).  

 

5e vi. C Sign 

Slide 132 

 

Patients with pain in the groin or hip often point to the area of pain by cupping the thumb and 

index finger in the shape of the letter C (Slide 132). This is usually an important indicator that 

there is a problem with the hip joint. Many studies incorporate the C sign into their battery of 
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tests although there is no evidence as to the specificity of this test (Byrd, 2010; Wilson and 

Furukawa, 2014). 

 
5e vii. LEG ROLL Test 

Although there are minimal studies to verify the leg roll test, it provides valuable insight clinically 

for hip pain. This has been hypothesised to be as the result of the log rolling moving only the 

femoral head in relation to the acetabulum and the surrounding capsule with no significant 

excursion or stress on myotendinous structures or nerves. It is important to note that absence of 

a positive log roll test does not preclude the hip as a source of symptoms, but its presence 

greatly raises the suspicion (Byrd, 2010). 

 

5e viii. Thomas Test 

Slide 133 

 
 

The Thomas test and Modified Thomas Test are used on most patients to assess tightness of hip 

flexion tightness, rectus femoris and abductors (particularly tensor fascia latae and Iliotibial 

band) (Slide 133). Tightness of these muscles are theorized to alter antagonist muscle function 

through reciprocal inhibition and synergistic dominance mechanisms which may result in altered 

movement patterns and increased risk of groin and hip injuries, as well as other lower extremity 

injuries (Mills et al., 2015). Vigotsky et al. (2016) indicated that the Modified Thomas test was 
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not a valid measure of hip extension unless pelvic tilt was controlled. Further, the potential 

effect of  warm-up on results is a valid consideration.  It is also important when performing the 

Thomas test to differentiate between soft tissue tightness and joint restriction. According to 

Beneck et al. (2018), clinical measurements of hip flexion exaggerated the range of motion in 

both sexes and the Modified Thomas test appeared to control for rotation of the pelvis during 

hip extension in men. However, in women, hip extension measurements were exaggerated. 

As the physiotherapist for the Super 14 Rugby team, I used the Thomas test on a daily basis on 

the forwards (and others) to identify significant muscle tightness. As a result, I was able to 

address these limitations using the Contract ς Relax PNF technique. It was speculated that 

possible injuries due to these tight structures was decreased. Once again, I should have 

consulted research personnel to show this very positive outcome. The pity is that clinicians in the 

sports field are mostly too busy to interact with research people. If I had to re-visit my 

professional career, this is one of the changes I would make and definitely be more interactive 

with research personnel. 

 

5e ix. Adductor Squeeze Tests (AST) / Adductor Tests 

In 1999 Per Holmich stated that a major cause of long-standing problems in the groin was 

adductor-related groin pain. Decreased hip adductor strength is a known risk factor for groin 

injury in footballers (Crow et al., 2010, Engebretsen et al., 2010). As a sports clinician, the 

benefits of specific strengthening exercises of the adductor muscles has been accepted. This was 

proven to be the case with the Super 14 rugby team, the Premier League footballers and other 

sports, especially where kicking and changing direction is the norm, as I have shown in Chapter 3 

on Anatomy.  
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Slide 134 

 
 

LSGP: Long Standing Groin Pain; HAGOS: The Copenhagen Hip and Groin Outcome Score. 

 

Over these past years the value of strong adductors has been recognised and thus the Adductor 

Squeeze Test is used in most elite sport, including Premier League and many studies have been 

undertaken to show the validity of this test (Slide 134). The Adductor Squeeze Test is used in 

elite sport to show baseline strength when pre-screening an athlete (Delahunt et al., 2016) and 

as an ongoing test during the season to document any decreases in strength which could 

potentially result in hip or groin injury (Roe et al., 2016). Crow et al. (2010) concluded that the 

squeeze scores were reduced by 10% one week preceding groin injury in elite Australian Football 

League players. As a result, it is reasonable to suggest that weekly monitoring of adductor 

strength within a squad could identify those at risk of breakdown and allow early modification of 

activity. Having questioned many Premier League doctors as to their reasoning for using the 

Adductor Squeeze Test in spite of the fact that it was not related to a specific adductor muscle, 

the common response was that it definitely gave them an indication as to the potential groin/hip 

injury when they identified weakness or possible overload compared to the baseline. The 

Adductor Squeeze Test may also be helpful to gauge return to play readiness. 
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Slide 135 

 

For the past years there has been debate as to which position is best for the Adductor Squeeze 

Test (Delahunt et al., 2011; Falvey et al., 2015; Light and Thorborg, 2016; Lovell et al., 2012). The 

consensus appears to be the crook lying position as demonstrated on Slide 135 which is used by 

most of the elite sports with which I am involved. 

 

Slide 136 

 

At the advanced team physician course (2016), Holmich demonstrated the Adductor Squeeze 

Test with the legs in extension (0 degrees), claiming that this was the best testing position (Slide 
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136). Currently, from my observation, the most commonly used tests are the 90 degrees and 

Holmich test in 0 degrees. However, to improve the specificity and post-test probability of 

diagnosis, the clinician may perform these tests with the combination of clinical (palpation) and 

radiological findings.  

 
The Adductor Squeeze Test Ƴŀȅ ŀƭǎƻ ǎŜǊǾŜ ŀǎ ŀ ǇǊŜƭƛƳƛƴŀǊȅ ǇǊƻŦƛƭŜ ƻŦ ΨƴƻǊƳŀƭΩ ǊŜǎǳƭǘǎ ƛƴ ŎŜǊǘŀƛƴ 

populations. However, an electromyography study does not allow for differentiation between 

the individual muscles of the adductor mass in the different testing positions. This would be 

useful in improving diagnostic accuracy of the clinical examination of groin pain. This research 

should also be repeated in various injury groups i.e. acute vs chronic. As stated previously, there 

will be different norms for different categories of athletes such as gender, different sports and 

specific position within the sport. Further research in this field is warranted before a definitive 

conclusion can be ascertained. 

 

Slide 137 

 

 

The Copenhagen five-second squeeze test is deemed to be a valid indicator of sports-related hip 

and groin function (Thorborg et al., 2016) and is currently very popular with most elite teams 

(Slide 137). In situations where football players report groin pain intensity of 6 or more on this 

test, a substantially impaired sports-related hip and groin function is indicated. It has been 
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likened tƻ ŀ άǘǊŀŦŦƛŎ ƭƛƎƘǘέ ƛƴ ǘƘŜ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ŦƻƻǘōŀƭƭŜǊǎ ǿƛǘƘ ƎǊƻƛƴ Ǉŀƛƴ ŀƴŘ ƛt is used in most 

elite sports. I find this to be an easy test to perform and appears to have a positive outcome in 

my management. It has also been suggested that this test may be a promising research tool for 

future research. This Copenhagen five-second squeeze test was further validated in the study of 

ice hockey players and by indicating yellow and red light situations, they hypothesised that 

players may benefit from load management and appropriate hip muscle strengthening strategies 

(Worner et al., 2019). 

 

Slide 138 

 
 

As discussed by Mosler and Serner (2014), the tests for adductors are mostly testing movement 

and not a specific muscle and this must be taken into consideration when performing the tests 

(Slide 138). 
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Slide 139 

 

In conclusion, as discussed on Slide 139, it is an accepted fact that adductor strength is a clinical 

indicator used in both injury prevention and rehabilitation, and should be monitored in the 

athlete. It is interesting that to date studies are still attempting to find the best test for adductor 

muscle strength, as there is still no clearly defined test.  

 

From my professional work including conferences I have attended over the past 10 years, it 

seems that the Adductor Squeeze Test in 45 degrees using a dynamometer and the Copenhagen 

five-second squeeze is performed by most of the Premier League Football clubs as a screening 

and a prevention strategy for groin and hip problems. This is often on a weekly basis and useful 

as a tool to monitor fatigue and potential groin and hip pathologies throughout the season.  
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Slide 140 

 

Interestingly, in April, 2019, I presented a Hip and Groin lecture at Crystal Palace Football Club 

and Bournemouth Football Club and they showed me a relatively new machine to assess 

adductor strength that these clubs which they are currently using with excellent effect, 

particularly as it is reliable and objective όhΩ.ǊƛŜƴ Ŝǘ ŀƭΦΣ нлмфύ (Slide 140). This may be most 

useful for a more objective approach to assess groin and hip injuries, as well as potential 

problems. 

 

5e x. The Copenhagen Hip and Groin Score (HAGOS) 

Slide 141 
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The Copenhagen Hip and Groin Score is a validated outcome measure (Slide 141). It is a six 

subset scale that asks questions about pain, stiffness, specific symptoms, limitations in certain 

physical movements and in activities of daily living and functional activities. It also highlights any 

restrictions in the level of participation and quality of life for the athlete. Studies that 

demonstrate the usefulness of The Copenhagen Hip and Groin Score protocol with good 

outcomes include Delahunt et al., 2016; ¢ƘƻƳŜŜ Ŝǘ ŀƭΦΣ нлмпΤ Thorborg et al., 2014, 2017 and 

2018. These valuable outcomes include the evaluation of patients undergoing hip arthroscopy 

and also lower Copenhagen Hip and Groin Score subscales were noted in soccer players who 

have experienced hip and/or groin pain in the previous season compared with those who have 

not. Further, this test can be used both for research and in the clinical setting at individual and 

group level. I have only used this protocol in these past few years and found it to be most 

effective. Hence sharing this with my colleagues is most meaningful. 

 

5e. xi Hand-Held Dynamometer - HHD 
 

Slide 142 
 

 

 
Slide 142 demonstrates the hand-held dynamometer which has been used by many clinicians 

over the past years. A few studies have demonstrated the validity of this test (Fulcher et al., 

http://www.koos.nu/HAGOSenglish.pdf
http://www.koos.nu/HAGOSenglish.pdf
http://www.koos.nu/HAGOSenglish.pdf
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2010; Hanna et al., 2010; Mosler et al., 2017; Stark et al., 2011; Thorborg et al., 2010; Thorborg 

et al., 2013; Wollin et al., 2017). These authors concluded that this procedure is perfectly suited 

for the evaluation and monitoring of athletes and would assist assessment and management of 

an athlete's return to play following injury. Although the hand-held dynamometer is a promising 

tool for obtaining reliable hip strength measurements in the clinical setting, inter-tester 

reliability has been questioned (Thorborg et al., 2013). This is especially so in situations where 

athletes exhibit differences in upper-extremity muscle strength i.e. male vs female. However, if 

one requires a more objective measurement, this tool is more objective and specific compared 

to the manual squeeze test.   

 

5e xii.  Endurance Plank Test; Ligamentum Teres Tests 

Slide 143 

 
 

The sport-specific endurance plank test has been shown to be a valid, reliable and practical 

method for assessing global core muscle endurance in athletes (Tong et al., 2014). The 

Ligamentum Teres Test was shown to be an effective way of assessing the presence of 

Ligamentum Teres tears with moderate to high inter-observer reliability. In addition to an 

Ligamentum Teres tear, the presence of a pincer lesion or labral tear requiring repair are also 

associated with a positive Ligamentum Teres Test result (OΩ 5ƻƴƴŜƭƭ Ŝǘ ŀƭΦΣ нлмп). I do not use the 

Ligamentus Teres test, as I personally cannot conclude that the Ligamentum Teres specifically is 
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the problem. However, the forward and side plank can be useful to observe strength of certain 

areas e.g. core muscles. These tests should be considered with a battery of other tests, as they 

are not specific (Slide 143). 

 

5e xiii. Palpation 

Slide 144 

 
 

At the Aspetar conference (2014), Serner discussed the importance of palpation in conjunction 

with other specific tests (Slide 144). This was agreed by Serner et al. (2016) and Professor 

Holmich at the IOC Advanced team physician Course (2016).  
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5e xiv.  Muscle Flexibility Tests 

Slide 145 

 

Muscle stretch tests were described at the Aspetar Groin Conference (Doha, Qatar, 2014). In 

particular, the adductor muscle stretch and the Thomas test (Slide 145). These two may be 

important in terms of prevention of injuries, as tightness of the Adductors and / or the Ilio-Psoas, 

Rectus Femoris or Abductors changes the biomechanics and thus may have an effect on 

potential groin or hip injuries. However, the clinician should be cautious regarding the different 

stretching tests and the timing of them, as the tightness may be dependent on pre or post 

activity. I personally test the flexibility of these muscles on an ongoing basis and integrate the 

specific test with functional tests such as wall running. Further, the tests that I undertake are 

timed at the same time  i.e. either pre or post training, or a certain time each day.  This appears 

to have a more valid outcome that can be managed accordingly. Further research is required to 

validate these practical findings. 
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5e xv.  Muscle Resistance Tests 

Slide 146 

 
 

At the same Conference (Doha, Qatar, 2014), Serner, when discussing the prediction of MRI 

injury location using clinical examination, discussed resistance tests evaluating muscle strength 

against manual resistance (Slide 146). From my professional point of view, these tests are most 

important as they subjectively give an ongoing indication of the strength of each specific muscle. 

However, so often the actual strength for specific movements related to the sport is not 

undertaken e.g. flexion, adduction and inner range of motion for the kicking motion which I test 

pre-season and throughout the season. This is critical to prevent injuries and for rehabilitation 

and for full functional return to play. 
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5e xvi. Proprioceptive Neuromuscular Facilitation (PNF) 

Slide 147 

 
 

As Slide 147 demonstrates, a specific PNF test to mimic a particular sports activity is of utmost 

relevance. As I have alluded to previously (Chapter 3), in my work with all different sports I have 

found that a PNF technique (flexion / adduction and external rotation) performed on the player 

in order to assess the strength of the adductor muscles is very reliable. There is little evidence 

with regards to the use of PNF as an assessment test. However, I have been using it for many 

years as a preventative, management and return to play strategy with different athletes. 

Amongst other outcomes, the inner range of the adductors in hip flexion in this PNF test was 

shown to be very weak in the majority of the Super 14 rugby players with whom I worked from 

2000 ς 2006. Currently (2019) presenting to football coaches in the community, I observe this 

same weakness in the kicking action position.  Thus, this neuromuscular pattern of movement 

appropriate for the specific function, requires attention, not only for stability and general 

strengthening of the adductor muscles, but specifically for the kicking action when required in 

specific sports. It shows that assessment in the functional range of the specific sport is essential 

to prevent injuries.  
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5f   Observations from Specialist Clinicians. 

 

I have found great value in listening to some of the top International Specialists in the field of 

groin and hips and analysing their impression of the specific value of certain tests.  

Slide 148 

 

 

Wright (2016) stated that a fairly typical picture emerged with recurrent or chronic groin pain. 

Apart from the decreased strength with the Adductor Squeeze Test, the footballers often lacked 

internal rotation of the hip, had poor lumbar extension control and predictable movement 

dysfunction of the hip. He hypothesised that the common denominator was a weak inner range 

of hip flexion (Slide 148). This information coming from a football club where studies are being 

undertaken on groin and hip injuries and a constructive preventative strategy is currently taking 

place, merits recognition. Subsequently, I have been assessing and implementing these nuances 

where possible and finding these observations to be most productive. I thus share this with my 

colleagues when giving presentations. 

 

At the Aspetar Conference (Doha, Qatar, 2014), Andreas Serner demonstrated clinical 

examination techniques in athletes and attempted to explain the correlation of these with MRI 

injury location.  This factor will be dealt with in more detail in the Radiographic section. Suffice 
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is to say that they felt that adductor tests were best (resisted outer range, squeeze test and 

passive adductor test), in that there was an eighty percent probability of a positive MRI.  

Slide 149 

 

An important systematic review to see which factors differentiate athletes with hip/groin pain 

from those without was undertaken by Mosler et al. (2015). The outcome showed that patient 

reported outcome, pain and reduced strength on the Adductor Squeeze Test, reduced range of 

motion in internal rotation and bent knee fall out are the outcome measures that best 

differentiate athletes with hip/groin pain from those without this pain. Once again this shows 

that with regard to specific tests, a battery of tests is imperative when managing hip and groin 

pain. This is advised to be done with relevant radiological imaging (Slide 149). 
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Slide 150 

 

 

Two good studies that provided a structure and overview of all tests were that of Loudon and 

Reiman (2014) and Reiman and Thorborg (2014) (Slide 150). This structured approach for 

examining groin and hip problems may be helpful. The strengths and limitations of each 

component of these approaches vary from athlete to athlete. Thus these systematic, cogent, hip 

examination and assessment approaches should always be individualized to each particular 

athlete and situation. Therefore, in spite of these good studies, perhaps the clinicians can devise 

their own examination strategies based on their experience, the evidence based medicine and 

clinical reasoning.  

When I give presentations or treat athletes, I always state that there is no set recipe, as not only 

are the athletes all individual, but the sport / position within the sports will have very different 

demands. I am continuously learning better testing techniques for specific pathologies. Above 

all, I have found that even without a definitive diagnosis for a groin or hip problem, functional 

testing and identifying maladaptation very often sorts out the initial groin pain. This is a key 

component to my approach of groin and hip problems. Further, specific hip tests are evolving for 

the better and a battery of specific tests in conjunction with certain functional tests, may add 
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value to the final diagnosis. However, I continuously communicate with my colleagues who are 

experienced in this field, attend hip and groin conferences, as well as research all studies and 

attempt these to see the practical outcome. I feel it best to not blindly accept all the new 

research, but analyse thoroughly and react accordingly. Once a certain protocol is implemented 

into practice and I observe effective outcome, I share this with my colleagues in order to enrich 

their knowledge (as mine has been done since undertaking this thesis) and subsequent 

management of the groin and hip area. 

 

5g. Caution 

Slide 151 

 
 

Many studies discuss hip and groin pain and relate it to decreased hip range of movement. As a 

physiotherapist dealing with groin and hip pain, one is taught to maintain full hip range of 

movement (Slide 151). 
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Slide 152 

 

 

However, a critical factor that needs to be taken into account by all clinicians when testing hip 

pain, is that one needs a baseline for all the different activities. The different sports and 

adaptations of the hip to the specific sport must be taken into consideration. This variation in hip 

range of motion amongst different activities / sports has been shown in a number of studies 

(Elite female ballet dancers - Duthon et al. (2013); Professional ballet dancers - Kolo et al., 2013; 

Tennis players and Baseball players - Ellenbecker, et al. (2007); Baseball Players - Li et al. (2015); 

Gymnasts - Papavasiliou et al. (2014) and Australia dancers - Chan et al. (2018). Further, gender 

dependent differences in hip range of motion and impingement testing has also been shown in a 

study by Czuppon et al. (2016). In my presentations, I have been highlighting the fact that there 

is adaptation of the hips to certain movements being performed repeatedly in specific sports 

such as baseball, gymnastics etc. Further, there are ethnic differences which require 

consideration (Mosler et al., 2016; Taylor et al., 2011) (Slide 152).   
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Slide 153 
 

 

 

More studies are required showing normal values for hip strength and range of motion in 

different sports and thus giving basic guidelines for future reference for clinicians working in this 

field (Slide 153). Mosler et al. (2016), showed normal values for hip strength and range of motion 

that may be used as reference profiles in the clinical assessment, screening, and management of 

professional football players. They stated that leg dominance, recent past injury history and 

ethnicity do not need to be accounted for when using these profiles for comparison purposes. 

Thus normative data in different sports (and positions) would be most valuable for the 

management and particularly, the prevention of hip and groin injuries (Mosler et al., 2017).  
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5h. Solution - Functional and Specific Tests 

Slide 154 

 

Slide 155 
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Based on the Doha Agreement (2014) and the clinically based taxonomy to categorise 

anatomical areas, a useful overview for testing different pathologies as shown on Slides 154 and 

155, has been adopted by many clinicians (Van Linschoten, 2014).  My belief is that the way 

forward is to endeavour to explore this testing regime which is more structured than previously.  

However, I would not make this the absolute criteria for testing athletes, as I still believe in the 

value of functional testing in conjunction with these tests. 

There are many functional and specific tests that are pertinent for prevention and management 

strategies for the groin and hip region. The specific tests can be useful but mostly lack specificity, 

whilst the functional tests demonstrate functional limitations which need to be addressed in 

treatment and may not provide a structural diagnosis. What is important, is to do a battery of 

most of the tests at all times and analyse the outcome of all tests which may give clearer insight 

to a diagnosis. As I stated previously, I think as clinicians, we should focus less on a specific 

diagnosis in complex hip and groin pain. It is very important to do the tests, noting all the mal-

adaptations and biomechanical nuances in order to improve the treatment outcome. 

 

Conclusion: Functional and Specific Tests 

¢ƘŜ ǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ ƳǳƭǘƛǇƭŜ ŎƻƴŎǳǊǊŜƴǘ ǇŀǘƘƻƭƻƎƛŜǎ ŀƴŘ ƭŀŎƪ ƻŦ ǎŜƴǎƛǘƛǾƛǘȅ ƻŦ ƛƴŘƛǾƛŘǳŀƭ ǇƘȅǎƛŎŀƭ 

ŘƛŀƎƴƻǎǘƛŎ ǘŜǎǘǎ Ƙŀǎ ōŜŜƴ ŘŜǎŎǊƛōŜŘ ƛƴ ŀ ƴǳƳōŜǊ ƻŦ ǘƘŜ ǎǘǳŘƛŜǎΣ ŀǎ ǎƘƻǿƴ ŀōƻǾŜ ƛƴ ǘƘƛǎ ŎƘŀǇǘŜǊΦ 

!ǎ ƻǾŜǊŀƭƭ ǘƘŜǊŜ Ƙŀǎ ōŜŜƴ ƴƻ ǇǊƻƻŦ ƻŦ ƻƴŜ ǇŀǊǘƛŎǳƭŀǊ ŘŜŦƛƴƛǘƛǾŜ ǘŜǎǘ ŦƻǊ ŀ ǇŀǊǘƛŎǳƭŀǊ ŘƛŀƎƴƻǎƛǎΣ 

ŜȄŎŜƭƭŜƴǘ ƪƴƻǿƭŜŘƎŜ ƻŦ ŀƭƭ ǘƘŜ evidence based medicine ǊŜƭŀǘƛƴƎ ǘƻ ŦǳƴŎǘƛƻƴŀƭ ŀƴŘ ǎǇŜŎƛŦƛŎ ǘŜǎǘǎ 

ǊŜǉǳƛǊŜ ƻōǎŜǊǾŀǘƛƻƴ ƻƴ ŀƴ ƻƴƎƻƛƴƎ ōŀǎƛǎΦ ¢ƘŜ ŎƭƛƴƛŎƛŀƴ Ŏŀƴ ǘƘŜƴ ŎƻƳōƛƴŜ ǘƘŜǎŜ ǿƛǘƘ ŎƭƛƴƛŎŀƭ 

ǊŜŀǎƻƴƛƴƎ ŀƴŘ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘƭȅΣ ŎƻƭƭŀōƻǊŀǘŜ ǿƛǘƘ ǘƘŜ ǎǇŜŎƛŀƭƛǎǘǎ ŀƴŘ ƻǘƘŜǊ ŎƻƭƭŜŀƎǳŜǎ ƛƴ ǘƘƛǎ 

ŦƛŜƭŘΦ CǳǊǘƘŜǊΣ ŎƭƛƴƛŎŀƭ ŜȄǇŜǊƛŜƴŎŜ ƛǎ ƻŦ ƎǊŜŀǘ ǾŀƭǳŜΣ ŀǎ ƻǾŜǊ ǘƘŜ ȅŜŀǊǎ ŀƴŘ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ǎǇƻǊǘǎΣ L 

ƘŀǾŜ ƴƻǘŜŘ ŎƭƛƴƛŎƛŀƴǎ ǿƘƻ ǊŜŎƻƎƴƛǎŜ ǇŀǘǘŜǊƴǎ ŀƴŘ ŘŜǾƛǎŜ ǎǘǊŀǘŜƎƛŜǎ ŦƻǊ ƎǊƻƛƴ ŀƴŘ ƘƛǇ ǘŜǎǘǎ ǘƘŀǘ 

ƘŀǾŜ ōŜŜƴ ǎǳŎŎŜǎǎŦǳƭΦ  ¦ƴŦƻǊǘǳƴŀǘŜƭȅΣ ǘƘŜǎŜ άŀƴŜŎŘƻǘŀƭΣέ ǎǳōƧŜŎǘƛǾŜ ǘŜǎǘǎ όǎƻƳŜ ƻŦ ǿƘƛŎƘ L ƘŀǾŜ 

ǎǘǊǳŎǘǳǊŜŘ ƳȅǎŜƭŦύ ƘŀǾŜ ƴƻǘ ōŜŜƴ ǊŜǎŜŀǊŎƘŜŘ ŀƴŘ ǘƘǳǎ ƴƻǘ ǊŜǇƻǊǘŜŘ ŀƴŘ ŀŎƪƴƻǿƭŜŘƎŜŘΦ 

LŘŜƴǘƛŦȅƛƴƎ ŀƴŀǘƻƳƛŎŀƭ όŜǎǇŜŎƛŀƭƭȅ ŦǳƴŎǘƛƻƴŀƭ ŀƴŀǘƻƳƛŎŀƭύ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ƻŦ ǇŀƛƴΣ ŀǎ ƻǇǇƻǎŜŘ ǘƻ 

ǎǇŜŎƛŦƛŎ ƛƴƧǳǊŜŘ ǎǘǊǳŎǘǳǊŜǎ Ƴŀȅ ōŜ ǘƘŜ ŀƴǎǿŜǊ ǘƻ ŀ ƳƻǊŜ ǾŀƭǳŀōƭŜ ŀǇǇǊƻŀŎƘ ǘƻ ŀǎǎŜǎǎƳŜƴǘ ŦƻǊ 

ƎǊƻƛƴ ŀƴŘ ƘƛǇ ǇŀƛƴΦ ¢ƘǳǎΣ ŀƭǘƘƻǳƎƘ ǘƘƛǎ ƛǎ ŀ ŎƻƳǇƭŜȄ ŀǊŜŀΣ L ǎǳƎƎŜǎǘ ǘƘŀǘ ǘƘŜ ŎƭƛƴƛŎƛŀƴ ǘŀƪŜ ƴƻǘŜ ƻŦ 

ŀƭƭ ǘƘŜǎŜ ǘŜǎǘǎ ŀƴŘ ŘŜǾƛǎŜ ŀ ƳŀƴŀƎŜƳŜƴǘ ǎǘǊŀǘŜƎȅ ōŀǎŜŘ ƻƴ ŀ ōƛƻƳŜŎƘŀƴƛŎŀƭ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ǘƘŜ 

ŜƴǘƛǊŜ ƪƛƴŜǘƛŎ ŎƘŀƛƴΦ CǳǊǘƘŜǊΣ ǇǊŜǾŜƴǘƛƴƎ ǘƘŜǎŜ ǇŀǘƘƻƭƻƎƛŜǎ ŦǊƻƳ ƻŎŎǳǊǊƛƴƎ ƛƴ ǘƘŜ ŦƛǊǎǘ ǇƭŀŎŜ ƛǎ ǘƘŜ 
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ƛŘŜŀƭ ǎƻƭǳǘƛƻƴ ǿƛǘƘ ŀ ǘƘƻǊƻǳƎƘ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ŀƭƭ ǘƘŜǎŜ ǘŜǎǘǎ ŀƴŘ ŀƭǎƻ ƎƛǾƛƴƎ ŀƴ ŀǎǎŜǎǎƳŜƴǘ ƻŦ 

ŜŀŎƘ ƛƴŘƛǾƛŘǳŀƭ ŀǘƘƭŜǘŜ ǊŜƭŀǘŜŘ ǘƻ Ƙƛǎ κ ƘŜǊ ōƛƻƳŜŎƘŀƴƛŎǎ ŀƴŘ ǎǇƻǊǘΦ 
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Chapter 6: Radiological Imaging 

6a. Introduction 

Radiological imaging has continued to evolve over the past 10 years. The importance of relating 

the anatomical, clinical and imaging findings is fundamental in the assessment of an injured 

athlete.  

 

Slide 156 

 

There are many different imaging protocols which are undertaken to explore different 

pathologies and there is ongoing discussion between specialists and researchers regarding the 

practical value of radiological imaging in diagnosing groin and hip pathologies (Slide 156). 

Branci and Robinson (2014) stated that the interpretation of the existing radiological literature 

on long-standing groin pain in athletes remained a challenging task. Current evidence was based 

on relatively few studies of varying methodological quality. The studies were heterogeneous in 

terms of their design (included sports, ages and sexes of study participants) and only few of 

them document their clinical examination findings, thereby preventing an accurate classification 

of clinical entities and diagnoses affecting study participants. Moreover, the existing diagnostic 

terminology was confusing and characterised by a general lack of consensus regarding 

radiological definitions and diagnostic criteria. Thus radiological studies have suffered in terms of 
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the nomenclature and potential referrer clinical bias. Despite this, the main imaging findings that 

correlated best with current symptoms of Long-Standing Groin Pain appeared to be subjectively 

assessed moderate to marked oedema of the Pubic Bone Marrow and para-symphyseal soft 

tissues or partial disruption of the soft tissues involving the anterior joint capsular, adductor and 

ǊŜŎǘǳǎ ŀōŘƻƳƛƴƛǎ ǘŜƴŘƻƴǎ όΨŎƭŜŦǘΩύΦ ¢ƘŜȅ ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ ƳƻǊŜ ǎǘǳŘƛŜǎ ǿŜǊŜ ǊŜǉǳired to validate 

the presence and severity of such findings in symptomatic and asymptomatic soccer players. 

Further, future imaging studies require more structured and rigorous assessment of player 

examination and symptoms to determine if imaging can have a role in helping differentiate the 

many clinical entities described. This has subsequently been a work in progress over these past 

years and was somewhat improved by the Doha International Consensus Agreement (2014) 

whereby they claimed that the different anatomical entities may aid in more specifically targeted 

imaging.  

Although many studies have demonstrated the value of MRI over the past years (Armfield et al., 

2006; Khan et al., 2013; Mullens et al., 2012; Omar et al., 2008; Ozcakar and Utku, 2014;  Palisch 

et al., 2013; Reurick et al., 2012; Slavotinek et al., 2005; Sofka and Pavlov, 2001; Zoga et al., 

2008), various studies such as that by Branci et al. (2013) and Zoga et al. (2008) highlight the fact 

that although radiological findings seem to consistently appear, these are not necessarily 

connected to clinical signs. This is key to my approach in my professional practice. 

 

Slide 157 
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Different methods have been used to classify osteoarthritis of the hip (Terjesen and Gunderson, 

2012). The Tönnis classification has been widely accepted for grading hip arthritis and has been 

used over a number of years (Slide 157). However, Valera et al. (2016) concluded that the Tönnis 

classification was a poor method to assess early stages of hip osteoarthritis and the routine 

use in therapeutic decision-making for conservative hip surgery should be reconsidered. 

Currently, the discussion amongst practitioners involved with hip pain, is the importance of 

having a grading system for hip morphologies and the implications of development of Femora-

Acetabular Impingement Syndrome (FAIS) and possibly OA. 

Table 7: Radiological Interventions 

Author Imaging Outcome 

Register et al.  
(2012). 

MRI MRI of asymptomatic participants revealed abnormalities in 73% of 
hips, with labral tears being identified in 69% of the joints. 
 

Jung et al. 
(2013). 
 

US and CTA Investigated the sensitivity, specificity, and accuracy of US as well as 
the CTA findings and arthroscopic findings for the diagnosis of antero-
superior acetabular tear and correlated tear types.  
The outcome was that sonographic examination as a diagnostic 
technique was of limited use, although CTA showed reliable validity 
in the diagnosis of acetabular labral tears. 
 

Reiman et al.  
(2014). 

MRI, CT and 
ultrasonography 

Acetabular labral tear was present in 22ς55% of individuals with hip 
or groin pain and can occur as a result of trauma or degeneration and 
are markedly associated with femoral acetabular morphological 
variations and may lead to biomechanical deficiencies. 
Thus imaging methods such as MRI, CT and ultrasonography have 
demonstrated reasonable accuracy, but not at a level that allows use 
as a stand-alone measure. 
 

Ho et al. 
(2016). 

MRI Obtained predictive value of 3-T MRI in diagnosing grade 3 and 4 
chondral lesions in the hip. They concluded that with a low positive 
predictive value, MRI may be most useful in ruling out cartilage 
lesions. Even though MRI showed increased sensitivity when 
identifying acetabular defects, once again the study does not 
differentiate between symptomatic and asymptomatic hips. 
 

Madani and 
Robinson, 
(2019). 

 

MRI Detailed clinical assessment is necessary but remains challenging 
because of the nonspecific presentations. Imaging, and in particular 
MRI, plays an essential role in the evaluation process. But only when 
the two are used in combination can an accurate diagnosis be 
reached because several studies in asymptomatic athletes show that 
reactive changes are common. 
 

 

CTA: Computed Tomography Arthrography; MRI: Magnetic Resonance Imaging; US: Ultrasound 
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A few Radiological interventions are discussed in Table 7 and demonstrate high abnormalities in 

over 50% of the footballers, which may or may not be symptomatic. In my experience with the 

Premier League Football, as well as many other elite sports, the value of ongoing research to see 

when the asymptomatic pathologies found on radiological imaging become symptomatic and the 

long term consequences of these findings would be most useful. With all the pre-signing and 

screening of Premier League football players, the incidence of asymptomatic acetabular labral 

tears and chondral lesions shown on imaging is very high. What the long term implications are 

and what management strategies should be undertaken with the players with these lesions, 

albeit asymptomatic, needs to be further explored. Importantly, the value of these findings 

ŘǳǊƛƴƎ ǎŎǊŜŜƴƛƴƎ ǿƛǘƘ ǊŜƎŀǊŘǎ ǘƻ ŀ ǇƭŀȅŜǊΩǎ ŦǳǘǳǊŜ ŎŀǊŜŜǊ requires careful consideration. I believe 

that undertaking a strengthening protocol for all the footballers, and particularly those with any 

abnormalities within the hip, is a pre-requisite for all management and particularly the 

prevention of asymptomatic morphological changes becoming symptomatic.  

Slide 158 

 

A presentation at the Aspetar Conference (Doha, Qatar, 2014), was given by Serner who broke 

down the different anatomical areas and explained the relevance of imaging in diagnosis (Slide 

158). One quarter of all diagnosed injuries were negative on imaging. False negatives and false 

positives are areas of concern and need to be analysed for management and not assume that 
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the negative imaging means that there is no problem in that particular structure, which I have 

seen to be the case occasionally in sports practice. Thus imaging should be undertaken in 

conjunction with sound clinical examination (including relevant tests and palpation), and should 

include past and present history.  

6b. Radiological Implications on the Hip joint in different Sports 

Various sports have different loads on the hip joint which may become pathological and are 

frequently identified on radiological imaging. 

 

Slide 159 

 
 

One needs to take cognisance of the different sports and the effect on the bony morphology of 

the hip joint (Slide 159). From my work with many different sports and recreational activities, I 

have found that the two most challenging sports / performing arts on the groin and hip region 

are gymnastics and ballet.  

 

Table 8 - Different Sports and Implications on the Hip Joint 

Sport Author Outcome 

1.  Gymnastics   Papavasiliou et 
al. (2014) 

Elite gymnasts share four common morphological characteristics on MRI that 
deviate from normal and are considered to be the result of adaptational 
changes relevant to the specific sport 

2. Ballet Duthon et al. Repetitive extreme movements can cause femoral head subluxations and 

http://www.ncbi.nlm.nih.gov/pubmed?term=Papavasiliou%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24756337


195 
 

(2013) femoro-acetabular abutments in female ballet dancers with normal hip 
morphological features. Pathologic changes seen on MRI were symptomatic in 
less than two thirds of the dancers 

2. Ballet Harris et al. 
(2016). 

In a professional ballet company, a high prevalence of radiographic 
abnormalities was found, including cam and pincer deformity and dysplasia. 
The results also revealed several sex-related differences of these abnormalities 
in this population e.g. greater prevalence of CAM morphology in male (48% 
and 57% subjects) versus female dancers (8% hips and 12% subjects). 

3. Soccer Gerhardt et al. 
(2012). 

The prevalence of radiographic hip abnormalities in elite soccer athletes is 
common, particularly in young male athletes. 
 

3. Soccer Branci et al. 
(2015). 

Up to 71% of male asymptomatic soccer players displayed different positive 
MRI findings and asymptomatic soccer players had significantly increased risk 
for BMO, adductor tendinopathy and degenerative changes than non-
soccer players. Moreover, positive MRI findings were significantly more 
frequent in soccer players compared with non-soccer players irrespective of 
symptoms, suggesting that these MRI changes may be associated 
with soccer play itself rather than clinical symptoms. 
 

4. National 

Football League  

 

Domb et al.  
(2014). 

This study demonstrated a high incidence of intra-articular pathologic lesions 
in a younger, retired National Football League player cohort evaluated for 
persistent hip pain with the use of MRI. The majority of players had bilateral 
hip pain. The most common finding was chondral lesions, followed by labral 
tears. However, because of improved imaging and increased knowledge, 
physicians are attributing unexplained hip pain to intra-articular lesions with 
increasing frequency.  Once again, the dilemma remains as to the cause and 
effect of these identified lesions picked up on radiological examination. 
 

5. Hockey Silvis et al.  
(2011). 

In the study of asymptomatic collegiate and professional hockey players, the 
MRI findings of common adductorςabdominal rectus dysfunction were 
observed in 14 of 39 participants (36%) and hip pathologic changes in 25 of 39 
(64%).  Overall, 30 of 39 (77%) asymptomatic hockey players demonstrated 
MRI findings of hip or groin pathologic abnormalities. 
 

5. Hockey Gallo et al. 
(2014). 

Identified the common occurrence of asymptomatic hip and groin pathology 
shown on MRI in professional hockey players. This pathology did not produce 
symptoms or result in missed games within 4 years in most players after the 
MRI. 
 

6. Rugby Farrell et al. 
(2016). 

In a study related to elite academy rugby union players, it was shown that 
there was 95% prevalence of abnormality on hip MRI. The percentage 
reporting symptoms was lower than 65% of the cohort although this was 
significantly higher than (non-rugby) matched controls at 15% of participants. 
Rugby players demonstrated significantly reduced range of motion of the hip 
compared to controls. 
 

Rugby and 

Ballet 

Blankenstein 
et al. (2020). 

Investigated hip MRI findings in asymptomatic professional male rugby 
players and male ballet dancers compared to age-matched controls. Despite 
the difference in type of activity between groups, there were equally high 
rates of labral tears and acetabular cartilage loss, questioning the role that 
sport plays in the development of these findings and their relationship to 
symptoms. 
 

 

MRI: Magnetic Resonance Imaging; BMO: Bone Marrow Oedema. 
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As the Table 8 clearly demonstrates, given the high prevalence of MRI findings in asymptomatic 

athletes, it is necessary to cautiously interpret the significance of these findings in association 

with clinical presentation. As stated in the table, the fact that there is a prevalence of 

radiographic hip abnormalities in young male athletes needs to be addressed due to the 

possibilities of leading to further pathologies around the hip (Gerhardt et al., 2012). Gerhardt et 

al. (2012) also emphasized that a clearer definition of the pathogenetics, pathomechanics and 

the natural history of these injuries would add to the knowledge base to eventually culminate in 

the creation of an optimal screening and prevention program for the protection of athletes of all 

ages across a multitude of sports. However, the challenge remains as to the imaging of this 

morphology and the relevance of the consequential symptomatic pathology and thus the 

management thereof. 

6c. Pertinent Radiological findings in the Hip and Groin 

6c. i.  Pubic Bone Stress   

Table 9 - Pubic Bone Stress   

Author Imaging Outcome 
Major, (2000). CT, MRI, or 

technetium 
bone 
scintigraphy 

Athletes who complain of pubic symphysis pain, sciatica, groin 
pain, or a combination of these often require not only 
conventional radiography but additional imaging using CT, MRI, 
or technetium bone scintigraphy to identify associated 
pathology. 
Associated pathology can occur due to abnormal stresses 
across the pelvic ring that can lead to a secondary abnormality 
in the pelvic ring. However, associated abnormalities in the 
sacroiliac or sacrum are not always seen on conventional 
radiography 
 

Lovell et al. (2006). MRI Substantial amounts of BMO at the pubic symphysis can occur 
in asymptomatic elite junior soccer players, but it is only weakly 
related to the development of osteitis pubis.  
 

Paajanen et al. (2011). MRI Attempted to develop a grading system to demonstrate the 
effects of heavy training in contact sports on MRI findings in 
the pubic region. Their grading of the BMO was not necessarily 
related to the development of clinical Osteitis Pubis. It was 
described as pubic bone stress injury occurring usually as a 
result of chronic overuse injury.  
 

Brandon et al. (2011). Ultrasound Ultrasound can image tendinopathies and with its dynamic 
capabilities can show true hernia formation at multiple sites in 
the groin 

Branco et al. (2015). MRI Professional soccer players are at a higher risk of developing 
changes in the pubic region, shown on MRI, compared with 
sedentary individuals. These findings are not necessarily caused 
by groin pain, and are probably related to intense exertion. 
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Robinson et al. 
(2015). 

MRI and US Pubic bone marrow and parasymphyseal findings (cleft, 
capsule/tendon oedema) on MRI or inguinal canal ballooning on 
ultrasound were frequently found in asymptomatic athletes 
and did not predict injury or symptom development 

Todeschini et al. 
(2019). 

US and MRI The evaluation of athletic pubalgia should be performed with 
radiography, US, and MRI. High BMI, muscle injuries and 
ƻǎǘŜƻǇƘȅǘŜǎ ŀǊŜ ŬƴŘƛƴƎǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǇǳōŀƭƎƛŀ. 
US has low sensitivity to detect injuries of the common 
aponeurosis of the rectus abdominis/adductor longus muscles. 

BMO: Bone Marrow Oedema; US: Ultrasound CT: Computerized Tomography;  

BMI: Body Mass Index 

 

As has been discussed in Chapter 3 - Anatomy, the Pubic Symphysis plays a vital role in anchoring 

the anterior abdominal wall, the inguinal region and the adductor group. The pelvic region thus 

functions as a transition zone between the upper extremities and the lower extremities. High risk 

activities such as soccer, ice-hockey and hockey require appropriate biomechanical functioning 

of all these areas. Musculoskeletal ultrasound and MRI evaluation of groin and anterior pelvis 

may illustrate shared structural ties and potential patterns of injury and groin pain (Table 9).  

Cognisance of the fact that associated pathology can occur due to abnormal stresses across the 

pelvic ring which may can lead to a secondary abnormality in the pelvic ring is required. 

However, associated abnormalities in the sacroiliac or sacrum are not always seen on 

conventional radiography. Recognition of the association of stress injury of the symphysis with 

back pain is most important so that inappropriate studies and diagnostic confusion can be 

avoided (Major, 2000). This factor is often not taken into account and recently at a Premier 

League football club, a player with ongoing groin pain had this issue resolved with radiological 

intervention and consequential specific injections into his sacro-iliac joint. Thus the radiological 

imaging should include adjacent structures where appropriate. 
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Slide 160 

 

Cunningham et al. (2007) observed that in soccer players with άpubalgiaΣέ adductor dysfunction 

(adductor microtear) is a more frequent MRI finding than Osteitis Pubis as shown on Slide 160. 

This important finding may suggest that both entities are mechanically related and that Osteitis 

Pubis and adductor dysfunction frequently coexist and thus adductor dysfunction most likely 

precedes the development of Osteitis Pubis in soccer players. They surmised that the presence 

of oedema on fat-suppressed images of the symphysis may be a strong predictor of abnormality 

at this site in soccer players when compared with age- and sex-matched control subjects.  

Up until 2015 there were no standardised MRI evaluation protocol for athletes who presented 

with symptoms that may relate to the pubic symphysis, the pubic bones, and 

the adductor muscle insertions. Branci et al. (2015) presented the Copenhagen Standardized MRI 

protocol which demonstrated moderate-to-substantial reliability in rating bone marrow oedema 

and varied from fair-to-substantial agreement for the majority of MRI features, but showed only 

slight agreement in rating adductor longus tendinopathy. This rigorous investigation also 

confirmed that while MRI evaluation seems to provide reasonable reliability in rating pubic bone 

marrow oedema, the evaluation of adductor tendinopathy in a clinical and research setting 

needs further resolution by continued development and testing of MRI acquisition protocols. 
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Within my professional career, I always take note of excessive pubic bone overload (and interact 

with the Radiologist, Specialist and te Coach) and then make a decision regarding off-loading the 

joint related to an indƛǾƛŘǳŀƭΩǎ ǎǇƻǊǘ ŀƴŘ ǘǊŀƛƴƛƴƎΦ 

Summary - Pubis Bone Stress  

Thus pubic bone stress is a natural phenomenon related to overload in sports and the complexity 

is relating it to the pathological consequence. Currently (2019), there is still no conclusion as to 

ǎƻƳŜ ŦƻǊƳ ƻŦ άǘƛƳŜ ƭƛƴŜέ ƻŦ ǘƘŜ ǊŀŘƛƻƭƻƎƛŎŀƭ ƛƳŀƎƛƴƎ ǘƘŀǘ ŘŜƳƻƴǎǘǊŀǘŜǎ ǿƘŜƴ ŀƴ ŀǎȅƳǇǘƻƳŀǘƛŎ 

pathology shown on imaging becomes symptomatic. Thus, as has been stated, in consultation 

with a radiologist, the specialist and where possible, the coach, I would off-load the joint, 

particularly with young children. This is not an easy decision, as one does not know how much 

pubic bone oedema is too much, particularly if it is asymptomatic. Further, the coach will not be 

compliant at all times with this decision making. I continue to relate to the specialists and 

radiologists to keep up to date with any possible time line of asymptomatic bone marrow 

oedema becoming symptomatic that may be developed. 

 

6c. ii.   Femoro-Acetabular Impingement ς FAI /FAIS 

Regarding Femoro-Acetabular Impingement (FAI), it should be noted that all studies show the 

original wording of FAI up until the Warwick Agreement (2016), whether the hip changes were 

symptomatic or asymptomatic. In this thesis I have thus utilised this nomenclature ς FAI, as 

shown in the actual study, until the Warwick Agreement (2016) which clarified FAI as a 

morphological change, as opposed to Femoro-Acetabular Impingement Syndrome (FAIS), which 

is when the hip morphological changes become symptomatic due to the impingement. Thus, 

going forward, the term FAIS should be used only when there is an association with symptoms 

and this definitely gives more clarity to the diagnosis. As so many athletes have Cam and Pincer 

morphology depicted on radiological imaging, this observation should be combined with clinical 

tests to depict any symptoms and reach a valid diagnosis. 

 

Recently, Zhou et al. (2020) showed the overall prevalence of radiographic findings consistent 

with FAI in young patients presenting with hip pain was 60.5% and findings for mixed-type FAI 

were the most prevalent. The connection between FAI and Long Standing Adductor-Related 

Groin Pain was discussed by Weir et al. (2011). They showed that radiological signs of FAI were 

frequently observed in patients presenting with Long Standing Adductor-Related Groin Pain. 
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However, they stress the fact that clinicians should be aware of the possible lack of correlation 

when assessing athletes with groin pain. Economopoulos et al. (2014) hypothesised that athletes 

with underlying FAI may be more prone to develop chronic groin pain and athletic pubalgia. They 

predicted that preoperative signs of impingement were a predictor for poor outcome after 

surgical repair of athletic pubalgia and that FAI may be a cause of continued groin pain after 

surgery for athletic pubalgia. Thus they stated patients with athletic pubalgia should be 

evaluated closely for the presence of FAI as this may be a factor to take into consideration when 

ƳŀƴŀƎƛƴƎ C!L ŀƴŘ ǇƻǎǎƛōƭŜ ǎǳǊƎŜǊȅΦ IƻǿŜǾŜǊΣ ǘƘŜǊŜ ƛǎ ƴƻ ŎƭŜŀǊ ŘŜŦƛƴƛǘƛƻƴ ŀǎ ǘƻ ǿƘŀǘ άathletic 

pubalgiaέ ŜƴǘŀƛƭǎΦ 

In their systematic review, Wright et al. (2015) discussed the radiological variables associated 

with progression of FAI of the hip. Of great concern is its potential association with labral tears 

and OA. Their outcome showed that there is moderate evidence that increased alpha angle at 

baseline is associated with progression of FAI to labral tear. Moderate evidence suggested a lack 

of association between other radiographic variables and progression of FAI. Thus once again, 

there appears to be no definitive outcome for the practical application of imaging and FAI.  

A few studies showed the correlation between hip morphological changes and hip variations e.g. 

ƘƛǇ ƛƴǘŜǊƴŀƭ Ǌƻǘŀǘƛƻƴ όYŀǇǊƻƴ Ŝǘ ŀƭΦΣ нлмнύ ŀƴŘ άIƛǇ ±ŀŎǳǳƳ {ƛƎƴέ όǎǳōƭǳȄŀǘƛƻƴ ƻŦ ǘƘŜ ŦŜƳƻǊŀƭ 

head due to a lever mechanism between the femoral neck and the acetabular rim) (Schroder et 

al., 2016). The possibility of the hip morphology and these findings being linked could be 

misinterpreted, as these two factors do not have a direct cause and effect. Thus the implications 

of these finding are at this stage unclear. 

6d. Further Radiological Studies and Implications 

Table 10 - Further Studies and Implications 

Author Outcome 

Davies et al. (2010). Knowledge of the pertinent anatomy is required for the interpretation of groin pain. 
Careful MRI is recommended as this would improve diagnostic capabilities and MRI is 
favoured over US as the initial imaging modality, as it more readily allows symphyseal 
abnormalities to be identified. They developed a summary algorithm for the investigation 
and treatment of groin pain. 
 

Godinho, (2012) Labral tissue cannot be seen on conventional radiographs yet this remains the basis of all 
hip imaging, usually comprising AP pelvis and cross-table lateral projections. 
Lumbosacral, SIJ and trochanteric regions should be evaluated to exclude spondylotic 
changes, sacro-iliitis, trochanteric bursitis, ischio-femoral impingement and gluteal 
enthesopathy, all of which may mimic or refer hip symptoms. Conventional MRI is best 




