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Foreword

The initiationof this thesis idbased on my 13 yes work withPremier League Football as a

Medical Advisor to Insurers for all the Football Cl(dosd other elite sports)Groin and hip pain
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requested that | 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
gStt |a aodzZ SO LAY @sts. SthdeBugntiywlgave nfainyJphegentationg v I
based on my newfound knowledge which ultimately led to the request that | undertake this

Professional PhD.

Not only has this time with the thesis been a fascinating journey whereby | 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 tdemgiven me a very practical
approach to the complexity of the groin and hip problem. Thus | believe that combining thes
elements i.e. evidencbased nedicine, knowledge from Conferences and my practical

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

| am passionate about sharing my newfound knowledge with all my colleagues, including
Orthopaedic Surgeons, Pegtaduate Sports Doctors and Physiotherapists, Biokineticians and all
medical personnel managing sports jgaits, 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 | can make to my profession and to the field of sports medicine.

My prdessional journeyn the sporting arena has been very fulfilliagd the increasing learning
and ongoing knowledge of elcsport and each posion therein, has beerhallenging 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.

| 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 Prestations / Workshopso all my colleagues includir@rthopaedic
SurgeonsPhysicians, Hip Surgeons, Sports Physicians, SEMS Masters doctors, Masters
Physio students, Physidgiokineticists Nursing and Occupational Therapists. Also to

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

The most presentedapic and a strong passion of mine is thatifedico-Legal Ethical

issues irElite sports, which | have been giving for the past 20 years (with growing



perception of the underated complexities involved). Since undergoing this thesps H

and Groin havebeen equally important to share with many people.

The presentations have varigilom coaches in informal settlements in Cape Tewn
Langa2017, 2018, 2019 Khayalitshg2017, 2018, 2019) to Premier League Football
Clubs- Chelsea Football CluBq08); Reading Football Club (2008)anchester City
Fooball Club2014); Arsenal Football CIHWSEMS MSboctors and Physid2015, 2016
Nottingham Forest Football CI(B015); Blackburn Rovers Football Cl@®17) Crystal
Palace Football CluB@19 andBournemouth Football Cluf2019).

| have presented mamgifferent topics around the worlavhich includeéWorld Cup Rugby
Medical Congress South Africg1995); Wold Cup Cricket Medical Semin&quth Africa
(2003) British Sports Conference, London (200land Sports Phys{@008, 2012,

2015) BIMMS Doctors and Osteopaths, England (206&&yores Clinic, London (2013)
Perform,Spire Hospitat, Midlands, England (2015, 2016%aracens Rugby Club, England
(2012, 2014); Montpellier Rugby Club, Frar@06); SW Districts Rugby, England (2008);
Wales Rugby Clubs (201&hana Football Association, Accra, Ghana (20NE)
Symposium Sports Injuries and Exercise Medicine, England @@d &elsokinetic
Conference, England and Italy (2013, 2014, 200%6, 2017, 2018)

Further, n 2017 | was invited to bgart of a workshop on Innovative/Biological Therapies

in Elite Sport, London.

| particularlyenjoy sharing with young clinicians e.g. Leeds Univer8ibysiotherapists

(2008); Huddersfield Univetgi- 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); Univeity of East London (2015, 2018)Universities in North India

(2012, 2017); Irish Sports Physio association (2@%hopaedic Manipulative

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

| have given further preseationsto specificgroups e.gSky Pro cyclistsLondon (2011);
Cricket coaches SA (including National and Academy cricket coachesP(D#)$outh



African Sports Physiotherapy @Qass- Keynote SpeakdR015); Adaptive Surfing South
Africa Seminar (20163A Sports Medicine Cgress (2012, 2013, 2017, 201Sputh
African Society for Hip Arthrospy (SASHA) Conference. (208A;International
Tendinofathy Conference (2010%ports InteresGroup (SA)2017, 2018, 20198 ports
Physiotherapy (2017Medicine Africa Cycling Congress (208pprts Physicians (SEMS)
Sports Science Institute of SA (SSISA) (2017, ZHladReticians at SSISA (2018, 2019)
andCape Rugby Medical Congress (2018)

| have ale presented toCorporates ad Business College e@lBBusiness College
Eskom; Corporate ConnnectgridentialLuasa andRotaryc South Africa andluffield

Health London England (2015).

There have been many requests for presentation@oatomicalstrucures (including
specificallyhips and groilp as well as medical conditionsy Insurersand lawyersn

London e.gClyde and Cq2011);Lloyds of London (2015, 2017), QBE (2009, 2010, 2014,
2016, 2017), Bluefin (2016), Brit Insurance (2012, 2P2%5), XL Catlin (201é&nhd HCC
(2012, 2016, 2018).

The presentations and workshops groin and hipslave made this thesis very

meaningful for me. Due to my work all the different sports adlifferent levels i.e. from
grassroots to elite sport, | amelN aware that there has been a dearth of knowledge
regarding groin antlip managementTo investigate all the knowledge and complexities

of groin and hips anthus be able to share with relevant people, has been most
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place. With a plethora of research (which is constantly evolving) and ongoing discussions
with the experts in this field, | believe that | have imparted knowledge to the people
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implementing structures to prevent the injuries where possible.
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Groin and Hip Complexities: Rrevention viable?

Abstract

Groin and Hip pain is a wetcognised complaint among active young and mieitied active
adults.The groin, an anatomical region where diagnosis and symptoms are often confusing, may
Ffa2 NBLINBaSyd || linicighNydisRdpeatiidbriicgs Dt sdppositions Mid O
assumptions. Traditionally, there has been little International consensus regarding terminology,
definitions and classification of groin pain in athletes. Consequently, there is minimal
understanding bdiagnosis, pathophysiology, investigation or management, although during the
past decade the field has evolved and an evidelpased understanding is now emerging.

As the diagnosis is multifactoriane of the key points is to understand the entire amay and

most importantly, the functional anatomyroin and hip physical testing of impairments,

function, and performance have been documentétbwever, many of the studies are of poor
guality and theresults of research difficult to interpret anchplement into practiceThe

prevalence of Radiographic groin and hip abnormalities is considerable and requires
identification of the relationship between these radiographic abnormalities and the clinically
symptomatic pathologiesThere is no consensusgarding the optimum conservative
management or for the ideal operating technique. Further research is required in relation to
nonsugical and surgicahanagement and the timing of these management approaches.

The methods used in this thesis consistsi@iwing uponpersonal professional experience,
attending National and International conferences, interactions at these conferearmes

evaluating various evidence sourc&sanslating and applying this ongoing knowledge into
meaningful prevention and rehdhation protocols has been practically undertaken and
subsequently presented in the thesis. In spite of minimal eviddrased medicine and general

lack of consensus, it seems the most pertinent point is that many of the groin/hip pathologies
may be aveied by an understanding of all the complexities involved.

By explorinaall the knowledge(scientific and practicab)f hip and groin pathologies,

prevention strategy in the first placgeems plausible, with specificgghabilitation, bearing in

mind the entire kinetic chain and taking into account the neunootor control thereof.

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

prevention strategy.



Thesisc &Groin and Hip Complexitieds Inury Prevention viable®

Introduction to the Thesis

As a sports physiotherapigir the past 29ears and workig in all different sporting ass, |

have had the opportunity to observe the complexities of different injuries which may be related
to oneparticular 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 7days a week with the Super 14 rugby team, it was an opportunignedyse all specific
movements and resultant possible injuri€aubsequently, | have beerovking with 20Premier
League 6otball clubsfor the past 13 years which ledwards undertaking the Doctorate on

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

that this is most definitely preventable.

Groin injury is the fourth most prevalent injury in fiddésed sports that include agility such as

football (Ryan et al., 2014 and/erner et al., 2009)t is the most frequeny reported overuse

injury and the adductors are the second most injured muscles after hamstring injury in male
professional football player@Verner et al., 2009)'he groin injury burden is substantiak the

incidence and riskfachronicity and recurrence is high and leads to reduced performance; time

f2ad yR YI& OlFdzaS G4KS SyR 2F Iy |0GKfSGdSQa OF N

The intricacies ofjyroin and hip pathologies in sports is currently of international concern
promptingtop specialist@and researhers toengage in anattempt to obtain an International

consensugGriffin et al., 2016 andange et al., 2015)

The systemic approach undertaken in this thesis, addresses the complexities of the groin and hip
pathologies and includedfterent evidence sources such as personal professional experience,
attending National and International conferences, and peafiewed evidence. This, together

with the expert advice | continuously sought and received from a range of experts, assisted me
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 mgnagement of groin and hip

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

anecdotal, | definitely observed a positive outcome with my patients with groin /hip problems. |



have also used this newfound knowledge taih sportsmen and women to strengthen the
pelvis/groin/hip area very specific to the functionality of the sport as a prevention strategy. |

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

| have given many presentatioms UK, India and South Africa and this ultimately led towards the
structure of this Doctoral thesighe 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
surgeonsSince 2016, | have also been giving presentations to Coaches mostly in disadvantaged
communities in South Africa. For these coaches (or managers or athldvesigve it is also
AYLRZNIGFYG G2 OKIFy3aS GKS LISNOSLIIA2Y 2F GAyedz2NE
enhancement” when discussing this important topic. This has always been the title of my
talks/workshops related directly to prevention of injes and certainly has the attention and

compliance of theeoachesas they are particularly interested in performance rather than a

preventative strategy.

In this thesis, elevant slides have been chosen from these presentations and although there are
many slides in this thesis, when presenting, | use specific slides relevant to the attendees

present.

The presentations and this thesis are a combination of clinical experienrking 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 workwigh Premier League Football, | compiled

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

prior handbooks on knegsThis consisted of 238 the latestInternationala &4 dzZRA Sa | Yy R @ 0 d;
LI2 Ay (&a¢é¢ ¥ Nafional specinisthile yréparig this handbook it became evident

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

groin pathologiesAs my interpretation is that many groin and hip injuries are preventalale |

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

colleagues.

This thesis aims to shatlve importance of greventative strategywhichis imperative in

redudngthe incidence ohip and groinnjuries There is limited evidence for eviderbased



prevention strategies or successful implementation of such progradims.thesis explores how

the design of an appropriate prevention strategy should be based around a sound appreciation
of the anatomy and fun@bnal anatomy of the groin and hip which in turn influences injury
aetiology.A further aspect of successful prevention is appropr&teeenng ofall playergo

identify anypossiblebiomechanical abnormalities or matlaptations and design the preventio
strategy accordingly. The successful implementation of this requires time, expentise

resources.

Further, he thesis aims to integratepinionsand practice®f practitioners andny ownpersonal
experience dealing with many elite sporssipportedwith scientific evidence. Clinical decisions
must also considegthics and individual needs and personalities of the athletes (Greenhalgh et
al., 2014). Marshall (2014) statélte need for a stronger commitment to embed academic
expertise with clinical car Further, current practice needs to inform future research studies to
ensure elevant, practicabutcomes. Delahunt et al. (2015) proposed a set of minimum reporting
standards based on best available evidence to be utilised in future research on groin pa
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
womenby providingpracticalguidelines for the assessment and management of groin
injuries. This after pursuing alavenues oknowledgeg research,2 Y F SNBy 0Sa s> { LISOA |
knowledge andny 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 mgement difficulties
encountered.

3. To assess whether an analysis of formal and informal knowledge can be applied to improve
and develop nogl injury prevention approaches andrisequentiallyshare my findings with



my medicalcolleaguego be useful practically in theports 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 egivingpresentations to coaches from recreatwirto
professional sport. Thimay give them an understanding for preventing groin amdihjuries
and | believe, thus enhancing performance.

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

The thesis is basezh the PowetPoint Presentations that | give on this topic and also critically
evaluate the plethora of information that goes into the development of each dfidgher, my
aim is to continue to give presentations and workshops which may inform and th@delevant

practitioners in reducing and managing groin and hip paiayention being the key component.

Slide 1

» Co-existence of multiple pathologies

» Lack of agreement of diagnostic criteria

» Non-specific nature of the signs and symptoms

» Lack of specific clinical tests

Branci ef al BISM 2013, Thorboeg and Holmich: BISM 2013 Holmich, BJISM Aug 2013
remains low: 3 systematic review on treatment of grodn pain in . BJSM 2018

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

main complexities includeo-existence of multiple pathologiekck of agreement of diagnostic
criteria, the nonspecific 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 challengedcbynplex

anatomyand multi-factorial aetiology.
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X

Groin pain caused time loss for one in five players each season.
Mosleretal,, 2018

e

The Bermuda Triangle of Sports Medicine

(Bezzini BJSM 2011)

ad 2010 Engebretsen et A, AJSM 201M0; Hanna et &, J Scikted Sport. 2010)
- Orchard, 1 W 20M6; Whittaker st al | 20M6; Griffin ot &, 215K 2006; Melor
. 2018 van KI§ et al, 2048; Eempet ol 2018 Weler ot al 2018 Saw et dl, 2MA

AT TAYA 6Hnmm0 RSAONAROSR GKS 3INBAY FNBIF & aick
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 Bermudaiangle. However, to dateggroin pain has been shown to

cause time loss for one in five playdrs/ Y Sy Q& LINE TeSgheedci?sgdsdiMosler 2 (1 o0 | f f
et al., 2018)Slide2).The objective of this thesis is that in spite of all the complexities, |
SYRSIF@2dzNJ 12 GNIyatldS Y& 26y |yR aLISOAFfAaGAC
and injury prevention strategiesnd 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 1introduction to Groin and Hip Quandaries

Groin and hip quandaries are due to the dilemma andfusion 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. Thesedtors are wd expressed in ongoingsearch(Beddows et al., 2020; Esteve

et al., 2019; Palsson et al., 2020a et al., 2020

Slide 3

Slide 3 demonstrates the specific demands on the groin and hips with high intensity activities
such as turning, kickingwisting, acceleration and deceleration involving both hip adduction and
abduction in a number of sporté&\yeni et al., 2014; Chang et al., 20B@gglund et al., 2009;

Stull et al., 2011Thorborg et al., 2013

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

Sport Incidence of Injury Author

Ice Hockey,| It has been reported that the incidence of FAI may have been urearted | Philippon et al., 2013
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 ho
players and 43% of all muscle in elite Finnish ice hockey players. Tyler et al., 2001.

aSyQa AOS KseconghighestKakte df hipnjukes, and they
account forl8.2% of all injuries iNationalcollegiate athletic association Mehta et al.. 2019
level ice hockey goaltenders. N '
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Gadic In a case series of over 200 athletes with groin pain, the most common c| Glasgow et al., 2011;
Football was hip pathology, followed byubic symphysis injury Nevin and Delahunt,
2014.
Rugby Groin injuries accountdr 2¢5% of all sports injuriegkstrand (1994), hQ/ 2yy2NE
league, however, stated that an injury rate afp to 28% had been repted for
footballers with groirpain
Tennis Anywhere between 8 and 27% of injuries are to the pelvis/hip/ groin in hi¢ Safran, M. 2014
level tennis players
American | Injuries to the hip account for approximatel®% of alinjuries in football. Feeley et al., 2008
Football
National Hip labral tears are the most frequently encountered irtirgicular hip injury | Epstein et al., 2013
Hockey in the NHL player and can lead to an average of 8-ganes missed per
League injury. Goaltenders were not at highask when measuring injues per
hours played but were aignificantly greater risk of an int@&ticular hip
injury thanother orrice playersvhen measured per game played.
Rugby Groin njuries account for 5% of alkportsinjuriesand are among the top | Ryan et al., 2014
Union six mostcommonly died injuries in Rugby UnioriTheprevalence of thee
injuries has increased sin@8@02andthey havemoved from 16th to 4th
place inmost commontraining injuries in the Ruglyootball Union annual
audit.
Football Groin injuries represent a considerable problem in Haroy etal., 2018
male football, accounting for%4g19% of all timeloss injurieét the elite
level, approximately one
in five male players incur a groin injusgusing time Thorborg, K. 2014.
loss each season
F Groin pain has been particularly reported in sports such as football and i
ootball . L . :
and Ice hgckey, where approximately 10 to 20% of all injuries are hip and/or groi
Hockey injuries.
Running | The incidencef hip injuries from running depends on many factors, but th Paluska, S. 2005
average recreational runner who trains steadily and races occasionally,
yearly injury incidence rate between 37% and 70%.
Hockey Injuries to the groin region are @mmon problem in field hockey, thia Beddows, T. 2020.
reported incidence rate of 112%

Further studies describing this high incidence in sport include Engstrom et al., 1991; Simonet et
al., 1995; Ekstrand and Hilding, 198&wkins and Fuller, 199@rchard 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 éhfact 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



that accounts foanything from2¢28% of all sports injurigglependingon a partcularstudyand

specific sporx

As | have been involved in most of these sports at school, club, provincial and national level, |
have been concerned by¢ lack of focus, research and educat@mmnthe groin and higrea 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 hagunately been taken into consideration

over recent years witlmy observation othe managemenbof hip and groirshowing slow

improvement, particularly withmore studies evolving, as demonstrated in reference section.

Groin and hip injuries are commam football with prevalence rates reporteéd be up to 19%

with the incidence rates bein@.2¢2.1 per 1000 playing hours for men (Wetcet al., 2015).

Recovery from groin injury has been shown to take at least 1 week in 40% of cases, and 10% take
morethan a month (Holmich, 2007). When groin pain lasts for more than 2 months, it is said to

be longstanding (Holmich, 200Danghout et al. (201&tated that each season, up to 19% of all
professional soccer players sustain a tiogs groin injury with aaverage time loss between 15

and 20 days and more than 28 days for recurrent groin inf0fynote is a systematic review
demonstrating that adductor or groin injury is particularly problematic due to the high incidence

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

Sports withparticularlyhigh incidences of groin injury include ice hockey andfdlo¢ball codes

and there is variation by player position for rate of groin injury in many spdrisAustralian

Rules Football they are treecond most common injuries behind hamstring muscle strains and
have been estimated to be responsible for18 competition games per team being missed by
players due to injury in a seas@@rchard et al., 2015)n male professional footballers, muscle
injuries constitute almost one third of all tiress 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., 20P%viously, Hanna et al. (2010)
reported that 70% of male soccer players experience hip and/or groin pain during one season
andRyan et al. (2014tated thatthese injuriesvere among the top six most commonly
citedinjuriesin Rugby Unioandthey haveincreased significantly since 2002 moving from 16th

to 4th place irthe 2012 Rugby Union annual audit.



Slide4

Table 1 Comparison of US collegiate pelvis/hip muscleftendon
injury rates for 15 sports

Practice
% of IR per
Sport njuries 1000 AE

Men's soccer'' ; 7.8 034
Men's ice hockey'” : 131 026
Men's American football” 5.2 02

Women's ice hodkey'* 12 03

Men’s lagosse™ . 56 18

Women's soccer'® - 76 04

Men's wresting'’ 3 < <005
Men's baskethall™ 4.4 018
Women's gymnastics’” . 2.7 017
Women's bacrosse™ ; 5 016
Women's field hockey™' 9.9 025
Men's baseba ™ g 25 005
Wonen's volleyball™ s 014
Women's softball™ . 29 008
Women's basketball * 32 013

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 Wal@¢ml., 2015) (Slide 4Qrchard 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 painis most commonly relatedo the adductor muscles, pubic symphysis, inguinal region
and nerve supply to the groin (Minnich et al., 2011). As a consequence of such aythgury
athlete may be out of play for a lengthy period, possibly resulting in major financial implications
for the Club and the playeBénnell et al., 2014Economopoulos et al., 2013; Matheson et al.,
2011;Minnich et al., 2011Muschaweck and Berger, 201Rierce et al., 201SBpenceiGardner

et al., 2013)1 have noted in my work withathletesthat anumber ofthese groin and hip injuries
maybecome chronic and in some cases may even be career efidiirgyis probably due to the

fact that very often thesénjuries and the consequential pain is minimal and then becomes
progressively worswith different anatomicastructures becomingnvolved 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 placés will be discussed in Chaptdr (Risk Factors),
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understandingpossible risk factorr the players in specific sporis 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, 20:terogeneous studies with low
methodological quality dominate resedrcelated 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 inhe area, identified by recent systematic reviewhey 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 hygethésat adherence

to these minimum reporting standards may strengthen the quality and transparency of
epidemiological research conducted on grpain in athletes.

Slide5

|
AUTHOR STUDY

Tk TN

Serneret al., BJSM 2015

Study quality on Groin and Hip management remains low

TR B LT T

J Ovchard BJSM 2015 Men have higher risk of grain injury of women when playing the same spor

Lightetal. 2018

Future research should aim to explore ways to improve

the standardization of management

=T AT DR T 1 TR TEpOTON SEaEros TOT CIICET TESEaTc O Qo [Er oy srewes
Heiderschest and McClrtan. Phys B and Manag of Hip and Pelvis Injuries.
Mesd and Refab, 2016
Weir et al. BJSM, 2016 Trusting systamatic reviews and meta-analvsas. o that glitters |s not gobd
Langheut &t al. The J af Risk factors for groin imury and groin symptoms in elite-kval soocar players: & cohort study in

%ghgﬂaeﬂﬂ and Spaoits Prys Th the Duich prales=ional leagues
1

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

(2015),wherethey identified 72 relevant studies of which they stated that only 6% of the studies
were of high quality. Low methodological quality, confusion around the nomenelaf groin
pain in the athlete and inadequate reporting were lilighted in this reviewLight et al(2018)

re-affirmed that standardization of management needs to be explored in future resedrbbre
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was moderate evidence for the efficacy of consee treatment (active exercises and
multimodal treatments), as well as moderate evidence for surgery for athletes with adductor
NBflFGSR INRAY LI AY 2N aLRNIavYlyQa KSNYAL

Slide6

Aspetar - Oct 2014

Per Holmich: “Pubalgia is as specific as saying Kneealgia”
We need to be more concise with our terms if we are going to

understand the pathologies and management better.

* No pathophysiological correlation to pain

* No imaging correlation to pain

* No reliable operational findings correleted
to pain

Slide 6 shows the discussiontlé 1st International Hip and Groin Conference in Aspetar, Doha
in October 2014wherebyHolmich confirmed that to date there was no pathophysiological
correlation to pain; no imaging correlation to pain and no reliable operationairfgsdcorrelated

to pain. It was further suggested ahe DohaConferecg2014)that there was aneed to provide

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

PreviouslyWeir (PhD thesis2011) foundthat the interpretation of hip and groin researetas
limited bydiffering nomenclature, lack of validated outcome scores, unreliable clinical tests for
core stability and differences between case series and prospective stiispiteincreasing
researchover the past 20 years, the hip and groin quandary exists to thisFatyyears ago
Renstrom(1980) reported that groin pain (which was inclusive of hip pain) was a challenging
pathologyandlittle has changedo date. From my experience with many elite sportbave
observed that atil recently, groin ad hip pathologies haveot been given priority when
managing injuies in sports medicinéds will be discussed later in the thesis, the International
meetings to obtairConsensus Statements on the nomenclatures have been fruitful. However,
this is an ongoing procedure and maeecificityis required on an ongoing basssich as

providing better specific clinical tests.
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Conclusiort Introduction to Groin and HigQuandaries

Despite the large number of published papers on hip and groin pathology, the literature
continues to show confliatgresultsas is evidenthroughout this thesislf cliniciangdid indeed

take cognisance of these high proféeidencebasedmedicinestudiesthey wouldrealise the

lack of definitive strategiesThis is often reflected in the wide spectrum of diagnostic criteria and
treatment regimes proposed by clinicianiefe is still no obvious consensus or solutan

there is no observedecrease in the number of hip and groin injuriesportsman(Hernia Surge

Group, 2018Kemp et al., 2018¥iellor et al., 2016yan Kilij et al., 2018).

Future research on groin pain in athletes, using established published guidelines to improve
study methodological design and reporting, may be productive atmhaensus document needs
to be drawn up by experts which may provide these guideligssentidy, | 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. | believe that the pential 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.

Consequentlyit appearsthat a preventative strategy may be the key to prevent the injuries

from occurring in the first place.



Chapter 2Differential Diagnosis

2a) Overview

Slide7

R I I Al A e
Termir Table 1 The varous s, ted by e 23 experts 1o descrbe e J0AIN 1N

athletq === hort Delphi

Fist Secmmd Thwrd
metho gt .
— RLRTOP

Adam We 508 - Delahunt,*
RobgnAlar 08 \Q 14

: :w'é R 14
& .

s

nitions on groin pain in athletes: building agreementusing a short Delphi methot

A presentation byWeir (Isokinetic Conferenc015),was based on his work on the terminology
anddefinitions on groin pain in athletg$lide 7)His main finding was that the 23 expert
Specialists used 18 different terminologigéus, in spite ofiroin and hip paifbeingcommon in
many sports, the definition of groin and hip pain is problematicha@spgathologies are so
multifactorialandthere is a great need for consensus surrounding the terming{bliggnich et

al., 2011) This was affirmed byhorborg and Holmigh{2014)who stated hat there wasa

disparity interminologyused 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 cadseengst others, there is
adductorrelated groin pain(Chen et al., 2014; Coughlanadt, 2014; Delmore et al., 2014,
Holmich et al., 2013]Jensen et al., 2014&childers et al2009; Thorborg et g312011),0steitis
pubis, Brennan et al., 2005; Choi et al., 2011; Cunningham et al., R0fZarthy and Vicenzino
2003; Robinson et al2007; Verrall et al.2007), sports hernia(Antoniou et al., 2014Garvey et
al., 2010;Knox and Berney015),D A f Y 2 NB(Wiliani3 A Kogted 995),incipient hernia,
groin disruption(Garvey and Hazay@014) andathletic pubalgialuikka et a].2013; Larson

2014 Meyers, 2008
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There isgeneralconsensusn the academic literaturéhat multiple pathologies can eexist in
patients with chronic groipain (Garveyand Hazard, 2014%olandet al., 20T). Of note is the
observation ofRankin et al. (2015%yho showedhat hip joint pathologymaybe a major
contributor to secondary breakdown of adjent structuresround the hip jointAdvances in
Magnetic Resonance ImagingR) andhip arthroscopic surgergrovide insights which appear
to suggesthat earlier studies may have overlooked the hip joint a®arce of primary pain in
the athlete Byrdand Jones?2001;Malviya et al.2012).

Slide8

Differential diagnosis

GROIN A HIPS

Slide 8 showthe literature reviewl undertookspecifically for the Premier League medical
personnelwhichidentified multiple differential diagnose$or hip and groin painincluding
musculeskeletal and non muscuiskeletal causes such as infectipusnerous metabolic

causes, genitarinary and ggaecologic causes, inflammatory conditions and metabolic causes
(Millson, 2012. Many differentmanagement strategiesere prescribedand this was highlighted

in the handbooldo 8 (1 KS & 0 daflettiBglifroneliteyt interhational specialistgith

regard to management principleShere 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 foniform agreement iternationally on best practice when
dealing with tresepathologes This is a major reason for my embarking on this pathway to find a

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

frommedical personnel nationally and internationally

Slide9

GILMORE’S GROIN
GROIN DISRUPTION
SPORTSMEN GROIN

(Sportsmen Hernia:Wrong
as NO HERNIA)

more (Royal Society of Medicine. 2011)

An example of thizomplexity ofdiagnoses ithe use otthe termd DA £ Y 2 NSwWhithh&NR A Y 3 €
beenappliedover the past 30 yearas shown on Slide §Gilmore1998) Duringensuingyears

there have been discussioasdchallenges as to the exact terminology and meaning behind this
name(Wiliamsand Foster,1995).

| 2 £ Y 20@Kcondluded that a systemic approach, based on standardized clinical examination

using reliable examination techniques and wadfined clinical entities is very important to

diagnose and plan the correct treatment for footballers with groin pailNJ& (ZA GR-Aflf3y 2 A G A O
NEKIFIOAfAGIGAR2Y aGNXYGS3IASaEa FAYSR Id YR RSaAdaySs
SYyGAadASa INBotA|Ste G2 0S ftAYAGSR

Table 2 Differential Diagnosigor groin and/or hip pan

Author / Journal | Commentary on diagnosticlassifications

Holmich, 2007. There are3 musculetendinous causes for chronic groin injury in sportsmgen
a Of Ay A Odpgroach yinvolving:Hip adductoelated dysfunction , IRelated
dysfunctionand RArelated dysfunction

Caudill et al. 2008 Between 27% and 90% of athletes with sports hernia type symptomsrhaitiple
pathologies- Four broad categories: (1) adductongus dysfunction; (2) OP
(3) sports hernia and (4) a pathological condition of the hip joint.
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Meyers et al2008. The tem & & LJ2 NJi awakf@tkdgoheyétwo hugassumptionsregarding 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
treated the same \ay.

Falvey et al2009. A patheanatomical approach to the diagnosis of chronic groin pain in athletes.

The Groin TriangleThegroin, gluteal and greater trochanter trianglésroin
injuries were classified according to anatomic position and not sSpeoifstructure.
This is used frequently in current practice

Garvey et al. 2010

An algorithmshowed a pathophysiology for sports hernigith certain pathologies
leading to pelvic instability which then results in further pathologies of the groin
hip.

TunaijiH.A.and Karim
Khan. 2012

This study discussetie causes of chronic groin pamrelation to different borders
of the Groin triangleshowingd / 2 YY2y > [ Saa 02YY2y |y
pathologies in tabulated formThis approach addressasatomy complexity and
clinical diagnostic challenges of the groin region

Poultsides et ak012

The study émonstrated aralgorithmic approach to physical examinatioof a

painful nonarthritic hip.Underlying abnormal joint mechanics may predispose th
hip joint and the associateldemipelvis to asymmetric loads and thus possibly-ma
adaptations.

Brukner and Khan
2012

This study discussed structure based diagnosis on four clinical entities that may
be involved in LSGP he hip joint was not includiein this m@rticular definition.This
was the closest to the subsequent Doha Consensus agreement (2015).

Garvey and Hazard.
2014

Diagnosesncluded RAnuscle atrophy/asymmetry, conjoint tendinopathy, sports
hernia, groin disruption injury, classlhernia, traumatic ORnd avulsion fracture
of the pubic bone. The authors believed thsRor sports hernia should be
O2yaAiRSABRA Y aR A 4 NauEvibualy descrb&ddaNGifore and is
aresult of functional instability of the pelvis.

Jayasekera et al2014.

These authors describedrew, previously undescribed diagnosidatfpad
entrapmentat the hip. They proposed that this fat pad found at the anterior hea
/neck junction of the hip joint can be a source of pain.

Muschaweck et al.
2015

The anatomical and functional complexity of the groiras recognisedn addition
radiating pain from remote anatomical regionsasadded as possibldifferential
diagnho®s.

Bisciotti et al2015

Multifactorial aetiology of groin pain syndronveas acknowledgedrhese authors
specifedthata ANRAY LI Ayé YSIya aLI Ay Ay 0

WisbeyRoth T.,2015

It was siggestedthat a Hip Differential Diagnosis Flowchahould be utilised,
showingfive categories forassessment strategies Inflammation Instability, Intra-
articular, Extra Articulaand Tendon

Serner et al.2015.

A systematic review reporte@3 different terminologies usedn 72 studiedor the
diagnosis of hip and groin pain

Weir et al. 2015

I aldzReé dzaAy3a || aAK2NI 5Sf LKA &adzZNBSe
demonstratedmajor inconsistencies in the diagnostic terminology used by expe
for groin pain in athletes

Bisciotti et al. 2015

They discussednaassociation between inguinganal disease, like spaithernia and
FAI, to redefine and expand the conceptioB NB A Yy LJ- A.yh thiR AtddNIzl]
they referred to the groin pain aSPS.

Falvey et al. 208

This was prt 1 of a study to show a prospective anatomical diagndsiigry to the
pubic aponeurosis (PA) (62.8%) was the most common diagfakisved by
injuries to the hip (21.2%) and adductors (14.78t@arly two-thirds of patients
(63.6%) demonstrated pain and abnormality in multiple anatomical structures

IP: lio PsoasRA: Rectus Abdominu®P: Osteitis PubiE SGP: Long Standing Groin Pain
AP: Athletic Pubalgi@&PS: Groin Pain Syndrome



Table2 demonstrateghat there isa wide spectrum of approaches to the diagnasigroin and

hip pathologies over year§hese 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 posagile

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

undertaking this thesis and increasing my knowledge of groin and hipapdithus more

successful management

Some progress wasadewhen Sheen et al(2014)issued aBritish Hernia Society Consensus
aGFradSYSyd NBIFNRAYI (i Nderdithegatfeinpted] To ndrrbv2dedina Y | y Q &
more definitive terminology¢ KS & SNXY WA y 3 dzkhgderias theprdfetidd JG A 2y Q 46| &
nomenclature with thel S N  W{ LJ2 NJIi r@jatted, &ao tiSHdfia dxiSisthese

pathologies Theyproposedthat it should be managed through a multidisciplinary approach to
ensure that consistent standards and outcomes are achieViedgmultidisciplinary approacis
often identified as important in the management of hip and groin pad was frequently
mentioned during the hip and groitonferences in 2018Norld Conference on Groin Pain in
Athletes, Doha, Qataend 2.6 (Foaball Medical Associatio@onferenceMidlands, England
The multidisciplinary approach was inclusive of Sports Physicians, Orthopaedic Surgeons,
Physiotherapists, Biokineticians and all medasad fitness personnel involved with the athlete

andappears to beritical for best practice.

Overall, the response to ConsensusAgreement was disgppointmentamongst practitioners

asthere appeared to be an ovaepresentation of surgeongurther,a A y 3dzA y I £ RA & NHzLJI( .
merely added tdhe long list ofdifferent terminologes Thereafter, tle commentaryby Adam

Weir in the Bitish Journal of Sports Medicin€014) stated thathe paper gives rise to as many

guestions as it does answers. The statement achieved success in reaching agreement among
surgeons that there is nfavouredsurgical metlod at the present time and also highlighted that

there were still somesigrificant limitationsin the management of groin and hipssports

medicine | agree withWeir who was of the opinion that aeview ofcurrent evidencevas

needed which criticallgnalysed and prioritised current information of differential diagnosis in

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

relevant to my professnal field of sports physiotherapy and rehabilitation would besn



helpful. Nonethelesghis was an important first step on a long journey towards consensus in the
field of athletic groin injuries.
Slide10

Differential

BrJ Sports Med 201549.768-774 dol 10 11360jsporns-2015-004869

Diagnosis Consensus statement

Doha agreement meeting on terminology and
definitions in groin pain in athletes
(9 oren accessEIETESTD

Adam Weir ' Peter Brukner* Eamonn Delahunt’* Jan Exstrand”® Damian Griffin®

Karim M Khan'" Greg Lovell” Willam C Meyers® Ulrnke Muschaweck '”, John Orchard '’
Hannu Paajamen ', Marc Philippon ' ' Gises Reboul’ ™ Philip Robinson ™

Anthony G Schache'® Ernest Schilders ™ Andreas Serner’ Holly Sdvers™

Kristian Tharborg®" Timothy Tyler™ Geoffrey Verral™’ Robert.Jan de Vos™*

Zarko Vuckovic ', Per Molmach '~

Slidel1l

g pn terminology and

Hip Joint

based classification system
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Slide12

terminology

- Adductor related groin pain
+ lliopsoas related groin pain
+ Inguinal related groin pain
- Pubic groin pain

« Hip-related groin pain

«  Others (1o be further investigates)

Slides 10, 11 and Xhows thatsubsequentto the Manchester Consensus Agreement, the

ground breakingDoha ConsensusIINS SYSy (i¢ YSSGAy 3 2ibnsingmiyAy2f 2 3
pain in athletesvas convened in November 2014, isfh included 24nternational experts from

14 different countries. Thaim of the meetingwas toreachagreanenton a standard

terminology, along with accompanying definitions. They reached a conseasesdon history

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

practice and research. Unanimous agreement was reactsing the classification system which

has three major subheadings of groin pain in athleteshown in the slide 11 and 12:

1. Adductorrelated, lliopsoasrelated, inguinarelated and pubigelated groin pain.

2. Hiprelated groin pain.

3. Othercauwses of groin pain in athletes

LG o1& F LINAGAE SIS F2NIYS (2 FHGGSYRRIKKASNRYGFS
GAOUK GKSNABSRHORAWHADA 8 RBERS® |jdzSadiA2y SR YS NB3I
F LILIN2 F OK G2 GKS yS¢ RSTFAYAGAZ2Y YR 6K K L @

SGKSNJ
FYR GN}YaLI NBYyG 2dzi 02 YSNBl @3RI KA I IER SFNR RF 1A
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LYGSNBadAy3Ites GKSEINRBYNBYRGKER AVISONYERAABWI ©

ANB G2 YI1S I RAFTFSNBYONR Yi 2rel oS I OAA 2 AFO ASIEYLES |
Y20SR (KIG GKS NBfIFIGA2YAaKALI 60S06SSy aLISOALF T Aal
LINE OR@$ 22 GKS FFOG GKIFIG GKSe INB Fftf (22 odae
2y 0S8 (KSe | 01y2@af ORASAAKSTONNY Y Dat RIS yR aKI
02y RdzOA QDS (2 KIGAYy3 RAAOdZAAA2YAAY 28 @K | INKF @S NIK
2y A2Ay3 ljdzSadAz2ya NBIF NRANEID (YIWAEHSYSYy (i 2F INBA

Thisprovidedcommon ground amongst clinicians dealing with groin p&urbsequent to the

Doha Agreementyariousamendmentdo the Doha agreemerttave beerproposed as well as

various valuable practical applications have been undertaken based on this classificagion.| y
AYGNRRAzOG 2NE > 86 ¥ob DEQ@ Y O ENENBRK(Sa 52Kl af INBSYSy i
AYLRNIFYG aGSL) F2NBINR o0 fEINERZAAWB|I0HEKSOalH SR
K2 LISTdzZf f &85 AYMILYNRIRSY Siyki @ F IANRAY Ay adzNA Sa

Slide13

Not “Osteitis Pubis”! Inflammation vs Stress reaction

Itis suggested that the radiological consequence of BMO in

sport represents load and nothing more and is part of mechano-

transduction adaptation of the osteophytes in the bone in
response to increased activity.

How much bone stress is normal?

An example of thisisthe SN Ay 2 f 2 3 & (OR)Era¥i®aliichndmonlydzseds ac
longerutilized (Slide 13)From my years of working withrémier League football | have noted
that more than half of thePremier Leaguefootballers show increased uptake of bone marrow

oedemain pre-screening / signing MRIs. Howevitrey are mostly asymptomatic. This is
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postulated to be due tohe radiologicatonsequences dione marrow oedeman sport,which

is representativeof mechanotransduction adaptation of the osteocytes in the bone in response
to increased activityMillson,2012). Thus the diagnosis @DsteitisPdzo Aad groin pain which

had previously been madesedon MRI, has been recognised as no longer relevant as a specific
diagnosisRobinson et al. (2015) concluded that pubic bone marrow and parasymphyseal
findings on MRI were frequently found in asymptomatic athletes and digretict injury or
symptom development or any need for surgery.

Most importantly,& LJdzo | dnadbluctardysfunctionwas a more frequent MRI finding than
0OsteitisPdz0 Andsdccer player§Cunningham et al., 2007y he findings of this study suggest
that both entities are mechanically related and thadteitisPubisand adductordysfunction
frequently coexisaind thusadductor dysfunction most likely precedes tievelopment of
OsteitisPubisin soccer players. The difficulty which is apparent at specific conferences on this
topic, is that as a clinician, one does not know when the increbsed marrow oedemahown

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

or pubic symphysisone marrow oedemaiptake.At the North East Symposium on Sports
Injuries and Exercise Medicineedical meetingd5" May 2016, the panel dscussion involving a
Premier Leagueloctor, an eminent radiologist anchyelf, resulted in a detailed discussion
regardinga need for some fan of grading of thibone marrow oedemavith the aim of being

able to identifywhen an asymptomatic conditiomaybecome symptomatiddowever, as gt

this objective has not been achieveélhese are most important considerations for the

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

| 2 YR OMPAVBIRKEG FINRIMSNRIOA S6SR 22dzNy I fax Lldzof A aKS|
Hn Moy R O2y Of dzR SrBnhddinkééd driald existdd @ thasehdndthere wasno

agreement in the literature with regards to diagnostic entities and terminolbigpymich

suggesed the term"adductorrelated groin injury” Awell-defined clinical exaination of the

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

flexibility wasfound to bereproducible with only limited intraand interobserver variation.



‘ Groin Pain

- Hip joint = 56%
- Add related = 33%

A common pattern was a co-existence of hip joint pathology,

PBSI and Add-related groin pain.

[K08: Holmich and Bradshaw 2012,
& of Groin Pain in the Sporting population. Rankin et al AJSM 2015

Rankin et al. (2015)eaffirmedthat chronic hip and groin pain is often associated with multiple
clinical entitiesandthat hip joint pathology is the most common clinical entiygroin painand
often existed with pubidone stress injury and adductoelated groin pair(Slide 14)He

believed that hip joint pathology waelated to femoro-acetabular impingement, labral tears,
and osteoarthritis Historically, hip related groin pain was often buried amongst the diagnostic
criteria for the groinThese pathologieare frequentlyas®ciated with secondary breakdown of

surrounding structures. However, the underpinning mechanisms are unclear.

Anoveloverview of differential diagnos hipand groin pairwas presentedy Dr Charlotte
Cowie(Football Medical ConferencBurton on Trety Midlands,2016). Thisvas based on her

work at St Georges Pakngland 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 pathologiese gfoup with nultiple pathologies

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

would not cure themEssentially optimal loading may be defined as the laglied to

structures that maximises physiologiadaptation The magnitude and the ratof loading is an
ongoing challenging issy&abbett, 2016Glasgow et al., 201%erebours et al., 20)6The take

home message was that ifi¢ clinician can return the player to normal full function (after a
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battery of tests and relevanthabilitation), the pathology is not important and one should not
get too focussed on a specific diagnosidinically] haveused thismodus operandwhen

managing most of the groin and hip patients over the past yedttsa good success rate

From myobservatiorsin elite sports players with groin paiften consulta number ofdifferent
specialistavho allgivead & LIS OA T A GhatRfleh rasylediritiiree different surgical
procedures This may simply be attributed to the complexity of making a diagmosigp and

groin pain but may alsmccur whenmedical staffand/or theclubgo¥ 2 NJ I éidjodder@®] FA E
get the playe back as soon as possible.some cases, this varied diagrsoand management

has led to the playeno longer being able to compete at that elite lewshich | have observed

dueto having an overview when gathering medical informatmreach clubOngoing different
pathological diagnoses, with resultant differenanagement strategies on an ongoing basis

have even led to psychological issues with the player.

Slide15

Background

Prevalence of groin injuries
and association with growth spurt in
pubertal elite Qatari soccer piayers

A prospective epidemiological study
over two consecutive seasons
Mateme, O., Faroog, A., Johnson, A., Weir, A., Tramulas, A

Presented by Olivier Materne
Senfor Football Physiotherapist,

Aspire Academy Health Centre,

QFA U1T7 Physiotherapist,

Natioral Sports Medicine programme.
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Slide16

Background
Youth

O|A young player = spectrum of skeletal maturity:
= The “Growth spurt”,
= The physis: weakest part of the muscle-tendon-bone
complex. e o

(9] _Lphyseal and physeal stress injuries:
= QDveruse injuries.
= Underreported in the I|tEraturs.

‘Cnmprehenswe groin epidemiology is non-

* Prevalence: 7.5% (2% - 10%).
= Higher rate in early and normal maturers.; :
= Osteochondral injuries = 41.5% of all lower limb

' growth related injuries..

I 4 AK2M60/RA YMOE FRRNB Y i A B F (SR ADANG &Ry ABKKS &2dzy3 |

VRN

O2YLJ NBR ¢A (K MNRS GIKRdNBG  IBRE SYRdzNASE FNB GKS
RSOSt2LIAy3 IANBAY I YR (Rifiotidgt all281¢Matesfie, DKASMutag dzy 3 | U K

2017.! Rdzt G Ay 2dzNA Tz TREH &Spine 3I&KE 08 S SELISNASYO
GAYS YR YIe 068 AvYel OGSR o6& 2GKSNJ AyadNASa

| 2V Of gB3AMFZRSNBY AL E S5Al3Jy2aia

Thecommentaryby Weir(2014),noted thateven though there was not a orsf solution to the
nomenclature thaimakes diagnosis simple, the road appears to be getting clestbe
specialists in this groin and hip field are interactifijese consensus agreement meetings just
confirm that no one person hake answer and without ongoing collaboration, the diagnost
dilemma withhip andgroin pathology Wl remain staticWhen giving presentations, | frequently
discuss the importance of collaboration with my colleagues, as | believe this factor has
strengthened my knowledge and thus my implementation of manageragategies with
groin/hip and other musculskeletal problemsirom my work with the mier League Botball
over the past 13 years, | have definitely seen progress regarding mederalction, with

guidelines and consenssgtatemertsbeing implemented worldwidelhe collaboration between
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specialiststhe increase in meaningful studies atite manygroin and hipconferences
embracing all medical personneldstowards amore simplified management structure of these

groin and hip prol@msand shows progression going forward
{f AR
Differential diagnosis

Take Home message:

Findings of multiple abnormal clinical entities tempt one to
speculate that one clinical entity likely precedes other

developing entities

# No consensus on diagnostic definitions.

# No “Gold Standard”

ae Pich Qe 2004 [ Sanie =l al Gron pain and dopscas bursies Always 3 couse-eflact
2074 Saneans = . Can hipimpngamant bs misiaken far bandon pain n the gran? & long-tam
‘Sports Traumatalagy, Athroscapy. 2014; Wilsan J. J. and Fuukawa  Evalustion of {he patiant wih
2016 Buckland et al. ) Am Acad Orihop Surn 2017 Muschomecis and Koch Radiology. 2019

¢KS (1 1S K2YBI YSARBABRAFFFRRIRMR Iy248Aa 2F IANBAY
LI K2t 234 S3K5S2 Kgy & B0 a 624 2 F 3 NS SEYASR/SL ywiirHBrNgyr- Wi A 2 Y IF £ £ ¢
Fy 2y32Ay3 RSAANB (2 @¢2N] G26FNR | O02YY2y | ANE
Foy2NXYEE Of AyANS RIzEY R ALINBG ¢ VIRA (i&ER2WS 0GtAN AL O loff
Sy Ginkitpt5 t @ LINBOSRSEA 28 REMNI REDSt BHB a2t dzAA gFF GG 2
AGNIAIKOAASNBRNROES Ay aLIAGS 2F GKA& O2YLX SEA
ANBAY 2NJ KAL) LINPOfSY o6KAK2@zial oBRSYAVAISSES FTRON 2
LI a8 NE aAyOS dyRENIL {KIYAS (KBa SIMIBSR (KS LRaAlA
KAL) LI GASY(ad RSALIAGS y2i KIYIAYIIDSR RS FIAK2ANRAIZEK R
dzy RSNEGFYRAY3 2F (GKS 60A2YSOKIFyAO0a FyR yli{i2YAC
ALR NI 6AGK ¢ KA GKK AGGK S5l NI NIBS 3rey deAtf K @EKRedBI 8 8 G A 2 y SR
6t NBOBY A2y
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Chapter 3: Anatomy

3a) General

Without a clear clinicgbathological diagnosj the subsequent management of

chronicgroinpain is difficult As discussedhe combination of complex anatomy, variability of
presentation and the noispecific nature of the signs and symptoms mé#ie diagnostic process
problematical.This is apparent inlinicalpractice, where different specialist surgeons focus on a

specific anatomical area amperate accordinglyas will be discussed in Chaptet 3urgery!

believe that he limitation in climcal diagnosidbased on patient signs arsymptoms in hip and

groin painincreases the importance of &R SLIG K {y26f SR3IS 27F &l NHzOG dzNJ
Lyl GRYel KARA ORBFAT f Of SI NI & KASE aYvk 28¢ yR AANS QK AlGEK SO
dzy RSNEGFYRAY 3 GKS FdzyOlA2yltAlGe 2FRHIKE rRDEHSYyY
FofS (2 LINBAONROGS | LINBOSYiGAz2y 2N NBKFOoAtAGEGA
RAFIy2arAad

{f ARS wmy
The epidemiology

- elite and non-elite football players

64% adductor-related Clinical diagnosis
10% iliopsoas (hip flexor)-related Acute injuries
4% inguinal-related 66% - Adductor

5% hip-related
Werner et al; BJSM 2009

25% - lliopsoas

23% - Rectus Femoris

51% adductor-related 10% - Abdominal
30% iliopsoas-related

19 % inguinal-related
Holmich et al; BJSM 2013 Serner et al, AJSM 2015

6% - Sartorius

ASPETARY L iu 1

Thisunderstanding of the structuralral functional anatomyvas highlighted in @resengtion by
Weir, at the Doha conference (Nov 201ahd shown succinctly on Slide 18. This shihes
epidemiology of elite and nerelite football playersThe diagnoses are classified according to

the anatomical structure implicated. A number of structures lie in close proximity to one another



in a relatively small defined area of the hip and gramnd an intimate knowledge of the anatomy

is required to accrately identify implicatednjured structures.

| 2f YOHOKRD & OdKESRYLIZ NI yOS 27 I yik M0t Sy (INB/1R2
YSNBSas fA3IlYSyida FyR 2ZSNWEFDOGA Y YyRK RSKASW RV @K BN
LINF Ol A @$ I(dMIKE 2@ e v S NB/A Saddzad03 B@S § Qulil- AONR LI OINEBGE &2 20AKyS
LISEIARL KAL) 22AFa@a &) F RRASDAFAIARRR TFTdzy OliAzy 2F Y
0KS SEGNBPYR GMES a0t Ay A Ol ff yRSIHBKAKY ISHFIISROEWVPS T NP
NEFIdRES FdzyOaAzylf IylFi2YAOFt 1y2¢6fSR3IAS Ay GKA
Ot AYAOAlIya ¢K2 GSYR (2 ¥F20dza 2y 2y S LI NI AOdz I N

{ftARS ™M

Hip Joint and Pubic joint

NS GrOin paln in Athlates ™ Meyer et al 2005, Thorborg and Holmich BJSM 2013

Clinical Sports Anatomy (Franklyn-Miller, Falvey, McCrory, Brukner) |

Pl GXBGol f VSSANAR2ZW B SEBNINBAGKS Fdzy RFYSydl €

I LILINE QMIIKESY B y2Ye 2F GKS INBAY YR KALI NBIAZ2Y 6K
LI § K2f 238k LI Ay @ |I-NSB (KIAEAKE YAAAKAILIER aIKISHA S8 SNG'S K N IR
R S & O ik an&dtnicand pathophysiologic basis for abdominal and groin pain in athletes

6 a S &SSINmHEnf iy & NS @ K Bajmételd he& pelvic anatomy pertinent to the clinical

problemsand correlated this anatomy with a number of syndrome variaideyers et al., 2005)
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0 { t AR K dakdinphasis was on specific structures rather than the imédationship

between structures

L G201 f f ehefuthofsidgMIig KiIKIS ©2y OSLII 2Rey I ¥Rl OSYeR 5
was the essencwm understanding the anatomy and pertinent pathophysiology in groin and hip
patients. Brandon et al.Z011) explainedhe major role the pubic symphysis plays in anchoring
the anterior abdominal wall, inguinal regiondthe adductor group and aldww the inguinal
region functions as a transition zone between the torso, lower extremities and the genital area.
Thesdessons should be at the forefroof treatment, rehabilitation and prevention of groin and
hip pathologiesl now realise that we have previously underestimated the role of the pubic joint
in carrying theorces and resultanstresgsfrom the upper body to lower limbs and particularly

in different sporting activities.

On requestMeyersprovidedda 6 dzf f SEi  FLAANIsAiASdbook on Groin and Hif2012)
andoutlined anatomic concepts essenti@ the managemenbf these patientsThe role of the

pubic joint and associated areas was strongly highlighted as below:

1 The pubic joinand its significant rolé the management of groin pain.

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

1 The centrally attaching muscles and soft tissues, e.g. rectus abdominis, pectineus,
adductor longus and adductor brevis, versus the peripharppertive muscles,
e.g. rectus femoris, iliacus, psoaartorius

1 Identification of coremuscle functionality

1 Inter-relationships between the hip and the pubic joint



Understand the role the hip / groin plays in a combination

of movement patterns and dysfunctions.

Anatomy

Orchard and Best 2003:

“Whilst all muscles have anatomical individuality,

they do not all have functional individuality”

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

movement patterns and dysfunctionsltAough groin pain from hip pathology is well recognized,
lower anterior abdominal wall ahanterior pelvis structures may albe interrelated sources of
pain.Understanding thestructural anatomy is essential to understanding the contribution made
by the different strutures. A shown on Slide 2&Jthough muscles have anatomical
individuality, they do not all have functional individuality and fisvides further insight into

how eachstructure relates to each other in movement.
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Anatomy

Kicking and twisting movements
These actions place strain on fascial and musculo -skeletal structures

that are fixed to a number of bony anatomical points in close proximity

1

Tackled

e

High-risk activities such asoccer, ice hockeyugby, basketball, athletics, hockey, crickat

others, place great strain on thfascial and muscugskeletal structures that are fixed to various
bony anatomeal points in close proximiilides22 and 23)These sports generate significant
torsional stress at the transition zones between the abdomen and the pelvis which incrbases t
riskofinjury¢ KAa A& LI NI A Odzt I NI &apid atbiefeatioh andJ & LJ2 NI &
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deceleration, suddechanges in directio] A O1 A y 3 d¥/Mitlakieréetial, 201 5)fAhe
clinician evaluates each individual sport apgcific biomechani¢alemands of each position
within the sportthe resultant management would be possibEevaluating the exact pelvic
torsion for each sport or position therein would require very specific reseanchwould be

most useful As there are no studies regardittgs specificity,n my profession, have
endeavouredo either take part in the particular sport e.g. basketliatl a better understanding
of the requirementspr sat by thefield for many hours analysing the fdifent movement
patternsand consequencethereof. This is time consuming, but most worthwhile in terms of
specific management for prevention or rehabilitatidio date this is not done by the majority of
clinicians, due to time restraintsbelieve it should be mandatory for clinicians to spemare

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

clearly demonstrated.
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3.8 - 6.4 BODY WEIGHT at front foot strike
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Pain In the Dancerand Gymnast. Weber et al June 2015 Sports Health

Ly YSYIINBEA2YExdNBARSAYIRIIGRK So3ad a4 aKz2gy AY
RSYlIYyRa 2y (GKS 3INRBAY YR KALI NB3IA2Yy Ay alLl2Nla
fAFTOAYT 2N {ftARS HT | YR (KS HARRIBOKHI NB O3 B LIRISAYV
FYR GKS 3INRAY YR KALSKANS A 3K ARRKLOS\YIRI(YSIR  2ayL ISICKASF A
- asS (KIFIi GkKSe KIF@S FyRIKKS 2INIANIG X @ dzfZ | N
GFAf& YR ydzZy0Sa 2F SIFOK OGAQGAGE 2V

SEIFIOG RS
O2@0SNBR AY YSRAOIt OdzNNAOdz | S® ¢KAA KlFa 0SSy ¢
t NBaASyldlidAz2ya YR GKS L SBEERRY ®2F |jdzSaidAirzya |

a@ [AY Aa (2 F20dza GKS I (iiGSyRSI&AS 25F QIS YRNRSAWS
LI G 0BNYIaSH OK aLR2NL>o Sy OEORAYEA @ 6% Sdi by Of dzRA y 3

AAAYATAOIYOS 2F (KS Tai/Ody ezx/ii Snuel 2 TLINKASyY 0 NSy
ANBAY YR Kk KBt OYREBRRYIAISAS | O2YLINBKSyairdsS 1yz2
ALISOATAO LRaAGAZ2Y R2LIISRE GKS Fdx®OA®2y L+t |yl {
OA2YSOKIYyAOa 2F (KS aLRNIo®
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Movement

Mobility Stability

N/

Continuous activity to maintain optimal pelvic position

Must work together in a co-ordinated fashion

\erford and Mottram, 2001

{ftARS on SELXFAya GKS NERt Sa2y/F0lvaeoyattA §ve2 ASERS yail I
AADBSYOlRYRNET eSo8F SERSOIHBVENR Y T die £ STo FooaglOG A 2y | | @
movement, the nervous system must integrate multimodal sensory informatratelicit the

necessary signals to recruit muscles to carry out a goal. This pathehagiesmultisensory

~

integration, signal processingoordination biomechanicsandcogniton/ 2 YSNF 2 NR I Y R
az2i0NF Y YRAMRISBEOSZ 6 Kb PKD A BIKE SIRDZBKRA WRBSRSY (I | &
it requires precise propriog#ive input from the peripheryprocessing and input from the

central nervous syem and involves timing of musctecruitment as well as muscle

contraction Prevention and rehabilitation cannot be successful unless the rewtor

factors are the basis of the managemernhis is taught at undergraduate level. However, from my
experiencel realise that many clinicians underestimate the importance of nenabor control

and how vital it is for athletes. | believe that this is also a crucial factor for enhgoeifagmance

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

Internationally on this topic.
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https://en.wikipedia.org/wiki/Cognition

The feedback and feedforward components of the neunotor systemis demonstrated in Slide
31. In my practice, | give most patients a copy of thagram with a full explanation to give them
a better understanding of the specific exercises that have been given to them andrtipnsver
them to becompliant This is a key point of my approach aadmplemented from grassots to

elite level insports 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 preventativeagcreeningstrategy (Cmerford

and Mottram 2001 Hides and Stanton, 201#lorobin and Thawley, 2015; Mischiati et al.,

2015) Mendis and Hide§016)highlightedhow motor control training programs aimed at the
lumbo-pelvic region also benefit the hip muscles. iFfi@dings showed that playessith current

low back painwho had the motor control training intervention mitigated sartorius muscle
atrophy and increased glatis mediusnuscle size. These findings are relevant in both the
aetiology and management athletes with groin or hip pain or potential pathologibyg the

parallel management of low back pain in elite football players.
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Summary

Poor movement control of the hip, pelvis and thorax during
sport is associated with a biomechanical overload of

anatomical structures in and around the hip and groin.

This overload results in inflammation and chronic groin pain.

a2 @SYSyil O2yiNRt 2F (KS KALEAROAWASRIgRIKKENR K
2PSNI 21 R l2yF (H2tYIA QiFkES 3391 NHzO G dzNBa Ay by RARSRan &
GKAE 2@SNI 21 RKZF BLINRSAARR AlyRdl BAALOGAAGYHISHE A NIINIBR ZFy &1 Kb dzt
I oB&AGS Ay LINBGSylGAy3oz2 @S NHEH2 ISH KXfaYE KIS yBay/NiE (2 FLIE

2OSNI 2FR A& | ONHzOALE St SYSy i al2yRAvEE  LONSS GBHYLE Al 2y
Y2NB KSiKAIJVERII MLl OG 2 NA ®
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Ly £t AYAOIf {4d2NNtzjay SN RIVYGERT Y EK B yRIAGIOKMZNGE 0 KS A Y L2 NI
dzy RSNEGFYRAY3A GKISYRdAdYOEK2VREYy G ¥ FTairyYa | yR NBRdzC
AYONBI SR {2d RARBKAKSKILEt®EIEY | O0ONBI 1 0KNRdzZAK A
I Fdzy OlA2y KIERTSY yBAYBEYR eSPRBE®SIS (KIG (KA& SF
YFEYRFG2NE Ay (KS SRdeGil GiAKZFAZEL 2KFI 53 LR B B X DA DA O & §
GFdzZAKG ALISOATFTAO FyFi2YAOLT aGNHzOGdzZNB&a | YR dzy RS
CKAEaAIFTAY2a0 AYLRNIFYyG LINI 2F Yeé LINBatSKSiF GAzyas
Ot AYAOAL Y NBI dziA NSO KF /2R | 1 y 1 ly2 oA BIRES0 W 8yaRS a1aK diaak 3
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I AaLISOATAO RAlIIy2ara oKSYy O2yFNRYISR 6AGK Fy |
Ay GKS I257a Sa25avaSyyolif S Ay ONB I a6 Rt K 238 RY & Rx$ NO Sryf 3 (Fr
GAYSKIZB RIPAHZRYEUNILOGA BF i A YAR FRIVBDFHRNB OG A y 3
gAOK2dzi GKS &LESO ANEBRAQIZE RIAFFyFly 285FAFaSS O A a LINB OGSy (A 2
NEO2@SNE FNRBY |y Aye2dzaNE® 2 KAf ald -®NSKS-aiKiSa B IS N
aO0ONBSyAy3d 2y SIFOK LXIFI8SNE 6KAOK AyOfSHRiRR 2y S &
tbC LI GGSNY 6KAOK L dziAfAaSR gFa y20 LINBOJA2dzaf
a1S8tSitt FraasSaavySyid IyR NBIFItftAaSR GKS SEOStt Sy
¢tKAad o6& SOSYy aKINBR ¢Ha8 AFYSNHTA G YASR BaaSt i C
LISNOAYSYG G2 GKS FTdzy©OKARYydlf A (B2 R2F2F2R @& {1LI3AK
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Anatomy in Theory

3 Primary patterns:

“A Clinical Entity”

- Adductor related pain
- IP related pain

- Hernia and abdominal related pain

Holmlich P, BJSM 2007 Holméich etal,, BJSM Aug 2013

Anatomy in Reality

external
oblique
feut)
internal
cblique —
ut)

transverse

Figure 24,1 Anatomy of the groin area
(@) Muscles of the abdominal wall

yetal, BUSM 2008 Danvs ot o, BISM 2011; Kinchington et o Aspetar 2013
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Anatomy in Theory Anatomy in Reality

18k, 2006, Fahey e al, BISM 2009, Davs &t al BJSM 2011

As clearly shown in Slides 336, cne of my primary objectives when giving presentations over
the past years, has been to demonstrate the importancstofctural and functional anatomy of
this areaand to highlight the disparity between anatomy in theorydaanatamy in reality Falvey
et al. (2009emonstrated a model wich isrelevart for interpretation of anatomical structures
(Slide 34)Theyproposeal aneducational modebased on patheanatomical concepts/hich is a
major part of my presentationsAnatomical referencpoints were selected to form a triangle
namely the 3G approach (groin, gluteal and greatechanter triangles)permitting theclinician
to move throughout the region and consid@athologies appropriatelyOn Slide85 and 36pne
can see the difference of learning theecisestructural anatomy from many text books and then
observing the anatomy in patients during surgery or even cadavers to understamaltliple
attachments and consequentiabmplexityof the interaction of the musclesvhich is often not

represented in a limensional drawing.

Ly F LINBaSyidlrdArzy L 31 @S G2 adz2NBS2ya Fd DA Y2N
importance of functional anatomy and even explained why it is important for there to be less

surgery and more understanding of this fumctality. | 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 presentatibimsfrank discussioms not common
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practicefrom physio tospecialist. Howevet,felt the need to be transparenasl have been
observing the oveemphasis for sigery in the Premier Leagwend other elite sport
Slide37

Fig. 3. Muscle atachments in he pubic regiont (a) rectus abdomi-
ris. (b) decussating fibees of rectus L (€) inganad g S
) of rectus W and adducior longus in con-
tinuity; and (o) adductor longus (adapted from Eisler¥)

ty of the pubic region revisited: implications for the pathogenesis
ain In athletes. Sports Medicine (Auckfand, N.2.), 39(3), 225-234

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

rectus abdominus and symphyseal cartilagigek and capsular tissue®dbertson et al.2009

and Robinson et gl2007). It isthus surprisingthat managemenhas notpreviouslytaken

sufficient cogrsance othis 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 | personally, have only come to realise in the past few years of this
relevance, as have my colleaguel levels of medical personnelyho admit to this lack of

acknowledgemenpreviously during discussioas my presentations.

| 2y Of g@aSK2SNEI 2 YR Y |
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3b. Specific Anatomical Areas

3bi Pubic Joint

As has been briefly discusseldetconcept othe pubic joint is the key tanderstanding the

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

maintenance of balance around the pubic joint is iMeyers et al.2007).
{t ORS

A schematic coronal cross-section of the symphysis pubis

Central fibrocartilagenous disc (black arrow) with midline ‘primary cleft'.

This is sandwiched between thin layers of hyaline cartilage which coat the
articular cortex of the symphysis bilaterally (black arrowhead).

The superior pubic ligament (white arrowheads) is very broad

White arrows indicate the arcuate ligament

CKS |yl (2Y& WLIKIgERA 3hJdza A N2 f SS gSWIKA NS 3| ANYRS (G20 GAKK
0SSy TFdA t & | yorK S aL3dR AG/O AiPKISAIEDE 3N IO INTIM E N Sy 2 dza
GKAQGK yARwAOKSR 060S06SSy (GKAY flFr@SNR 2F X8It AYS
0% aeé YLIKe & ATae fibracariilagiods disk ir@nforced by a series of ligaments

including thesuperior pubic ligamerdnd theinferior pubic ligamentwhich provide the most

structural stability(Slide 38. The strong and thicker superibgament is reinforced by the

tendons of therectus abdominis muscléhe abdominal external oblique musgléhe gracilis

muscle and bymuscles of the hipThis allows théransferof weight of the upright tunk from

the sacrum to the hipsThe attachment&nd the intimate relationship of adduat longus, rectus
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abdominis and the symphyseal c#ate, disc and capsular tissues at and aroundsgmephysis

pubis were observeth a cadaver and MRI studi€Rdbinson et al. 2007).

Understanding thenatomicalattachments surrounding thpubic symphgis highlightsthe
implications forinstabilityaround this joint Instability of thepubic symphysisaycaus traction
and shearing forcevhere the muscles insert into theubic symphysiand thus may be
responsible for chronic stresses and imbalanidas mayead to the onset of a bone, musele
tendon or inguinal groin pain. This instability n&ther have a functional or structural
mechanism. Altered biomechanics or muscle imbalance will le&ghiional imbalance of the
pubic symphysi§Robertsoret al., 2009)lt is clear that the pubic symphysian have a far
reaching effect on hip and groin pathology and should always be considered in a clinical
examination of a painful athletén my practice, | have found that by correcting any malfunction
and muscle imbalances around the pubic symphysis, the chances have been high for correcting
any abnormalities and thysreventing or rehabilitating manlyip and groin problemsThis

analysis of the functional anatomy has not always been common practicegsnolinicians and

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

{ f oS

Symphysis Pubis joint / “Osteitis Pubis”

Overuse of PS =
Bone stress reaction Joint / Disc degeneration.

& ., Sports Health, 2010;
[ Campbell &t & (2013} Semin Muscuoskesa! Radiol 2013
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P N
Tightness

Pubic bone
Y overload /

Dysfunction Weakness

F Brukner FA Presentation Sep 2013

Slides 39 and 40 explains the stress on the pubic symphysis joint aiésbeen mentioned
previously, the terntosteitis pubis has been used for many years and apart from a few studies,
it is only recently thathe term pubic bone stredsas been the accepted terminology. 3t due

to the abserved bone marrow oedentzeing described aa natural phenomenon ankl

O2y asS| diS®iOS 2BSNI 2 I RH K ¥ Fokhig2laylstill bediedetibBaspubic

bone stress time line would be of benefit to clinicialbis may give clinicians an idea as to the
amount of load that is present and the consequential managenoséonloading the pubic joint
appropriately.There was some debatd the Groin and Hip Conferenge2014 (Aspetar First
World Conference) and 2016 (Football Medical Association Conference), when the expest panel
were asked the relevance of pubic bone ssavith regards to a time continuum and the
possibility of an asymptomatic pubic bone strdsscoming symptomatic. Future research is
needed to providerisight into the relevance dhe increased uptake gfubic bone stresanda

time line to analyse theontinuum of the increased uptake anlus possible prevention @ny

hip and groin pathology
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Regarding functional anatomyne of the biggest lessons to be learnt from the anatomy of the
hip and groin is interconnectednesstbe tendons around the pubic joint and thus the resultant

overload of the joint and other muscles, particularlyhié muscles are weak\(eir, International
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Olympic CommitteAdvanced Team Physician Course, Tugdy) (Slides41 and 42. This

understanding would lead to more-ttepth evaluation of muscle imbalance and appropriate
strengtheningnot only of the adductor muscles, but also the abdominal muscles and other

related muscles which play a major role in all functional movementsicp&rly in sports 6Core
aldlroAftAleed KFra 0SSy (KS F20dza T2N) SOSNEB2yS 20°€
of the interconnectedness around the pubic joint and load management from the upper trunk to

the lower trunk and lower limhsThs requiresconsideration foiprevention of groin and hip

problems.

At the Football Medical Ass@tion Conference (May, 2016), Holmistated in his presentation

that one must be careful interpreting these anatomical structures and th@sof f SR a RANB O
connection between musclekle said thathere is a difference between the bony attachment of

the various tendons and the fascial connection whidlkloubtedly work together as structures,

but this is a biomechanical factor and not necessartdyrect connection. He believetiat one

aK2dZ R 06S @SNEB OFNBFdA y20 G2 06S R23IYIFIGAO NB3II
up over the pubic area. This is currently an ongoing point of discussion. However, from my

S E LIS NA S y @&¥erS F R BeDréatighiydnhe implications of all the muscles involved

aroundthe pubic area and the crossover trangace of load fronone side othe upper body to

the opposite side of thdower limbsvia this pubic are# crucial Athough complex, itisould be

a guide for providing assessment and management of groin and hiplpainy practice, even if |

have not been able to give a definitive diagnosis for a patient, | have fully rehabilitated them by
working on all the relevant structures associateith the pubic joint and not just concentrated

on the groin or hip specifically.

Conclusionc Pubic Joint

Fom the rehabilitation perspectivéor the implementation of auccessful management
programme, | suggest an-depth understanding of all the muscitendon/ fascial attachments

to the pubic area and the consequential implications for functional movement.



3bii. Adductor Muscles

Slide 43

a) Adductor muscles

- < ) e 4 | A
The Hip Adductor muscles account for two-thirds of acute groin
injuries in athletes. Add Longus is injured in 90% of these cases.

Mosleretal., BJSM 2018

RoBkison et al AJR2007, Curningham ot o AIR 2007, Prof Emast Schidars. 2012 Mugty at
DRl G Anar 2013 Adductor-relitad groin ingury was the mast common cirical presentation of
Roe ot 3l AHE; Estews ot ., Ovthopendic Joumad of Spons Medicine 2018

2

It has been shown that addtor muscle injuries occun 13-70% of groin injuriesHkstrand etl.,
2011; Mosler et al., 2018Schilderset al., 2007; Schilders et aR013; Serner et 312014 (Slide
43).Adductor muscle strains can result in missed playing time for athletes in many Sfuss.
appears to be the case in most of thports thatrequire a lot of turning, kicking, twisting,
acceleration and deceleration, or high intensity hip abductlarsports such as ice hockey and
soccer where there is strong eccentric contraction required of the adductor muscles, there is a
high incidence oddductor strainsCoughlan et al2014 Cunningham et gl2007. Delmore et

al., 2014;Grote et al, 2004;Holmich et al.2013 Hrysomallis2009;Jensen et al2014 Schilders
et al, 2007;Thorborg et al.2011). It is interesting to note that as fdrack as 1997, Jarvinen et al.
describedgroin pain asand ! R R dzO (i 2 NJ Despité halBevitificatidn of risk factors and
strengthening intervention for ice hockey players, adductor straingicoa to occur(Nicholas

and Tyler2002).In my career, whilst dealing with elite sport and in particular, footthdlgve
learnt that although the adductostrengthening programmeés now being undertaken, the
adductor muscles are natlwaysstrengthered functionally e.gholding the leg in &ip flexion,
adductionand external rotation (as in the kicking actio8)nce working with the Stormers Rugby

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

different function of the adductor muscles in each instance.

Slide44

Comment: Adductor muscles Author

Coordination among thigh musdes induding the vashus inammedius and  Saito et al, Huvman Wovamant
adductor magnus at different eveling infensites. Scrermce, (2015)

Hormative adductor squeeze tests scores in rughy. Hedgsan, et al. Phys Ther inSp. (2015)

Malecki at al Bioldsd Ressach
Infevnanional 2015)

The resulls of adductor magnus tendonoesis in adolescants with
rescurmant patelar disiocation

lsckinatic imbalance of adduetar-abductor hip museles inpralessional  Belhaj ef al Eomopean Jourral of Sport
soccer players with chronic adductor-related groin pain Sevence|2]16)

Assessment of isolonalic poak tarque reliabibty of tha hip lexcr, estansor,  Samtos Andrada at al The J of Sports
ADD and ABD muscles inTemale soccer players Trom 14.bo 25 years oid.  Madicinme and Physical Fitnass (2016)

Many studies show importance of Adductor muscles

Pre-season adductor squeeze test and HAGOS function sport and
rescreation subscale scores predict grain inury in Saslic foatbal players

Cialahunt at al. Physical Th in Sport 2017

The Adductar Strengthening Programme prevents groin prablems Haroy ef al., 2018
amang male football players

MRI characteristics of adductor longus besions in profassional foatbal
players and prognostc fadars Tor HTF

Pezzatta etal Evropsan Jownal of
Radiciogy 2018

Pressason adductor squeszs strength in 303 Spanish male sooear Esleve ef al. Orihopaedic Joumal of
athlales Sparts Madiona. 2018

Player aclions can b caleponsed intg closed [changs of direction and  Semer ef al, BJSM 2019
reaching) and open (kicking and jumpdng) chain movements

irohing riplanar kip modon. A rapid muscle activation during a rapid

musche lengthening appaars o ba the fundamental injury mechanism

far acute adouchor KNEUS injurias

A small percentage ahe multitude ofadductor studies is demonstrated on Slide #4ere are
an increasing number of studiés show the importance of thedductor musclesn relation to
the strength and balance requirdd most sportsas well as théact that adductor longuss the
most frequently injured muscle igroin and hip pathologie@Holmich et al., 2014 anSerner et
al., 2015)In ascreening evaluation, as well as for rehabilitation, strengtd balance can be
assessed appropriately as a prevention strategydiacussed in ChapterggAssessment Whilst
the importarce of the @ductar muscles is implied in thecientific literature, it does not always
seem to be applied by the clinical commty, as can be seen Itlye continued high numbers of
hip and groinnjuries(Cianci etl., 2019;Pezzotta et al., 2018 horborg et al., 2008Thus my
presenations alwaysstrongly includeghe importance of a specific adductor strengthening
programme for each athlete related to their specific requiremessce 2000, working with the
Stormers Rugby team and noting (anecdotedly) lwawgroinhip injuries @s well as the
hamdring strainsyeceded,| have been undertakingn adductor strengtheimg programme with

postive outcomes and sharing this protocol with my colleagues.
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Anatomy

7, Prof Emest Schiders, 2012; Murptry et al . Skelet Radolog 2013
Dawis el 3l (2012) Br J Sports Mad . Norton-Otd et 3. CAn Anar 2013

The proximal anamy of adductor longusadductor brevisand gracilis isomplex(Slide45). The
arrangement and fusion of these muscles, their filseotilaginous entheses and differences in
vascularity of their proximal tendons may be important anatomical considerations in the
pathogenesis and pattern of adductoglated groin pairand congquently the management

thereof (Davis et al.2012).1 believe that pecific and relevant strengthening and an awareness

of maximalstrength of all these muscles and the consequential correct movement may prevent
groin and hip pathologies from developigthe first placeFortunately this is now being put

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

10 years ago

Cunninghametab v nnt 0 &0l GSR GKFdG Ay a200SNJ) LJX @SN gA
dysfunction was a more frequent MRI finding thasteitis pubig pubic joint dysfunction. Both

entities are mechanically related and they frequentlyesast. Theyhypothesised that adductor

dysfunction might precede the development of thecalledosteitispubis Thus the fact that

there may e more than one pathology leadingioK S & 3 NEReknforcésimi iyfahagemen

of looking at the entire iketic dhain and specifically analysing the load through the pubic area

from above and below the groin

Serner ad Jomah(2014)re-affirmedthat the most acute injuies are adductorelated and their
preliminary results support the beli¢hat the adductor longusnuscle is most frequently injured,

with kicking beingthe most commoly reported injury mechanisnThey developed a useful
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classification system for adductor muscle injuii@ade 1 to Grade 4) for acute groin injuri@s.

will be discussed in the rehabilitation chapter, specific exercises to strengthen the muscles
involved with kicking action shouldebmandatory for prevention of adductor muscle injuries.

This has not been the case from my observation okentears. Fortunately this new specific
1y2¢6ft SRIS Aa atz2gfte FAECEAYa GKS 3IFFLI YR GKS

rehabilitation outome.

Slide46

Sorwmrtranous

Posterior

Servieedoom -
lorg hoad of boem lemars
(conporet Sovckr)
Adsihin wagren
ey fron

Adduck mgrs
ket a

Figure 1. Lateral ustraton of the ischiad tuberosty demon-
srates the relationship of the hamstring tendon and adduc-
tor magnus footprints. Note the diference In origin of e 2
comporens of the adductor magrus muscle and the med-
lal location compared with the semimembrancsus and con-
joimt tendons.  Famikarity with s sratomy may aid
surgeons in proper placement of anchors when repairing
proximal hs'rmr'ng injuries. Reprinted with permission fom

bor Magnus Origin: Implications for Proximal Hamstring Injuries.
125067115625055.
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ST ligament

Figure 4. Gross aratomic findings aler dssecson. Adductor

enagnus (AM) Ssedion Pas Bean isolined and can be obesrved

medial 10 the conjoint sendon. Yellow line, mean length of AM

WNdon; Dl line, Mmasn medal dstancs rom T AM wadon

0 e semmemdranosus tendon (locxed deep 1o conjoin
i at 1 cm distal %0 e ischal duberosty

bor Magnus Origin: Implications for Proximal Hamstring Injuries.
2325967115625055.

When starting my work with the Stormers Super 14 Rugby Team P006) as

physiotherapist, | constructed a specific gereening proprioceptivaeuromuscular facilitation
assessment and consequential strengiimg programme which targetl the adductor muscles
(Chapter 5b i)i Previously the players had sustained many hamstring injurles/as most
interesting at the time to observe thapart from the strengthening of the adductor muscles,
the hamstring injflA Sa ¢ SNB da Ay OA RSy ( Thiud iBwes mosBhRigzido$s R 02y a A
many years lateto analyse the studgf Obey et al. (2018)hereby previously, the mostly
ignored factor othe anatomy of the adductor magnususcle origin and the implicatiorisr
proximal hamstring injuriegere detailed They stipulateéhat detailed knowledge of the

adductor naghustendon anatomy, footprint anatomy, and its relationship to the hamstring
muscle complexvasimportant in managing hamstring injuri¢Slides 46 and47). 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 prevesitategy
implemented with the Stormers Rugby in reducingrs#ring injuriesThus thigroprioceptive
neuromuscular facilitatioprotocol (whichwill be discusseth Chapters ¢ Test3, may be of
benefit for groin and hip problemand particularly, as a prevention stratedjurther, he critical
key is torecognisehe associated muscles and the entire kinetic chasmindportant as they are,

one shouldhot manage the adductor muscles in isolation.
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At the Manchester Consensus i@erence on groin and hips (201 2nportant strategies
regarding initiatreatment and rehabilitation programe for inguinal disruptiomvere

mentioned. However, the adductor muscles were not specitfédhe Consensus agreement in
Dohaon terminologyand ddinitions in groin pain in athlete@014),adductorrelated groin pain
was one of the defined clinical entitieBhus 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 rehabilitetn of mostathletes with potential or current

groin pain.

Conclusion Adductor Muscles

The problem of weak adductor muscles aitgllink to groin and hip pairs undisputed in
practice, as well as in the mentioned studi€ne needs to differentiate between the orthodox
understanding of anatomical anatomy and the understanding of reéationships of different
anatomical structure i.e. functional anatomy. This could be an opportunity for future research
| suggest the ahician shoulcanalyse the scientific literaturas well as having an-depth
understanding of alhe basicstructural and functional anatomy. Furthehe examinationof all
of the functional movementsf the entire kinetic chain and identifyg the cause for this
weaknessand any mahdaptationsmay allowoptimal managenent. | have found this to be
most useful in my practice over the yeafbesefindings havemplications for assessment,
rehabilitation, return to play criteria, as well as for a peation approachThis will be
highlighted inthe relevant chapter§Chapters 8, 9, 11).



3b iii. Gluteal muscles

Slide 48

Layers of the lateral stability mechanism of the hip as observed on an axial

magnetic resonance image through the upper pelvis

Superficial layer: Upper Gluteus Maximus (UGM), Tensor Fascia Lata (TFL), lliotibial
Band (ITB).

Intermediate layer: Gluteus Medius (GMED) - anterior (A), middle (M) and posterior

(P) portions, Pinformis (PIRI)

Deep layer: Gluteus Minimus (GMIN)

Slide 48 gives clear illustration of tijuteal musclesvhich consist ofGluteus Maximus,Guteus
Mediusand Gluteus Mnimus each having varied functiomsd working closely with the Tensor
Fascia &tae. Theyare considered key muscles for maintaining pelvic stability, hip stability,

upright posture and locomotion (Semciw et al., 2016).

Femoropelvic alignment is there result of the complex interactions between all members of
the abductormusclesynergy(Grimaldj 2011). Grimalddemonstrates the close association
between hip abductor function and segmental alignment of the femur, pelvis and amdk
explainedhow 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 muscleshe also describedhe importance of the different lays with

resultant different functionality | personally do not think that in the past | took sufficient
cognisance of the ihdence of the gluteal muscles on the entire kinetic chbilowever, the

acknowledgement and analysis of &letevidenceand practcal analysiss a result of
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undertaking this thesid)as most definitely improved my management of all my athletes. That is
not only for groin and hip problems, but many other injuries or potential injuisesh as

hamstring strain, ACL strain etopy beprevented by therecognition and consequential
management of these importamhuscles. 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 andost importantly, when sharing this valuable information with clinicians.

Gluteus Maximus

Slide49

Gluteus Maximus
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Slide50

Re-activating the gluteal muscles will re-establish correct muscle
recruitment patterns and enhance strength and performance.
The gluteus maximus is the strongest muscle of the body and has
a multi-tasking function. This muscle is able to combine a local

stabiliser, global stabiliser and global mobiliser role.

Slide51

Gluteus Maximus

Upper GMax = Abduction (lateral rotation)

Lower Gmax = Hip Extension (lateral rotation)

Multi tasking Function

1ala in nrIng. Tha J of Expanmental Biclogy, 2006
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Maintains upright position
External Rot and Extend the hip joint

Extends flexed thigh

Co-contraction of the GMax with the Psoas Major
contributes to lumbo-sacral stabilisation

Acts with ES to control Flexion of the trunk

Supports extended knee through the ITB

us and its role in running. The J of Expenmental Biclogy. 2008

As sgcifically explained in Slidd® to 52, Gluteus Maximus is the strongest muscle in the body
andhas amulti-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 ilictibial band. It also acts with the erector spinae musclesotatiol| flexion of the
trunk, as well as its eoontraction with the psoas major muscle contributes to lundacral
stabilisation.Thus therole of theGluteus Maximusis important for the biomechanics of the
pelvic region, as well as the consequential efffen the entire kinetic chaifLiebermann2006)
This rolehas largely been underestimatechen analysing movement patterngarticularly
regarding the different roles of various componentgGiiteusMaximus(Lieberman et a).
2006).Thedistinctregions of Gluteus siximusappear 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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Long Head fotibial Tract

(Bered, (TH)
Biceps Femons

Semymembranosus

Patela

Glut Max:The more superficial fibres insert into the ITB

Slide 53 shows the different originstbe 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 functiosaiparation of Upper [@BteusMaxmusand
LowerGuteusMaximusand the similarities of the pper Gluteus Maximus and Tensor
Fascia La® both superficiahbductors appearing to maintain their size around the affected
hip in spite of any malfunction. Thisowid suggest that the 2 components need to be
assessed independently with specific rehabilitation provided for each part of the masales
hasbeen partof my approach with my athletes over these past years.

With this multifaceted functionalityand theinterdependence of th&inetic chain

particularly thepelvic area and lowdmmb on the correct strength and performance of the
Gluteus Maximus (as well as oth@luteal muscles}ihere is no doubt that targeting this
musclecan have a major impact @revention strategiesOne has to consider that

in this age, people are sitting for a large percentage efrtday and thereby lengthening

and thus potentially weakening thd@eusMaximusmusclein specific ranges, which may
impact on their performanceén sport. This may then place extra pressure on the hamstrings
and the laver lumbar spine. With more studies being produced and conferences

highlighting the major role the Gluteii play in human movemetihiciangincluding
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myself)have becomemore awareof the absolutamportance of GuteusMaximus,
particularly in the athletidomain(Andersen et al., 20184cCurdy et al., 2018; Neto et al.,
2019).This has been one of the major factors that has improved my rehabilitation protocols

(plus preventiorstrategies) and | have shared the positive outcome at all my presentations.

Gluteus Mediud Gluteus Minmus / Tensor Fascia Latae

As with GuteusMaxmus, GuteusMedius, QuteusMinimusand ensorFascialataeare critical
for stability and control ofmovement and are mostnportant in the sports withdifferent

demands on the femorpelvicalignment(Retchford et al., 2013).

Slide54

Groin Pain:

Gluteus Medius

1) Gitos mact lesersd satatcre, pastacior view

p Phys Th 2008 Graham et &, (Ght Med and AL) BJSM 2010, Connell 2011
| Skelet Radiclog 2013; Wiataker et al J of Crthopaedic and Sp Phys Th 2013
Syndrome; Youdas et &, J of Sp Rehab 2014 (Gha Mac and Medus activation)

Slide 55

Gluteus Medius Ateributes
il il Gluteus Medius Muscle
Acpon; Contraction of the Gluteus Medus produces:
Abducticn of the thigh 2t the hip
Medial Rotation of the thigh (anterior fibers)

Synergistic Muscle(s)
Abduction: Gluteus Minimus, Tensor Fascae
Late -

Medial Rocation: Ghuteus Minimus, Tensor L%
Fasciae Late %

"
N
Antagonistic Muscle(s)
3,

Abduction: Adductor Magnus
Mudial Rotation; Piriformis, Gliteus Maximes
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The role of GuteusMediusand Minimusis very significant for pelvic stability and movement and
its relationshipwith synergist and antagonistic muscles should be considered when managing
athletes Ebert et al., 2018Neumann 2010;Reiman et al., 2094Slides54 and 55)This factor

has been neglected in the pasfly understanding of the integrable played myGuteus Medius
and Minimusin all body movemerghas developedver these past years and thus helowed

me to have a far more effective management in my climcattice. Trs isnot onlywith groin

and hip pathologiesbut mostof 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

clinicianslt is enlightening to see the inceasing studies on Gluteal muscles over these past years.

dide 56

b) Gluteus Medius

F.GOTTSCHALK, 5. KOUROSH AND B LEVEAU

Fig 1 Schemuaix draving of the three purts of ghutoun modun. The disection of the msche Bhoos of
cach part determmines the bre of pell of thal mdiadeal sogrent

13, Whitakar et ol J of Orthopeedic and Sp Phiys Th 2013, Matinez Rodnguez, ot o. 2013
| 2014 (Glut Mce and Madius activation} Allson a1 ol (2014) Lee ot o 2014 Dictanch ot & (201!
[ Ghiieus Madius Muzcle Sagments - An Elsctromyograsty Study, 2010
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{tARS pr

P | Posterior fibres: Parallel with neck of femur:
Stabiise hip joint of stance leg during stance phase.
Compressicn. Approx head of femur into socket
.\ ~ Shight Hip externally rotate.
et LN 4 Y |
Middle fibres: Vertical: Inttiate Hip Abduction-completed by TFL.
Works synergically with TFL to stabikise pelvis on femur by preventing cther side from dropping.

al. 1989; O’ Sulivan 2010

a4 aKz2gyap eyl yRARBY GKSNB I NB Of SI NID® lidi aROKT F NS
SUD I d MRBYWRY & 0 NI G SR alSKN &K SyRGIEKNIFR2INNHMR [dS a4 GKS 0:
Y2 OIS¥ R ré&iterated by Grimaldi (2017 However, there is a lack of evidence to identify

which exercises besictivatethe different partsQuteus Medius (Grimaldi, 2017). This will be

discussedurther in the rehabilitation chapter.

~

{f pRS

Figure 3 Becirode placements for the posterioe, imiddle and s
Terhor subidivisions of ghutess medius ¥ ks e Lndmass wie )

cd

[Rehabiltation, Therapy & Technalogy 2010,
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O'Sullivan et al2010) confirmed that the anatomically separate entities also function
independently. They demonstratedhe differentfunctionsof each part of the (Gaiteus Medius

FyR 02y Of diRSARIzGEKA NI YYKGK yAAY o5 ¢ a®@ ARBRBKNESY Ay ¢
GKS LINAYFNE FdzyOlAzy 2F O0Il-6ENVDRYIaERENHFERRS 6 SA
gt XYVASIRMEHE NBaALRyaAotS T2NIJ (iKSAya dlr oSk  AyaAr GOAAL 25y
0KS 3IIThad npRRE S d2iESIWMdrk 2 O02YLINBaa (GK8KKBSIR 27
I OSG 0 dzf dzY R d@lilesRh Y¥2P&iYSy@dly SiG |t d onnmnld Oy
tKFNRYUG LRNIAZ2Y 602 F I DR &2k DdzE i/ &R & Dekakdt SAND vz a¢i + Ol /
Fdzt £ &aidlyOS LKFIaAaS IyR aay3atsS S3 adzlll2 NI LIKIF & S
CdzNIi KSNE | yfehdisnDNIluteils MEdd$ andi Gluteus Minimus muscles isrgdce

control of hip adduction during singleg loading taskAllison et al., 2018As the Glutus

Maximusis a primary external rotator of the femur with the leg in neutral position, hip

abduction with extension reduces the GdusMaximusrole as an external rotator and thus

emphasizes the posterior fibres of the GlusMedius. Though currently rarely targeted in a

rehabilitation protocol, the posterior fibres of th@luteusMediusare unique and contribute to

overall performance of the oscle. Strengthening of th@luttusMediusimproves lower

extremity power, reduces future risk in the uninjured athlete, and improves rehabilitation in the

injured athlete (Grimaldi 2015).

I tAY¥OKRy &2 Idifferent éndisBes With Segards to stability gait and thereafter
careful consideration and specific examinatglrouldensure that prescribed rehabilitation is

targeted at specific muscle dysfunctioii$is will k2 followed upin Chapters - Tests

¢CKdzdA Y& RSAaANB (2 aKIFINB Fff (GKA&a aySgfteé NBO2:



tensor
fascia latae

gluteus
maximus

ilotibial
band (ITB)

site of
inflammation
over lateral

epicondyle

The EnsorFascialataeworks in conjunctiowith the GuteusMaximus, QuteusMediusand
GuteusMinimusin a wide variety of hip movements including flexion, abduction, and internal

rotation (Trammell and Pilso2019 (Slide 59)! @S NEB2 MIVILYy i FI OG2NJ 6 KA OK A a
Y2NBE NBOSWIORBYTSNSYOSHNE CRADAKA IV ANBSOF il k 8S Ay
Aaz2fl GSR EKEAN)I BEEROOGKRY Df dziil Sdzd @aNFRRA dzidR AlZy RISINEE A2
O2 YYdzy A DI & i 2 §ABthoughtS y & 2 NJ C I isindtigénerdlly cbrisiSered a

posterior pelvic muscle, it is important to the glutealisclegroup because of its contribution to

abduction. Further,like the GuteusMediusand GuteusMinimus itacts@A I G KS At A2 3G A0 A
attachment to the tibia to assist in knee flexion and lateral rotation. ¢ &4 2 NJ Cligt OA [ |
most importart clinically for assisting in pelvis sthtyi while standing and walkingn my

practice, as with most clinicians, | have not realised the implications as mentioned. Thus | now

understand the precise strengthening of Gluteus Medamnpared with Tensor Fascia Latae.

The implications of dficits in hip abductor muscle morphology, strength, activation patterns and
functional control of the pelvis on the femur have besssociated wittother pathologies e.g.
osteaarthritis of the hip(Arokosk et al., 2002Grimaldi et al., 200S5ims et al., 2002pedial
compartment tibiefemoral OA (Chang et al., 200patellofemoral joint pain (Cowan et al.,

2009; Mascal et al., 2003), iliotibial heyndrome (Fairclough et aQ07; Fredericsost al.,

2005) andow back pair{Cooper et al.2016 Marshall et al.2017).
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Thus, & clinicians, we need to understand the difference between the basic anatomical function
and the possible madaptations that can occur when there is weakness or a pathology which
may affect joints and muscles along the entire kinetic chllis lack ofinderstanding may

relate to lack of precise educatipas well as sufficient analysis and implementation in our
clinical practiceln addition, the basic muscle actions determined from anatomical attachment
are far more complex and can change relativeviightbearing status or rangeTheongoing
activation of hip musclesnay play an important role in augmenting the stability in the normal

and the passively unstabtep.

Conclusiorc Gluteimuscles and énsorFascialatae

| believe that this section @ne of the most impomnt aspects of my presentatiorss it is the
basis for prevention and rehabilitation of all athletes with groin and hip pesrstated, |
personally have learnt a great deal regarding the relevance and permutations of the indlividua
Gluteal musclesn the journey of writing up thiBrofessional Doctoral thesisbelieve that |
KIgS O2yiNROGdzi SR Y2NB adz00SaafdzZ fe G2 Yeé | GKf S
assistance to all my Anterior Crucidigamentreconstructionpatients who have benefited by
strengthening the Gluteus Medius and Minimus muscles). | now specifically perform Glutei
muscle prevention strategies based on this acquired information. Gengradke clinicians have
alsoidentified the importance of th&Jutei muscles and their role in the kinetic chain.

Essatially, | would advise certaiexercises fothese muscleso be done by all athletes as a
matter of courseandasa prevention strategyMy approach now differs to my previous
management and | seerauch more posivve outcome amongst my patients with groin and/or

hip pain.



3b iv.Hip Anatomy:Hip Rotator Muscles

Slide60

<. Gemellus inferior
Obturatorius externus

Slide 60 explains that local hip musclgsgdratus femoris, [BteusMinimus gemelli, obturator
internus and externusliocapsularis and the deep fibres of iliopspaather than globamuscles
provide subtle joint compression and therelayit translationof the hip and augments stability
(Grimaldj 2015) Interventions aimed at restoring isolated neuromuscular functobthe

primary hip stabilisers may be considered when treating people with passive hip instability prior

to commencing global muscle rehabilitation.

Awarenes®of anypathology that may compromise the passive stability of ifgjoint e.g.
acetabuladabral injury which may lead to increased femoral head translation, greater joint
contact pressures and ultimatetize possibility oidegenerativehip diseasesuch as hip

acetabular lesiongs essential.

There may behanges in the muscle morphology anolthe hip and the pelvic region when
there areany abnormal or degenerative structural chang@simaldi et al.2009. As weare

aware, there are many asymptomastructuralchanges in the hip and around the pubic area in
Premier Leaguefootballers(Lovell et al.2006). This is apparent from my work with theeier
Leagueover the past years and has been stated many times at groin and hip conferences e.g.

Griffin (Arsenal Conference, London, United Kingd@601,6).This increased uptake around the
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pubic joint is as a result of load and | now understand that it isvecessarilya pathology,
although one should be aware of a possible pathological outcome if excessive load continues.
CKAA KlFla aKAFAISR Yeé GKAY A ytIdzoFANReY  T2AFSLINING SHA (R A2

excessive bone marrow oedema is noted.

The study byGrumet et al. (2010jeviewed the relevant anatomy and pathophysiology of the
lateral hip. They recommended a systatic approacho assessment that includes the
differential diagnosis of referred paiand systemic illness. MRI may be helpful to rule out soft

tissue pathology, such as tears of the gluteus insertion on the greater trochanter.

3bv. Hip Anatomy:Hip Joint

The human hip joint withstands high contact forces duraajly activity and is therefore

susceptible to injury and structural deterioration over tirf@orrea et al., 2010).

Slide61

2| Daimau-Pastor et al. Aspetar Journal 2014

Miquel DalmauPastor et al(2014) explains the hip anatomy in a concise and applicable manner
(Slide6l). Hip jointpathology is one of the maicausef groin painbut wasnot necessarily
highlightedin earlier studiegHolmichet al., 1999)As showrby Rankin et al. (2015), hip joint
pathology was the leadg cause of groin pain a review of 894 casesxdwasmost likely

related to FAI, labiaears, and osteoarthritis. They hypothesised that thpaéhologies seem to
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be associated with secondary breskvn of surrounding structures, although underpinning

mechanisms remaionclear.

The capsule of the hip joins an important stabiliser of the jointln addition tothe 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 capsuie The iliecfemoral

and pubefemoral ligaments and the zona orbicularis are found in the anterior region of the hip
joint, whereas the ischibemoral ligament is located in the posterior regiohe ilicfemoral
ligament is the largest and thickest of the threapsular ligaments and one of the strongest
ligaments in the human bodyFurthermore the hip contains an intrarticular ligament, the
Ligamentum @res However, here isongoing debate regarding the specifstructure and
function of the hip ligamentsAlthough their exact role in stability may not be clear, their
importance in stability is undisputed.

From an anatomical point of viewt is important to note that the capsular ligaments of thip
provide more hip rotational restraint than the acetabular labrum andltigamentum @&res
(VanArkel et al, 2015).

3b vi. Hip Anatomy:Ligamentum Teres

Slide62

Ligamentum Teres

Figure 10 Lateral view of an
ostecarticular dissection of a
dislocated right hip joint showing
the anatomy of the ligamentum
teres. 1 wligamentum teres, 2efoven
capitis, 3=lunate anticular surlace,
A=acetabudar 0 Cotylold 10550 with
puings, S=acetabular Labrum

6 0 acetabotar ligar

Tmacetabolar capsde insertion

(cut), B=ternoral capsule insertion
(eut), S=pubsc symphisis, 10=pabic
tubarche, 1 1=ischial tubsrosity (Figure
copyright ©Pau Goland 2014)

el Daimau-Pastor et al. Aspetar Journal 2014
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The ligamentum Teresr ligamentum capitis femoris an intraarticular ligament thaattaches
the femoral head to the acetabulugslide ). Rupture of the Ligamentum Teresccurs usually
with dislocationof the hip joint, although rupture maylso occur in a twisting injury. A
relationship between micranstability of the hip and abnormalities of thegamentum Teres
have been described as a furthdifferential diagnosiso be considered witlip pain (Dalmau

Pastor, 2014).

Studies regarding the functionality of tthégamentum Terekave been described by a number of
authors Kivlan et al., 2013Viartin et al., 2012; Perumal et al., 2016) with considerable
inconsistency in the naming and description of thgamentum Teresorphology.The

Ligamentum TereBasbeen shevn 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 aredsllowing damage to théigamentum Terelsgament
(Sarbaret al., 2007)This factor should be considered when an asymptomatgamentum Teres
tear is shown on a precreening investigatiorAs well as its potential role in hip stability, Gray
and Villar (1997) suggested a possible role forltigmmentum Terem synovial fluid circulation.

However, there is a paucity of evidence supporting theory.

TheLigamentum Terekas traditionally been viewed as an embryonic remnant with no role in
the biomechanics or vasculariof adult hips. However, i$ a strong intraarticular ligament that

is anatomically and biochemically similar to theexior cruciate ligamenbf the knee and is an
important stabilizer of the hip, particularly in adduction, flexion, and external rotaiibith is a
common movemat in a number of sportsA classification foL.igamentum Teretearshas been

of great value for meaningfawareness of thelisorders especially akigamentum Teretears
were found to be correlated to larger labral tears and to higgexde acetabulachondral
damage(Cerezal etl., 2010and Gray and Villarl997). These 2 injuries would have a significant
impact on hip stability.

The importance of th&igamentum Tereand its possible connection to patients with FAI and
labral pathdogy was highlightetdy Chahla et al. (2016). They stated thsdlated cam or
isolated pincer were seen more often in hips with tdiigamentum Terethan in hips with
normalLigamentum Tere®lthough complete tears of this ligamewere rare, they were

associated with hip laxity and chondral defects of the femoral h&ad would have implications



for hip and pelvis stabilitfMayes et al. (2016)ote that there was aigher frequency of

Ligamentum Teretears inprofessional balletlancers (5%6)compared with athletes (220).

This hgher frequency of atraumatiears inthesedancers suggests that thegamentum Teres

might be abnormally loaded in ballet, and one should beticag when evaluating MR, as these
tears may be asymptomati€onverset an asymptomatitigamentum Teretear may cause

resultant hip instability which may underpin further hip or groin pathologys should be born

in mind when managing any sports with similar loading e.g. ice hockey and gymnalgimsgh

the identificaion of this Ligametum Teres tear is the role of the Specialist, as a physio, | am
acutely aware of these discrepancies and work closely with the Specialist to identify the possible

disruption caused by the ligament tear.

Slide63

Ligamentum Teres \

Numerous similarities to ACL
- The use of surgical procedures that sacrifice the LT as in surgical

dislocation of the hip should be carefully considered (sardakos and Vitar 2009)

., AJSM 2011. Tears of the Ligamentum Teres: Prevalence in Hip

Treatment of thesdesions are now evolving with more caution regarding surgical procedures
(Cerezal et al2010andWenger et al.2008). Philippon et al. (2012) raffirmed the importance
of the Ligamentum Tereand stated thathe traditional viewthat Ligamentum Teredid not
contribute to mechanicaktabilitywas changingand clinical procedures were aimed at
preserving the ligamer(Slide 63. Even with aupture of this ligamentwhich may cause
symptomatic hip instability during athletic activities, they undert@kathroscopic
reconstruction of theLigamentum Teressing iliotibial band autograft in an attempt to restore

this static stability
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To date, the proposed mechanisms of injury to thgamentum Teresomprise traumatic injury,

jatrogenicA y 2dzNE adzadl Ay SR RdzNAy 3 2LISy &adzNBAOFE RAA
associated with hyperlaxitypomb et al. (2013)eviewed the relationship dfigamentum Teres

tears with acetabular morphology and its significaaod found that the preence of thesdears

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-enderage
andLigamentum Teretears and whethethesetearsmay be a sign of micrmstability of the

hip.

The importance oLigamentum Terewas further confirmed with studies aek et al(2018);
Bardakosand Villar (2009); Botser et al(2011); Byrd and Jone$2004); de SA et ak2014);
O'Donnel) (2014); Park et al. (2019) arf@orthoset al. (2015)

3b vii. Hip Anatomy:Acetabular Labrum

The acetabular labrum is a sdissue structure which lines the acetabular rim of the hip joint. Its
role in hip joint biomechanics and joint health has beeparticular 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 ferhora
head is further regrded ascontributing to hip stability through its suction effect. The labrum

itself is also important in increasing contact area thereby reducing contact ¢Beaset al.,

2017).



Side 64

» The acetabular labrum providing a secondary stabilizing role.

» The lliofemoral ligt significant role in limiting ext rot and ant

translation of the femur.

Excessive removal of either can be detrimental (e etal, 2011)

Examinabon of acetabular labral tear. a cortinued dagnostic challanga. BUSM
iy hip morphology affect the outcome of treatment for patients with
r baseline assessment. BJSM 2014; Dwyer, M, K, ot al, 2014

Joint position was shown to strongly affect the seafumgction of the labrum and was

attributable to the distance between the labrum and femoral head in certain positibhgs

altering the relationship between the labrum and femoral head may disrupt the sealing ability of
the labrum, potentially leaving thpint at risk for pathological changes with tini@wyer et al.
2014)(Slide 63 Thiswas shown clearlipy Ollivier et al. (2014yhereby they demonstrated that

the morphological ariations of the mieportion of the labrum during hipnotion reflected

strains passing from thiabrumto the femoral head. Those elements may provide clues to
understand the mechanical role of th@brumduring abductionThus | concur with Ollivier et al.
(2017) who states thabne should consider that resecting thg's labrumduring surgery might

be detrimental forhip joint's bomechanics, as it might cause strdistribution between the

acetabulum and femur.
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Slide65

Labral Inpury: Mechanisms

Dr Alison Grimaldi

Slide66

Labeal Injury: imphications

Places abnormal load

\ - kv
I

Contact stresses
\4‘ - 90% higher
o 4

\ Shear stresses
27-38% high

Ferguson et & 3000)

Sides 65 and 6alemonstrates the presentation bgrimaldi(PhysioUKL.ondon, UK. 20)%ho
clearlyexplained thenumber of mechanismthat can lead to labral inyiesand theresultant

stresses imposed on the hjpint. The problem for clinicians is determining when these labral
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injuriesbecome gmptomaticand whether one needs to interme to prevent any problems. It
has always been my clinical objective to screen for these fautitinsthe use of a battery of tests
and where possible to provide prehabilitation, as evidence regarding the clinical implications
has not been forthcomindJnderstanding the anatomy of the labrum has led me to consider
these findings seriously and to intervene with preventative rehabilitaiershown in Chapter

11.

Mayes et al. (2016) identifiealsymptomaticabral tears in 51% of all 196 hips of thieailet
participants. Tie prevalence of labral tears in male and female ballet dancers was similar to that
of a sporting populationFurther, they highlighted that labral tears were not associated with
clinical findings but were related to cartilage defeckfius 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 teginen a labral tear is discovered on a pre
signing / screening protocol, ¢hclinicians must be aware of these permutais and strengthen

the hip and adjoiningnuscles accordinglp prevent any further damagé.he deb&e continues
regardingconservativeor surgical managementbelievein the positive outcome of

conservative teatmentand thus implementonservative exerciseghich | believenakesa
considerable difference in potential or curremip and groin pain.

The clinician should also take intonsideration the required hypeftexible hip in certain sports

e.g. thedancer and the gymnasBecause 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 botllthough dysplastic morphology was common @ilb

sexes, it was somewhat more prevalent in femg&eber et al., 2015)

Conclusion: Hip Anatomy

Hip pain commonly seen in active individuails one of the leading causes of pain and disability
and is the second most common causdoter limb musaloskeletal pain, (Kemp et al., 2019).
The role of the Ip rotator musclesandthe acetabular dbrumcannot be underestimatedilso,
abnormalities of theLigamentum Tereaccount for 4% 15% of sportselated injuries and

should be considered in thdifferential diagnosis of patients with hip pain believe that a
analysisand interaction with the Specialist fpossiblerequiredsurgery for these hip
pathologies may be instrumental in good clinical managemeéhis is a key component in my

approachfor management of groin and hip pain.



Thehip is a joint that can be affected by high number of pathologies, either-antiiaular or
extra-articular and ecognition that hip pathology ceproduce groin pain is requirddr the

accurate diagnosis of higr groin related paintlhas become increasingly clear that unless a
thorough understanding of the hip anatonwpth structural and functionalwith all the relevant
consequences of various activities on the structures$ully comprehended, a suitable

prevention and management strategy is not possibléhere this insight has previolysbeen
underestimated, as the progresses tre are increasingumber ofhip conferencesvith good
interactionand a better understanding of the hip and all the permutationslved 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, | reverted to the more geneis#d hip and groin for this thesithis has been

productive in my management of my sportsmen and womesit has given mebetter

overview of the entire pelvic regiohis has also led to more informative and helpful

presentations that | have been gig to my colleagues.

3b vii. Transverse Abdominus

Slide67

Other areas

obligs
exteenal nng
of ingunad
andl

ib) External obligue musde showing common site of
fleas

(<] Transversa abdomints muscle showing common
sie of tears
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Another muscle whicimay be important witHongstanding adductionrelated groin pain is the
Transverse Abdominuauscle(Cowan et al.2004 Jansen et al2010) (Slide 6/ TheTransverse
Abdominuss the deepest lateral muscie the anterolateral abdominal wall, lying deep to both
the internal oblique and external oblique, on either side of the rectus abdonitrosiginates
from the inguinal ligament, pelvisumbar fascia ahlower ribs. Its parallebriented fibres run
medially and insert on an aponeurosis connecting to thedialba and pelvic crest, thus the
importance to the entire kinetic chain. Any weakness or injury to this musalebe a risk factor
for acute andrecurrent groin injury and may be another consideration for rehabilitation and

prevention oflongstanding adductionrelated groin pain

3b ix Rectus Abdominus

The action of the &tusAbdominusis to produce flexion of the lumbar spine atadact in
opposition to the erector spinae musclaad thus ismportant for postural stability Knowledge
of the interconnectedness with the adductors at the insertion is crucial for management in
certain sports and specific movemen#sccording toOrso et al. (199), the incidence of rectus
adductor strain would be around 2%- 3% andoccurs mostly in sports like soccer, hockey,
rugby, skating, fencing, running, cross country skiing and baskéHzaljanen et 3/12011).
Valent et al. (2012) discussinsertionaltendinopathy of the addators and rectus abdominis

and state that this is common in male athletes, especialiouter 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. Histbrjthls was felt to be
symptomatic inguinal canal insufficiency without true herniation, and treatmentlvesed on
standard hernia repaifEmblom et al., 2018). | have now become more cognisant aéxtreme

movementsoften required in a specific spoaindthe consequentiamuscle strength required



3b x Pyramidalis

Slide68

» The pyramidalis muscle of . :
the abdomen is a small and Pyramldalls
triangular muscle, anterior
to the rectus abdominis,
and contained in the rectus
sheath.

7 Itis absent in 20% of
humans and when absent
the lower end of the rectus
then becomes
proportionately increased
in size. |

; ; : roans S
Anatomical studies suggest Sgament - SSAg !
that the forces generated
by the pyramidalis muscles
are relatively small

tensing the linea alba

The paired pyramidalis muscles are small triangsglaped muscles that lie between the
anterior surface of the &tusAbdominusand the posterior surface of the rectus shed8lide

68). The precise function of pyramidalis musakesnclear, but together the muscles are thought
to tense the linea alba. The muscles are not always presantye unilateral, and vary greatly in
siz. The estimated forces generated blyis muscle are relatively sméllovering and\nderson
2008).
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Side 69

The importanceof the pyramidalis muscle haselkn highlighted by Schilder@{ip and Groin
Conference, Doha, 20143lide 69) Thereafter heexplained the new anatomical concepttbke
pyramidalisanterior pubic ligametiadductor longus compleand itsinvolvement inadductor
injuries(Schilders et al., 2017). They explained that this relativelyurelerstandingof these
anatomical relationsips should be employed to aid in image interpretation and treatment
planning with proximal adductavulsionsThis again highlights thelevance otlinicians

constantly updating their knowledga order to enhance their management of the athletes.

3b xi. Psoas and Quadratus Lumborum

The psoas muscle is among the most significant muscles that atedigertebral column. At its

distal end, it combines with the iliacus muscle to form the iliopsoas muscle. The deeper segment
of the muscle originates fra 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 ritiscle.

common tendorattaches 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 s{@esadi 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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Hides et al | (P=soas and QL) BISM 2010; Phipon et 3. AISM 2014

The iliopsoasnuscles arghe strongest of thenip flexors(others arerectus femorissartorius
andtensor fasciae latgeand aremportant for standing walking andrunning (Anderson2016)

This was explainei ballet dancerswhere pain will reduce the increased size of the-psoas
muscleand thus may cause change in movement patterns and possible resultant groin or hip
pathologiesEmery et al., 2019).believe that the llipsoas muscle area very significanpart of

body movementparticularly in the sporting world such as football or cricket fast bowling. Thus |
have highlighted this in my presentations and even request that my attendees stand up and do
the hip flexion test (as explained in the Chaptey Assessment)t is thus interestingd note

how weak so many of themre. This brings home the message to them of the importance of the

functionality of these muscles.
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Slide 71

Psoas - hip flexor or LPHC stabilizer

Central cable within the dynamic core cylinder -
particularly well suited to preventing shear/
translation

Lumbar Spine Stabilization:

Most likely to provide Axial Compression
And is therefore an important Lumbar Stabilizer

Hip Stabilization:

Stabilizes and centres the Femoral head in
acetabulum., resisting translation and providing a
stable axis of rotation

Maximize efficiency of other hip flexors

PROAS

S = Sh Bogduk et al, 1992,;
eg Supraspinatus at Bogduk, 1997, Richardson,
1959, McGlll 2007

ld 2R8aBGRA/OAWES OS oOal & explaneddhE impoNance kKfiihpsoas

musclein its stabilising role arountthe Lumbo-Pelvic Hip Complex as shown clearly in Slide 71

Hides et al. (201GJescribed the Psoas and Quadratusnborummuscle asymmetry among
elite Australian Football League play€else fact thd the cross sectional areaf the psoas
muscle was significantly greater ipsilateral to the kicking leg, whilernbes sectional areaf the
Quadratus Lumborurwas significantl greater on the side contralateral to the kicking Veas
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 considétields et al. (202)7also
highlighted thedecreasedsize of the multifidus muscle as being a predictive factofdaer

limb injury in both the preseason angblaying seasorl.think itwould be useful if these factors
were taken into consideration when considering appropriate preventind rehabilitation
strategies in athletes with groin and hip pandare 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 anat of these muscles and promote

a specific strengthening and stretching protocol, as well as a prevention strategy by analysing

anyabnormalities preseason where possibléAlthough ths strategy sounds feasible, there is



continued conflict in elite spts, 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

adlj dZk OE ¢ 42 tKdzihS2 yAd Sy G KS YSRAOFE &dGlFFF- Ay St A
FTAES Ad y20 GKS yasSNI G2 INRAY YR KALI LINROf €

3bxii. Pectineus /Piriformis

Slide72

Hip stabilising muscles

Pinformis

Clinical Relevance: The findings incicate that t ectinews and pinformis function as hip-stabilring muscies
specfically address pectineus and pirformis mu Tyt The authocs bl sha -~ hg and condlioning of
these muscles should ald in the restoration of hip function and stability after injury or arthroscopic surgery.

and Piriformes Muscles Dunng Hip Rehabilitabon Exercises
m &t al AJSM 2012

Giphart et al. (2012) discussed tbknical relevance of the pectineasid the piriformis musclen
hip and groin pairSlide72). The pectineus has been reported to function primarily as a hip
flexor and secondarily ashap internal rotator and the piriformis muscle has been reported to
function as an abductor and external rotator of the hip. ifffiedings indicated that the
pectineus and piriformis function as kgpabilizing muscles and suggest that strengthening and
conditioning of these muscles could aid in the restoration of hiptioncand stability after injury
or arthroscopic surgerylhis knowledge has led me to-esaluate and improve my approach for

management.
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Piriformis muscle
Superior gluteal n above

Sciatic n below

An understanding of the piriformis muscle andthe@b f £ SR at ANRAF2NXYA & adza Of

essentialfor clinicians (Slide J3Although Michel et al. (2013uggested a spasiype pain in

which the sciatic nerve becomes compressed in the infra piriformis canal causingtypiatic
pain,in a commentary respons@alamar et al.2015) stated that piriforris 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 pirifors muscle.

From my experience, | have found that many athletes such as runners, have very tight piriformis
muscles which leads to potential reatlaptations such as tight external hip rotators and possible

subsequent hamstring problems.

This demonstrateshe complexity and importance of stability of the pelvic girdle during all

activitiesand an understanding of this intricate anatomical functionality is imperative
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3b xii. Pelvic Floor

Slide74

Pelvic Floor l

pubevaginalis m.

~-puborectalis m.

iliococeygeus m

\
e __—oblurater
7 internus m.

_.amecoccygenl
raphe

erpiriformis
TCeccyYgeus m

sacrum

#i Reinan 2010, Or Ruth Lovegraven-Jones 2011,
et ol (Rechus Femoris) BJSH 2012

A presentatiorby Dr Ruth LovegraveioneqFootballAssociation Medical Societiyondon, UK.
2011)highlighted the involvement of the pelvis floor as a possible cause of groin pain, although
not common(Slide 74)Acasestudy by Podschun et al. (2013) demonstratiee

interdependence of lumbgelvic and laver extremity kinematics in complaints of hamstring,
posterior thigh and pelvic floor disorders.i$lshows tle need to consider a regional
interdependence of the pelvic floor and lowenayter when treating athleteand has had

positive impact on my approadb groin / hip and possible related problems

3b xv. Fascia.

Fasciaand its relation to the low back, pelvis and the entire kinetic chaia,basic and often
underestimatedconcept in medicine. The relevance of mutual interactions in relation to the low
back and pelvis, as well as the entkiaetic chain has been undervalued, particularly with groin

and hip managemeniVhen | trained in England in the early 1970s, speoiltssue massage

of muscles and fascia was basic management of many pathologies (or for prevention strategies).
With the development of electriand technologicaéquipment, this was often sparingly used.

Now functionality of fascia along the entire ktitechainis slowly being recognised
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| Anatomy

The Functional Lines

Fasciaalso known as dese irregular connective tissufgrms a truecontinuity throughout our
whole body(Slice 795. Fascia has been shown to be an importemntributor to posture and
movement organizatiomnd is densely innervated byiechanoreceptors anchere are strong
links between fascia and the autonomic nervous systgmnch effect fascial tonus and local
tissueviscosity (Schleip et al., 201B)owever, compared witinuscles, 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 hipBetailed anatomicadlescription of &sciahas been
highlighted in a number of stuels Barker et al.2014 Findley et al.2012 VIeeming et al., 1995;
Willard et al, 2012;Zugel et al., 2018)
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dide 76

The Functional Lines

é) Posterior obliqué

1) Anterior oblique

4) Lateral

Thoracolumbar
fascia
Latissimus External

dorsi Gluteus Obligues
maximus

The fascia forms functional lines and a clear understanding of each functional line and the role
that it plays in human movement isquired(Slides 76 and 77)The interconnectedness of upper
extremity to the lower extremity is directly through the pelvic fas@iaus fascia itself may be an
important factor in maintenance of joint stability and should be taken into consideratidime
assessmenand managemenof the groin and hipparticularly with athletes (Willard et al.,

2012) In aConsensus statement it wasghlighted that &scialtissuesdeserve more detailed

attention in the field ofsports medicineA better understanding of theadaptationdynamics ¢
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mechanical loading as well as to biochemical conditions promises valuable

improvementsin terms ofinjury prevention, athletic performance angportsrelated

rehabilitation (Zugel et al., 2018)vhile the implications of this with respect to hip and groi
pain are not clear, knowledge of thee$ascial lines requiresonsideration when assessing
patientsand possibly should also be linked with the previous discussion about the role of the

GluteusMaximusmuscle 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 asdifferent structures that carrefer pain

around this area.The groin region, including the hipind, 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 andgmvide a stable base in weightaring
activities,as well asnteraction ofall movementgBrukner and Kahn, 2017As shown in this
chapter on anatomyvhich includes joints, muscldggamentsand fasciathe complexityand
understandingof the hip and groin anatomig the basis of all correct managemeAtchalénge

here insynergiesmearsthat as one muscle fails anothtakes over to ensure functioh a y Q (i
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 biomechesiof the hip and groin muscles which will be

discussed in more detail in Chapter 4.



Chapter 4- Functional Anatomy Biomechanics

4a. BiomechanicsBackground

Slide78

Anatomy ‘

Biomechanics

Biomechanics refers to the description, detailed analysis and assessshéntnan

movement during both movement and sport in order to minimise the risk of injury and
improve sports performancéSlide 78) Broadly, biomechanics can be broken into 3
categories, including kinematics, kinetics and neuorotor control. Essentially
biomechanical evaluation should be completed based on task specificity, bearing in mind
that each individual has their own individual mechanical makedue to specific anatomical
characteristic§Brukner and Kahr2017) Thus an irdepth knowledge oftructurd and
functional anatomy(as perthe preceding chaptgr as well as informed analysis of static and
dynamic movements for each situation, is imperative for clinicians. Physiotherapists,
biokineticists, athlete trainers and strength and cotaining specialists requiréhis

knowledge to enhance the assessment amthabilitation of the athleteThe role of
biomechanical analysis in sports refidahtion haschanged duringhe course of my career and

movement analysibas become a key component in mgproachas a clinician and an educator.
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4ai. Generat Posture

Slide79

Biomechanics

‘ Posture \

SLLLOPOT WEdHE

Acetabular Coverage. Henebry and Gaskill, AJSM 2013,

gait. Lewts and Sahrmann, Gait Posture 2010, Walking in greater

A 10 degree increase in anterior pelvic tilt, resulted in a
significant loss of 6-9 degrees of hip internal rotation and
increase in FAl. This increase in anterior pelvic also resulted in a

loss of 10 degrees of hip flexion.

Subsequently, an increase in posterior pelvic tilt resulted in
greater hip internal rotation, less impingement, and more hip

flexion.

Clinical Implications
Assessment of hip ROM should take pelvic position into consideration.

FAl symptoms may be reduced by decreasing anterior pelvic tilt.

People with limited hip internal rotation or hip flexion may have too much anterior

pelvic tilt. This is a fundamental principle

2yt & Y2NB ONB/@S yirRiAE/ 13D &rela
Sya INB 2FGSy NBfIFGSR{EA
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As demonstrated by the evaluation cddaveric hemipelvisg$ male, 2 female), there wasl@-

degree increase in pelvic tilt resultsaross of 69 degreef hip internal rotation andin

increase in FAI (hipnpingement). This increase in anterior peluitcalso resulted in a loss of 10

degrees of higlexion (Henebry and Gaskill, 2013his has important implications for all sports

(and in activities of daily livingrurther, limited hip extension flexiliy 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 Sdgramicchanges in pelvic

tilt may significantly influene the functional orientation of the acetabulum, which may have an

effect regarding FAIS or hip morphology (Ross e2@l4).

Furthermore, altered postre of the pelvis can influendbe lengthtension relationship of

GluteusMaximus and thereforeeducing its stabilizing capacity. Associated with

hip flexor tighness and local core weakness taterior tilted pelviscan elongate thé&duteus

Maximus and thus pladde musclein a mechanically disadvantaged positi@uckthorpe et al.,

2019)

9aaSydikSy tRIZYF3IAyYy 3 | LIGASYGsS AG A& AYLERNIFYD
020K adlradAolrfte IyR ReylrYAOlIffeo

4a ii Loadc 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 | have learnt in my approach during these past yeamyledge ofmuscleforce
contributions to hip joint loading may assist in the development of strategies to prevent and
manage conditions such as OA, FAI and fractoydoeing able t@orrectlyanalyse possible mal

adaptations Asdiscussed in Chapter-Anatomy,four muscles that span the g Gluteus



Medius, Gluteus Maximus, iliopsqasd hamstringg 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 mscles that do not span the hgvasti, soleus, and gastrocnemigalso
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 deestof
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, basebaltints, rugby, football, ice hockey,

gymnastics, ballet and other athletes.

Slide81

Biomechanics

Function of the lumbo-pelvic-hip complex

+ Closed ring

« Stable base for spine & lower
limbs to function

= Supports dowmward & forward
thrust from trunk

= WB & propulsive forces are
transmitted during gait

= Instability or pain at one point
has a direct effect on another

Schache 1999

As shown in Slide 81, the bony pelvis functitmgansmit forces and weight of the trunk and

upper extremities to the lower extremities and to distribute ground reacfimmces and to

withstand compression forces resulting from itgpport 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 tkeévant joints (Meyers et al., 200.7

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, resultingnoreased strain on bony and soft tissues,

possiby resulting in assymetrical adaptions. It is postulatedabginmetry and/or pathe
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mechanics of the pelvic structure can lead to a cascade of compensations throughout the axial
spine predisposing individisato 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. Therfore, a dysfunction on one side of the pelvis is likelgffect the opposite side.

An indepth examination othe functional pelvic girdle frora biomechanical standpoirg

necessary to consider how a structure on one side of the pelvic girdle intenagdfsr affects

the opposite extremity and/or structure.

The need for a thorough understanding of the interconnectedness of the anatomical structures

around the gran and hip, including thkinetic chain, has beeextensively resarched(x f SSYAy 3 X
MpTapS & SNE S:Robinfodét al.n200Cg f S e  SHides et ab,2010; /N TR 2 Y

SiG I f MiBnich et al. MT11Meyers 2012;. NHz] Y S NI HsyNre TV F tKIYEA 8 OK S |
¢ KBYLX AOFGA2ya F2N I (SSYNBARWSKA MES GRS/ AlCRa O S Ny 3A

LI 6K2A 838 8dza | AaAIYATFTAOLIYG FLFEOG2NI G2 06S O2yaiR
{fARS vyH

l' Function - Load transfer from spine to legs.
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Slide83

Thoraco Lumbar Fascia effects
on Segmental Control.

1 10N of force thru Lat Dorsi and/or glut max
increased stability to L/S and SIJ bilaterally

(Bnggs. 2004)

1 10% Glut Max co contraction with Multifidus
and pelvic floor increased stability of the SIJ
three fold vieeming 1995

1 Superior glut max inserts into ITB and
continuous with multifidous fascia

1 Glut max deep fibres cross SIJ to PSIS,
lateral sacrum and ischial tuberosity.

Load transfer has been discussedha previous section on fascia and functional lin&s.

exampe is clearly shown in Slid2 and also Slid@3, where Trish WisbefRoth (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 langpine, sacraliac jointand the

pelvic girdlelt is only these pasyearsthat | hawe taken far better cognisance tfie
interconnectedness and consequential action of the muscles through the fascia and the resultant
forces that are imposed through theelvis Thisincreasecknowledge hased to meexploring

the biomechanickfascia researchas well & suplementing this ito my practice With more

insightful assessment and management, | have nottbedesultant positiveoutcome of any

groin and hip problems

Slide84

Stabilisation of the Sl-Joint: FORCE CLOSURE
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Further, the clinician should take into consideration the refesof stabilisation of the sacro

iliac jointand the effect that lhis has on the pelvis (Slide 84). Clinically, | occasionally see the
locking of thesacrailiac jointin athletes with hip problems/hich one is not always aware df.

is interesting to t&e note of the cauddactor i.e. did the locked saciibac jointjoint cause the

hip problem in the first place? Thus the need for a comprehensive assessment of all surrounding
joints and the entire kinetic chain.

Slide85

Sailing boat allegory.

the rectus abdominal muscle is comparable to the boat mast,
the sail would represent the oblique muscles,

the hull : the pubis

the keel : adductormuscles.

Slide86

Core Stability.1!!
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In my clinical pesentationsdemonstratingthe sailing boat allegory (as per the 4 structures
working together), as well as the tent theory (guy ropégjghlightthe importance of structures
working together to maintain perfect balan¢glides 85 and 86) Thisallegoryshows the value of
functionalityif all structures work togetheand | thus focus attention otine interconnectedness

of the hip and goin and surrounding structures (Akuthota and Nadgf04) Increasingly, | tend

to spend longer with my patientas | am always analysing the entire kinetic chain and never
focussing on one specific structurghis requires time and clinicians often cannot afford the time

that this procedure demands.

Slide87

With the temndency for anterior tiit and
forward rotation of the left hemi-pelvis

the position of the pelvic girdle orients the
pelvic girdie o the right causing a shilt in
one's centre of gravity to the right The
pelvic girdie |s directed into a stance-

like AF IR position on the right and AF ER
positicn on the left (J Masek, 2014)

(3] Right hemi-palvis postioned postericry, adducted ang internaly retated with right campensatory
feraral mtemal rotation Lelt hemi-pelvis positioned anteriorly. abducted and extersaly rotated with
left compensatory femoral externad rotation [b] Right hemi-pelvis positioned posteniorly, adducted
and Internally rotated with right femer orlantated outwardly. Left hemi-peivis positicoed anterierly,
abiucted and extemally rotated with lelt lemur coontated inwiedy (¢ Right demi-pelvis positianed
anterierly, abducted and extemnally retated with right compensatory femoral extenat rotatien Left
heme-pelvis postoned posterioty, sdducted. and infernally rotated with e compensatory lemoral
Internal ratation

The effect of pelvic movement on the pelvic girfl&S Y2 y & 1 NI (1 Sa G KA I2YUS yRiyat
AYLI2A&S SEOSaaArgSlStddBlEal 2y OB SEYFISI RAy3a G2 )
LI2adAoftS SGSyildz 6diiiz & fa 2K yWUIISF E @ISR 2 | GRS I NR G I
KS FSYdzNI 6 4 f A RIE wkmimvip YR IRYLBEBANSE t 265N SEG N
LINEGSY A2y yR NBKIFIOGATAGIGAZ2ZY LINRPINI YYS aK2dzZ R
Ay ff GKNBS LXIySa o0& ARSYy(GATeAy3ad lyeé YIf FdzC
LI MEEANE @ Sy dl At LISt BAO0 LI2addzNE O2NNBOUA2Yy @
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Biomechanics

Rectus Abdominls creating
supero-posterior tension

Prof W Meyer, 2011

1. Rectus abdominis
2. Adducior longus
3. Adducior brevis
4. Adductor magnus
5. Graglis

4 AcuOr magnus
5 Graciks 8. Quadratus fomors
6. Cbtusce extemus 9. Lervator ari mm.
10. Cbsuratar Inteenus
11. Semimembranosus
(%0 10i3)
11. Sommambmnasus 12. Biceps femoris

(rot: (%0 fioula)

Lda)
12. Bicaps fomons (o tbua)

=

fioh of abdaminal and oroin pain in attietes. Dperative Technigues in Sp Medicine

Slide 88&and 89, showsthe anteriorand madial view of the pelvis anthe pubic ramus with the
many forces and their direction acting on the pelvis and influencing pelvic tilt. As bas be
discussed, this has impaat the pelvis, groin area and higs well as possible consequenaais
pathological changesn the lower extremity.

Biomechanics of the muscular forces involved around the pubic joint should be afpdose

whenmanagingsportsmen and women, as the implications of any aiomality is profound
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(Meyers, 20052007). Mohammad et al. (2014) explaingdat it KS 3INR dzLJ 6 AGK ahaids
(pubis symphysis pathology) displayadincrease in hip flexor strength that disturbed thg
flexor/extensor torque ratio around the pubic symphydikis was also shown in

femalesoccerathletes with hip flexor muscle tightness who exhibit less &laMaxmus

activation and loweGluttusMaximus biceps femoris cactivation (Mills et al., 2015T.his

imbalance appears to be a risk factor for addueateliated groin injury. Therefore, restoring the

correct relationship between these two agonist and antagonist hip muscles may be an important
prevertative measure that should be a primary concern for training and rehabilitation

programmesand this is a strategy thatmplement in my management gfoin andhip

pathologies.
Slide90

llium Forward Rotation: RESTRICTION

Which muscles are hypertonic and holding it forward
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Limited internal rotation &

Stride length discrepancy

A limited internal rotation can be caused by a
hypertonic psoas on that side.

« This psoas literally pulls the leg forward on that side resulting:

longer stride homolateral and a smaller stride heterolateral.

It is most important to analyse which muscles may be the cause of the pelvic rotaticghuand
possibly develop injuries (Slig®0 and 9). This was highlighted by Prior et al. (20Mihere

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 ishlages in

both trunk and pelvic posture during single leg stadtengly influenced the levels of activation

of different muscles of the hip and thigh asymptomatic young males.

Further,dissociation of the pelvis and upper and lower extremities when performing any
activities has been highlighted by Comerford andtivéon (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 ad insight of the biomechanical interaction of the entire kinetic chain and the
importance of dissociationlhese uncontrolled movements / movement fauln predispose

people to musculoskeletal pain and disability and thhis tdentification maye a pevention

strategy forhip pain.This is crucial in my management of groin and hips.
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Slide92

Associated with / resultant from abnormal forces around the pelvis
Mechanism: \

Hyper-abduction
Deceleration

Loaded Rotation

 MASC, BSc, MSCP

Toam Physatherapist, IRFU Conference FIAA. May 2016

Further abnormal forces around the pelvis were concisely identified by James AiltghaF
MedicalAssociationConferenceMidlands, United Kingdon2016)and shows theinusual

biomechanical loads imposed on the bodyifferent actions irrugby(Slide 92)

4a iii. Walking

Lewis et al. (2007) describedmusculoskeletal 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.
Theyrecommended 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 bendfcipeople with

anterior hip pain, subtle hip instability, or an anterior acetabular labral tAarunderstanding of
thesewalking biomechanicsay assist clinicians implement a strategy for gait modification to
reduce anterior hip force when patienggesent with anterior hip pain. Clinicallglthough there

is no evidence for this strategyhave found that runners who have anterior or lateral hifnpa
experience decreased pain when taking shorter strides. However, this modification may be
detrimental to performanceso the longterm 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 walkingFour muscles that span the higGuteusMedius, QuteusMaximus llio-Psoas

and Hamstrings, contributed most significantly to the three components of the hip contact force
and hip contact impulse. Additionally, three mlescthat do not span the higVadus Lateralis,
Intermedius and Medialis, Soleus, andsBocnemius 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 addité insight into lower limb muscle futian

during walking and maye 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 wilbe bearing large torsional strain in certain sports e.g. cricket bowlers,

baseball, tennis, rugby, football, ice hockey, gymnastics and ballet.

The significance of thel@eusMaximusrelated to its importance in the entire movement of the
human kinetic bain, was described in the previous chapt@luteusMaximusis 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., IB@06attempt

to understand the relationship between walking gait speed and hip joint loading in healthy hips,
Weinhandl et al. (2017) undertook a study healthy individuals and fourttiat 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 idepth doservation and knowledge.

4h. 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 alongréne enti

kinetic chain, including #hip and groin regian



Slide93

Prevention: b) Biomechanics

rooT PAN
P avibe
P
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FOOT IN PRONATION SANDAL RESULTING IN
WITHOUT CORRECTION 0 NORMAL ALIGNNENT

This is shown on Slide 93 where prevention of these pathologiesiginéghted as a possibility

Table 3- Pathologies related to hip and lower extremity kinetics.

Author Outcome

Bandholm et al(2011). | Explained thémportance of the relationship between hip muscle strength and
neurological control which has profound effect on the lower extremity muscles.

Takas and Hunt, (2012 | Pelvic dropas a result ohip abductor weakneséias been hypothesized as a
potential modifier of frontal plane knee joint kinetics during gait in individuals with
pathology such aknee OA.

Stearns and Powers, The study results suggest thACL injury prevention program&rgeting hip muscle
(2014). performance may be important in mitigating biomechanical risk factors associate
with ACL injuryin women.

Bencke et al(2014). Increased hip internal rotation and increased hgbductionappeared to negatively
influence the magnitude of knee valgus moment during side cutting, and thus
potentially increase the risk &CL Injury.

Mohammad et al. Isokinetic imbalance of hip muscles in soccer players with osteitis pubis.
(2014).

Hetsroniet al. (2015). FAIgSs associated with alterations hind foot mechanics

Lin et al(2015). Quickening and widening steps probably increase stabil®horter affected side

stance time to avoid pain, and/or weakened affected side hip abductors, may lea
faster frontal plane trunk movements toward the unaffected side, which could
contribute to fall risk.
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Resende et a[2015).

Increased footpronation increased the ipsilateral lower limb internal rotation angle
andreduced knee and hip internal rotation moments with increased pelvic
ipsilateral drop.Foot pronation increases hip and knee adduction moments on the
contralateral side.

Hagen etal. (2015).

Semiprofessional soccer players wiithcreased hip alpha angleshoweddifferences
in gait kinematicscompared to the amateur group.

SolomonowAvnon et al.
(2015).

Footweargenerated biomechanical manipulatiomge wedge insoles and foot
orthotics of lower-limb joints has been shown to influence lowleénb biomechanics.
This study analysekinetic and kinematic changes about the hgd 12 healthy young
males who underwent biomechanical manipulation utilizing a biomechanical devi
allowingcontrolled foot centre of pressure manipulation. It demonstrated the
reduction of frontakplane hip joint reaction force via medidhteral foot centre of
pressure manipulation and the subjects adopted a modified gait patteimed to
maintain constant bse of supportAs a result, hip abductor muscle moment arm
increases and adduction moment and joint reaction force decreases

Khayambashi et al.
(2015).

Measures ofpreseason isometric hip abduction and external rotation strength

independently predicted future noncontaé&tCL injurystatus in competitive athletes.
The study data suggest thatreening procedures to assess ACL injury risk should
include an assessment of isometric hip abduction and/or external rotation strengt

Salaguchi et al. (2015).

Hip external rotation angle may be a key factor to control frontal plane knee joint
kinematics and kineticsThus the position of the hip joint should be taken into
consideration when assessing a patient with lower extremity probldinsy
hypothesised that their results may help provide an appropriate intervention on
running style tareduce the risk ofPFP.

Hetsroni et al(2015).

Young adult men with @n-type FAIS present excessively inverted hifabt at the
moment of heel strike and reduction in maximum eversion during the stance pha:

Deasy et al. (2016).

Significant hip strength deficitexist in people wittknee osteoarthritis.Hip strength
assesment should be considered in clinical practice and may assist with directing
targeted management strategies

VandenBerg et al.
(2017).

Restricted hip rotation is correlated with an increased risk faCL

Boykin, R. §2018).

Patients withradiographic evidence of FAI and decreased hip internal rotation ha
higher rate of ACL tear&imited internal rotation of the hip increases strain and
potentially resultant fatigue failure of the ACL

Rutherford et al. (2018).

The implications oindividuals with FAIRompared with healthy, asymptomatic
individuals were shown taffect hip joint biomechanics and muscle activation.

King et al. (2018).

These findings demonstrate thatibtle biomechanical impairments may be present
in individuals withhip-related groin paindespite there being no difference in
morphology or hip strength.

Neamatallah et al.
(2020

Hip and knee kinetic and kiematic variables related to thelevelopment of dynamic
knee valgus would appear to be inflieed by gluteamuscle strength The level of
influence varies across SLS and landing tasksvanttl appear superficially to differ
between gendersA gender specific strength training programmes requiredto
reduce dynamic knee valgus

Cam: Gamshatft,(which the shap of thefemoral head and negkOA: Osteo Arthritis;

PFP: Patella Femoral Pain; ACL: Anterior Cruciate Ligament;

FAISFemorcAcetabular Impingement Syndrome; SLS: Single Leg Squat.



Further studies have highlighted this interaction between the pelntslawer extremity and

possible pathological consequences if biomechanically inefficient:

- Patella- Femoral Pain: the link between the trunk, pelvis, hip (including hip strength
and gluteaimuscle activation), and knee kinemati¢Sowan et al., 200Esculier et
al., 2015Ferber et &, 2011; Nakagawa et al., 2QRairot de Fontenay et al., 2018;
Plastaras eal., 2016 Reimaret al., 2009;Thomson et al.2016 Van Cant, 2004

- Lumbar/Sacral spin@athologies the link between hip impairments, (including hip
joint range of motion and gluteal agation) and low back painCpoper et al., 2016;
Hanson et al., 200Zandaand Jull,1987;Mendis and Hides, 201600}
Goudzwaard et al., 199&eiman 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
Table3, many pathologies may be affected by malfunction of the pelvic, hip and/ or lower

extremity biomechanics.

Slide 94

Biomechanics

* increased hip
abductor (glut med|
activation in single
leg stability activities

* Recruitment of hip
abductors delayed or
decreased in runners

with PFFS

* Decreased strength
of hip abducters in
runners with PFPS
{men and women|

119



There is growing evidence to support the association of gluteal muscle strength deficits in
individuals with pat#ofemoral pain syndromeand the effectiveness of gluteal strengthening
when treatingpatellofemoral pain syndromeAdditional research is needed to determine if
screening of gluteal muscle activity can successfully idemdye most likely to develop

patellofemoral pain syndroméBarton 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 havehad an ACL / mergalrepair, it has been most interesting to observe that

most of them have weak hip stabilisers (@ugsMedius / GluteusMinimus). This is not

necessarily the cause tife injury in the first place. However, | believe the clinician should take
cognisancef 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 managemenin my clinical experience, my observatisrthat clinicians

(including myself), have not alwagsoritised the importance of the hip stabilisesufficiently

when assessing the athleter other pathologies
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Biomechanics

Effect on other joints

“Dymarmic Valgas'

Figure 5: Hig tynamic valgus® knee posture, which isa
combination of hip intemal rotation and abduction combined
with knee flexion st impact. Image adapied from Hewett ot al
[25).

Slide96

What happens if the glutes aren't doing their stability job?

This interconnectedness is demonstrated in Sigfe and 96howing that if the Gluteii muscles
(particularly Gluteus Medius and Minimwme not performing adequatelgnd there is
subsequently hip internal rotation and abduction this may havplications on the knee and
foot (Barton et al., 2013). Spiéic 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 patholagg even eventual OA should be considered

(Austin et al., 2008).

4c. Neuromotor control

Slide 97

Cipen-leagp caimiral sysiem

Feedback Feed Forward

- Delay in the order of hundreds of

a millisecand - Operates on preml.se of I-nl.llﬂtlr-ig
sl a metor response in anticipation
- Slow movements, that need of a load or activity

constant regulation for accuracy

Dipan- and closaid-oap e £

Bullokj-Saxan1987, Hodpes and Richardson 1956, 1997, Hodges f all a7
alal 2002; Hodpas, 2003, Bamigre at al. 2004 Vidor at al 2008, Alison at
improves propricception. Bhanpuri et al., J Meurosci. 2013

Slide 98

Rx / Rehab N Rehab / RTP

Feed back Feed forward

n
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on at al, 19596, Hodges and Richardson 19407, Desmerpal and Graftan
d Graftan 2000; Cowan &t al, 2002, Sahrmann 2002, O Sullvan, 2003

at al 2005,
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ey etal., J Orthop Sports Phys Ther. 2013

¢CKS 0A2YSOKIyYyAOa 2F KdzYly Y2@0SYSyd Aa vYz2ad NBf
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neuromuscular training for mvention and rehabilitation of injurieis essential for appropriate
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Studies showing the impact of postuntrol and hip stability, as well a®generative diseases
of the hip jointinclude those ofllen, (2016); Mendisand Hides(2016); Narveson et al.2016);
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RodenReynolds et al2015); Sziver et al2016 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 asymptomaticpathology suctasFemoreAcetabular Impingement SyndromeAl$, or

is merely for a preventative strategy for any potential groin / hip problems.

Regarding biomechanical assessment and screening to prevent injargasill be covered more

v W

0
2OSNI I LIAY3I ljdzSadAaz2ya N S a 2 B6KSNB (K

comprehensively in Chapter 1-1Prevention! & (G S&ai&8 yR SESNDAAaSa
N\
gAft 06S fAIFIOES G2 FI Af dzNB

a
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4d. Different sports and specific biomech&s

Different sports (and positions within ¢hsports) have specific demangich call for various
activation patternsand contributions of particulamusclesAs a cliniciant is usefulto have a
thorough understanding of the mechanics of each spastyvell as the individual positions in the
sport. These provide a basedifior assessment and managemestit is acknowledged that

there is significant variation in biomechanics between sports, positions and individuals. Whilst
with the Super 14 Rugby tea(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 falsors)
assessing individual positions whilst they were training and even occasipasilyipating.An
exanple wasbeing lifted and lowered athe lockto experience the nuances of this positon and
the consequential possibility of back pathologielelievethis assistedme in preventing
pathologies due tany advice regarding more carefulapproach to this meement particularly
being very careful not to suddenly let go of the lock after lifting him up high to retrieve the rugby
ball. | have shared this aspect with my colleagues in my presentations and have specified the
need to intensely analyse the exact neovent required by an athlete and aldessing it

accordingly.

4di. Running

The different contributions of the hip muscles to the task of running are not well understood,
andit may be important for recognizing the biomechanical mechanisms of rusaeiated
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 biomecharties and

correct sequence of movemeniépier et al.2015and Snyde et al, 2009. Of interest is the

study bySchache et al. (2000) wiexploredthe implications of limited hip extension flexibility

due to tight hip flexor musculature or anterior hip capsular and ligamentous structures and their
possible cause of incread anterior tiltof 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 ofl@eusMaximusin running. The major functics of the
GuteusMaximusduring running igo control flexion of the trunk on the staneside and to
decelerate the swing leg. Contractions of the stasme GuteusMaximusmay also help to
control flexion of the hip and to extend the thighiéberman et aJ.2006). Alkthis may be

affected by incorrect biomechanics.

Further, the considerationof weak hip muscles is of value in development of runmelgted

injuries (Niemuth et al., 2005Although no causand-effect relationship was established, their
study showed amssociation between hip abductor, adductor, and flexor muscle group strength
imbalance and lower extremity overuse injuries in runners. The additfcstrengthening

exercises foweak hip muscles may offer better treatment results in patients wittning

injuries. This shoulde 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 Iplems, is that of the gender differences and
biomechanical implications. The biomechanical factors of the hip between sexes were
investigated with regard to runningelated injury (Vanntia and Kernozek2018) and heir

outcome showed that rmles and female demonstrate differences in gluteal

muscleforcesand hip kinetics and kinematics durirrgnning.Females may have to gerate

greater gluteal medius anghinimus muscle forces to meet the requirementgposed partially

by greater hipadduction position othe hip. Females may also utdia different muscular
strategyto generate hip extension and extehrotation moment than male<linicians need to

be aware of these differences when assessing or managing these athletes and bear it in mind

with all biomechancal assessments in all sports.



4dii. Cycling

| have given a number of presentations over the years regarding prevention and management of
cycling injuries e.g. Cyclists Touring Club, Suffolklaadh SkyApart from a number of studies

over theyears on cycling bmechanics, there is minimavidence that specifies the impact of
cycling on the pelvic/hip region and the possible resultant pathologies that may deBalopett

et al., 2004pamm et al., 20LHull et al., 1990Juker etal., 1998;Muyor and Zabala., 2016

Navot and Kalichman, 2018auer et al., 2007; Trofaier et al., 2018though some may study

hip movement, they do not specify specific hip muscles involved e.g. Elmer et al. (R04.1).
findings by Ando et al. (2019) indicatdtht the relative contribution of the Gluteus Maximus

and Rectus Femoris to tleyclingmovement 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
Slide100

Adductor Biomechanics

ot 8., 2010 Engabratsan ot al 2010 Moncn-OM, K J., et al (2013} Thorkeng 2013 Jensan
Male Soccer Plagars With and Wihout AdductorRelzad Groin Pain. Thoorg @t &, Ovthog J
Ll 2016, Watanabe atal 2018

The kcking actionn footballwas claimed to be the most frequent reported football action
inditing groin injury (Langhout et al., 20/l&ndhas been increasingly documented in studies
(Jensen et al., 201Radaet al., 2019TorreblancaMartinez et al., 201;\Watanabe et al.2018
(Slide 100)Charnock et al2009 highlighted therole of Adductor Longus during the kicking and
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swing phase and the risk of injurytbis muscles during the transitiondim hip extension to hip
flexion.

Slide 101

Inadequate Hip ROM (Extension or Rotation)

The Football Kick @ Excessive compensatory mobon
through the Pubic Symphysis

Key Musoles
Abdorminals, Pacas Major, Erecior
Gl and Harrs

Giad, Ghdin, Hametring,
Adducior Magrus
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Interesting for clinicians is the-ahepth analyses of the football kickwhere inadequate hip range
of motion causegxcessive compensatory motion through the pubic symphysis and possible
resultant effects tahe kickingmusclesnvolved(Slide 101)Langhot et al. (2018) explained that
the central body actions play an important rolekitking andnaximal kickinghowed larger
segmentarange of motionthan submaximakicking. Thus$ootball playerswith groin injury
refrain frommaximalkicking.l have consideredhis factor and my approach for prevention and
rehabilitation has improved thegeast years with this knowledge, as has been the case with
many sports climians who keep up with the lageresearch on this topi®revious groin injury
was related to decreased hrange of motiorand they stated that information orange of
motion differences between maximal and submaximal kicking within plagdesking. A finding
explaining detailed kicking action, demonstratbe coordination of body segments during the
maximal kick in (sub) elite football playeRange of motiormf the backswing is important to
allow prestretch of myofascial structures amadnge of motiornof the forward swing is

mandatory to develop segmeal velocity. These findings suggest that flexibility of the tension
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arc and pelvis are essential in developing ball sp&#idhe above points are significant when

clinicians are tailoring a rehabilitation or prevention protocol.

Further studies explaingthe intricacies of change of direction in soccer inclviddloy et al.
(2016 and Rouissi et al. (2018Yalloydescribed the outcome th&demales with greater hip
external rotator strengttdemonstratedbetter dynamiccontrol of the lower extremityduring
unanticipated singléeglandingand cutting tasks and provides further support for the link
betweenhip strengthandlower extremitylandng mechanicsThese factors should be analysed

when assesag any groin or hip pathologies.

2NABROGGKS Cc2200FftanaBRAVRISE / 2WHARBRB{ OB ARBRYE ald
GKAOK RSY2yadNI GSR GKS | f (OS8R IS RFS NRANS20W Af2lyy
F22001 ff SNE 6K2 LINBaSyld oThaesKpreBn®ry fadingd Ay o. 20K/
suggested that impaired movement control exists in academy footballers with FAIS. These
biomechanical mechanisms of dysfunction, where thele’sa 42 OA I A2y 2F GKS TS
0NYzy ] &$ et-@8aAA O KA Llidéntfydnd &nd dlassKying thebeyirRvement

faults may prove necessary for effective prevention and management of symptoms by

controlling movement adaptations.

King et al. (218)found thatsoccer players with unilateral higlated groin pain may exhibit
distinct biomechanical differences compared with the asymptomatic side. This vedrneed

by Rutherford et al. (2018). However, they eegsed their opinion that there slack of

objective testing of hip joint function to understand implications of FAI for dynamic movements,
particularly with applications to biomechanics. These permutations will be referradtie

rehabilitation chapter.

4d iv. Ice Hockey

Although | have not been personally involved in ice hockey, | @Bageavoured to understand
the unique functional demands and the patterns of injuries they may promote.

Certain movements often pladbe hip in forced and repetitive supsahysiological ranges of

motion (Brunner et al., 2016Kallio et al. (20159xplained that Ip problems have increased

especially among young ice hockey goalkeepers and those using the butterfly techrngse

these athletes commonly endurgroininjuries or hippain Kuhn et al., 2016 Mosenthal et al.



(2017),explained that activities such as powerful forward or croger skating requirgstrong
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 Biomechanics

The biomechanics of all movement, which utgs thenormal range of variability between
individualathletes as well as théiomechanics of specific sportequires an irdepth

understanding and analysis. This includes basic posture to load management through the entire
kinetic chain with knowledge of the interaction of allscles, joints, fascia diendons The
comprehension of the possible other pathologies associated wighgroin and hip

biomechanics, as well as any raalaptationsrequires assessmentith all athletes and on an

individual basis.

Conclusionc Anatomy versus Functional Anatomy

Slide102

Anatomical Anatomy vs Functional Anatomy

As | havebserved in my careerhé complex and intricatanatomial relationship and

functionality requiredis frequently underestimated when dealing with hip and groin pathology in
elite and recreational sportsmen and woménpersonally, have definitely improved my
management of hip and groin athletes sindealve undertaken this thesend absorbed so much
new information | have also had very positive responses from my fellow colleagues when giving

presentations, as they too hay@eviouslynot recognised this vital factor and realise now that a
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thoroughunderstanding of the basic underlying anatomy, pathophysiology and biomechanics of
individual athletes, may lead to cadsrable advances in their ca(8lide 102)The challenge lies
between ascertaining the anatomical diagnosis vs. pathological diagnosimesonal

diagnosis. The interaction of the three will influence prognosis and management.

Thus by understanding all thepermutations and having an-gepth knowledge of the entire

structural and functionahnatomy involved, a screenipgogramme can be developed and

prevention programmes putinplace.K A & (G KSaAa Aa o6SAy3 dzy RSNIF 1 S
dzy RSNRGFYRAY3 YR (2 aKIFEINB (GKAa (y26ftSR3IS HAlK
Ol'y dzaS Al O2yaiNIDV&OSYyR LWREOEPARBGA FEYRARIVG S 3
Fd NRA&A] 2F INRPAY YR KAL) LI GK2f23ASao



Chapter 5

Groin and Hip Assessment

5a. Introduction

As discussed in previous chapters, hip and groin pain can be-atlmmgdjing and debilitating
condition. Thecomplex clinical presentation and multiple symptoms related to groin pten
AYLISRS alLlR2NIa Ot AYyAOAlIYyQa loAtAGeE G2 Sadlof Aacrk
optimal management. Several tests have been suggested as screening and asséssiniéor
evaluating a prevention strategy, specific treatment and readiness to retuptato However,

the clinical tests avaable to diagnostic clinicians acemplex due to the nospecificity of each
test. This may be one of the reasons that pats with goin and hip problems frequently have a
delayed specifidiagnosisand mayundergo inappropriatenanagementl agree with the study

by Reiman and Mansk@012, whereby they explained that thdecline in the performance of a
skilled clinicaexamination has possibly occurred from an over reliance on clinical special tests,
laboratory tests, and imagingll these factors have mostly bedgckng in general consensus on
the specificity of the outcomedortunately, studies have been evolvingenthese past years

with better specificity and sensitivity for testimgoin and hipgReimaret al., 2015)The

specificity andsensitivity of these individual tests are detailed in Chapter®sea clinician have
used the literature to identify testehich have been found to be effective boscientifically and
clinically.lt would be of great benefit if one could identify athletes at risk for developing groin

injury by the use of specific testB¢lahunt et al., 2016).



Slide103

1) Functional Tests

2) Specific Tests

Thischapter endeavors to highlighteststhat have been most useful in my practice if used and
analysed correctlySlide 103)Funtional tests, in particular, have bedrlpful and applicable.
Specific tests are useful if thaeye part of a battery of testsespecially 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 performibe: on
athlete with groin and hip pain (and in peereeniry). Fundional performance testingxamines

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, | have found thaetdiagnosis 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 raalaptations /deficiencies. If these are rectified in a
managemenstrategy, the athlete can be successfully rehabilitated without a specific diagnosis.
This is a key point of my thesia.the absence of evidence surrounding a number of these
functional tests, sound and consistent use of clinical reasoning remains essential to any clinician.
Clinicalreasonings 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 obtaine@his management requires ongoing assessment

and reassessment throughout the season.
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5b. Functional Tests

5b i. Background

Sportsrelated groin pains a common entity in rotational sports such as football,

rugby and hockey, accounting for-18 % of injuries each year, with high recurrence rates and
often prolonged time away from sport (Kloskowska et al., 2016)., Bsusagreviously been
mentioned, the precisenovement patterns an@ssociated muscle functian athletes both

prior to and following the onset afportsrelated groin pain need to be scrutinized.

Functional tests are my most useful tool and the cornerstomeagsessing and managing an
athlete with groin and/or hip paifReiman and Manske, 20 lReiman and Mansk2012) A

clear distinction should be made between clinical testing fumdtional performance testing.
Fundional performance testingpas multiplepurposes. 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,. Z0&Y)
claimed thatfunctional performance tests can help determine when an athleteredurn to
unrestricted activity, althougfurther research islesperately needed in this area to determine
how adaptations during functional tests can be measured and quantified. Additioaddlgk 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 higikigly that performancebased function
testing should utilize a wide range of assessments, including patierepealft questionnaires,
assessment of psychological factors (e.g. fear), and quality of movement during functional tests

as assessment for retorto function.
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1) Functional Tests

Diagnose the souféé of dysfunction

L‘Xf

Kinetic Control (C rford and M.

Slide105

Observe the entire kinetic chain

Central to functional testing is identifying the source of dysfunc{®iide 104)This can only be
done by observing the entire kinetic chain and performing a series of functional tests accordingly
(Lewis and SahrmanB0Q15)(Slide 105).

Regarding functional tests, as has been discussed in Chapkemg&tional Anatomy,
strengthenirg hip abductor muscles has been a recent effective trertierapeutic
intervention studies to prevent and rehabilitate different pathologies suclvasback pain
this should be done for atlur sports patients, athe hip abductor muscles are crucial fo

the correct functioning of the entire lowesxtremity.
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Table 4 FunctionalTests

Title Author Test Outcome
The relationship between hip | Kendall | Trendelen | HABD strengtimay not be the only
abd strength (HABD) and the | et al., burg test | contributing factor in controlling pelvic
magnitude of pelvic drop in 2010. (TT) stability, and thestatic TT has limited usas a
patients with LBP. measure of HABD function
Increased external hipotation | Bandhol | Drop Greater maximal external higotation torque
strength relates to reduced metal., | Jumping was related to greater change in knee marke
dynamic knee control in 2011. distance during drop jumping
females:Paradox or
adaptation?
Glut muscle activity and PFP: | Barton et | Star The relationship between the gluteal muscles
systematic review. al., 2013. | ascent and| and PFRhowed moderateo-strong evidence
descent that G Med muscle activity is delayed and of
shorter durationduring stair ascenand
descent in individuals witRFPS There was
impaired abilityto control frontal and
transverse plane hip motion.
Greater understanding of Kemp et Provided clinicians with a numbeof reliable,
normal hip physical function | al., 2013 clinicallyapplicable tests Strength measures
may guide clinicians in and functional performance measures
providing targeted explained as a reference for assessment
rehabilitation programmes
The recognition and evaluatior] Hammou oGt | @ SNBGK éF LALaNI dzy RS T
of patterns of compensatory | d etal., aetiological factors contributing to pain
injury in patients with 2014. around the hip joint and associated hemi
mechanical hip pain. pelvis,
Thepelvic femorarhythm in Van Posterior pelvic rotation during active higimd
camtype FAI. Houcke hip flexion is increased in FAI, indicating the
etal., presence ofin active compensational
2014. mechanism
The relationship between Lewinson | Walking Seemed more likely thatip Abd weakness
maximal hip Abd strength and| et al., was a consequence of OA rather than a
resultant loading at the knee | 2014. predisposing factor
during walking
Is hip strength a risk factor for | Rathlef et There may be&o associatiorbetween
PFP? A systematic review and al., 2014. isometric hip strength and risk of developing
meta-analysis. PFP
Hip Abd function in individuals| Rutherfor There waso clear relationship between Hip
with medial knee detal., Abd muscle strength and temporal knee
osteoarthritis: Implications for | 2014. adduction movements
medial compartment loading
during gait.
The influence of changes in Prior et Single leg | The influenceof changes in trunk and pelvic
trunk and pelvic posture during al., 2014. | standing posture during single leg standingn hip and
single leg standing on hip and thigh muscle activation in a pain free
thigh muscle activation in a population.
pain free population.
Experimentally reduced hip Pohl et Walking Shortterm reduction in hipabductor strength
Abd muscle strength and al., 2015. was not associated with alterationg the

frontal-plane biomechanics

during walking.

frontal-plane gait biomechanics of young,
healthy men.




HABD Hip AbductionGlut: Gluteus; SLS: Singgg squat; FAl: Femoracetabular
impingement.;.LBP: Low bagkain; PFP: Patella Femoral paktip Abd: Hip Abductor.

Table 4demonstrates the complexity of movement patterns and muscle action and thus the
importance ofrecognizingand addresgconcomitant compensatory injury patterns associated
with groin and hip pathology.

The complexities of the effect of posture on the hip abductor mechanism andelaionship of
anticipatory QuteusMediusactivity to pelvic and knee stabilityave been validated over the
past yeargBerry et al., 201Xim 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 osteathritis of the hip (Arokoski et al., 2003ims et al.20032),
tibio-femoralosteo-arthritis (Chang etl., 2005),patellafemoral pain(Cowan et al.2009 and
Mascal et al., 2003and iliotibial bandyndrome, Fairclouglet al., 2007and Fredericson et al.,
2005).

Grimaldi (2011) raffirmed the close associatidretween hip abductor function and

segmental alignment of the fennupelvis and trunk andiscussed the significant

effect daily postural habit may have on hip abductor muscle structure and function.
LRSYGATEAY I ySIAFHIAGS LREAYIINEI Ky oAYi% RHIOE A\ 13
or with the legs crossed in bilateral adduction may have significant impact not only on short

term, but on long term outomes. Thusissessment adinl (i K f &tivie® &f daily living

IS a most important part of evastion of the athlete and possibly prevention of groin

and hip pathologiesOver the years, | have observed tlthhicians working with sportsmen and

62YSYy 2F0Sy Rthe/pbblemNaH tiie hip & grainkid-ad a result of thedtivities

of dally living,rather thanthe sport itself.l, myself only reached this conclusion after many years

of practicing in the sports world.

Outcome of these studies:The above studieand those in Table &-affirm the effectthat the

hip joint muscles haven the kinetic chainparticularly the lower limljoints and musclesThus a
thorough assessment of the entire kineticash, with evaluation of théateral stability muscles
should be mandatory for all patierts ¢ K S hdtivitids 8fydaildisingas vell as in their
respective sport, require thorough appraisal and all thiasdings should be interpreted

together, rather than independently.



5b ii. Further relevant Functional Tests for hip and groin pain

There are mny different functional tests, some of which are validated and others useful
anecdotal tests. | do not think that we should be restricted by research only. Clinicians have the
power to improvise and develdpinctional tests specific to the sport (ambsition within the

sport). My years of being very involved with different sports has taught me that we still have a
way togo regarding specific sps tests, but if clinicians took ownership, it is pdse to develop
meaningful functional tests. | thknof the PNFhamstring and shoulder testthat | developed

due to the problems thatencountered regardingeturn to training and matches isport. They

were extremely meaningful and accepted by the coach and pl&atrospectivelyl wish | had

these ests researchedral validated | 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.

Auseful study identified specific differences and correlations for several biomechanical variables
during a singldeg landing, aingle leg squata doubleleg landng, and a doubléeg squat

(Donohue et al., 2015 he outcome was that individuals areslikto demonstrate different

profiles of injury risks when screened using different tasks. They described degbanding

task as a priority until specific risk factors have been identified using other. fBls4s the

clinician should take cognisancetbése studies and undertake a number of tests, using clinical

reasoning to achieve a satisfactory outcame
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Slide 106

Hip & Groin 3T MRI Screening : EiiteResults Footballers u9-18's

Patient Reported Outcome Meaasures

Clinical Examination -

= OXFORD

Morphological MRI
Physiological MR

Urinary Biomarkers
= Precursor to cam monphclogy fret aeen age 10
= Cam morphology present in B2% players over 16
vdary Lo seal extensi IFE E}rt hritis
Research UK

al res

Fal on scan normalin footballers!

= Mo difference betwesn dominant/

= FAl symptoms)/signs more comman in dominant leg

Southampton Football Club |

It is of note tha Southampton Football Clulwith whom | have had ongoing discussiomss
been following an excellent groin and hip prevention protdzaded orscreening, including
many of the functional tests as described belamd have the least problems imdPnier League
(Slide 106)

- Small Knee Bend Test

Slide107

Functional Tests

Table 1. Small Knee Bend motor
control test observed faults (Faults
1 to 5 associated with altered hip
Sagital e flexdon; Faults 6 and 7 assoclated
(ine of gail progressiaon) with altered hip medial rotation;
Faults 5, 8 and 9 may be associated
10° newtral ine with restrictions of knee and ankle
(ine of weight ransfer) flexion contributing to the altered

hip flexion)
Femur ine

(ine of hip rokation)

Observed Movement Faults
e ne . Trunk leans forward
(Ane of o rotabon) Increased hlp flexion
(Comerford & Moliram, 2013 Anterior pelvic tilt

56) Hips sway back
Shift body weight forefoot
Functional femoral line
falls medial
Hip hitching
Knees not move past 2nd
toe
Knee alignment <2cm past
Figure 1. [a) deal alignment during Small Knee bend test (b) Foot tOCS’
nes

Al Knea Bend Test in Acadamy Footballers with FAL Woarlong Papers in tha Health
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Wright presented at the Football Medical AssociatidanferenceNlidland, United Kingdom,

May, 2016) on screening of the hip and groin, including gym based and field based interventions.

I S RA &kd%a 3891RIzZRe SO f {d2 deih 1Y LI 2 ¥ S@®FH K RSP i &  LASONJ ¢
{f ARSK#Madyy@2 Y (INREt SR Y20SYSy(d RANA¥A2LG0EBYE ENE |
g A G K CbreliminatyKirglihgsBuggest impaired movement control exists in academy

footballers with symptomatic FAI. Identifying adl@ssifying 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 analysisdhnology and muscle acitly using electromyographyand to

further understand the mechanisms of movement dysfunction.

- Inner Range Holding test

Slide108

Inner range holding: IP — Sit lift bent Knee

Hold 60 sec

Southampton FC. Warwick Conference 2016

Another useful test was shown lyimpel Warwick Hip Meeting2016) andl have found this

test to be mosteffectivein analysing the strength of the hifexors 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 wealggeof which | believe may be a precursor for groin or
hip problems. My experience with cricket bowlers and the often sustained injury of thesitias
muscle, highlights this fact and the obvious weakness which requires strengthening in inner

range (and wh bowlers a long lever i.e. the leg in full extension). Practically, | have added in the
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long lever inner range holding tesst standingfor fast bowlers or when specifically required in a

sport.

- Hip Trunk Dissociation

Slide109

Hip Trunk Dissociation

- HaloTl. BLibl QP

............

Myt Faults
*  Hip/Trunk Flexion
+ Active hip Flex past 90
« T Hip Medial rotation?

K FMA</,

FLEITRELL FLTEN. NNFCLINTFCM

The hipdissociation test was implemented with apparent success byraogbton Football Club
(Slide 109! OO2 NRRWNA KB NB 2y | f  O2 Y'Y dAFARGHOTSAVIA FaalA NTIK

ReéaFTdzyOuAazy 2F KAL) I yR LISt @AHoweRalzZNAdges colickrA & (S &

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 specifiatiah. He
maintained that they haé significant reductiom surgical cases, which they attributed to the
pre- activation strategies and the introduction of movement control. | have been using this test
with groin, hip and knepathologies and haviound the test to be most useful for evaluagin

weakness or impaed movement around the pelvic area, particularly in standing.
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- Trendelenburg Test

Slide110

Biomechanics

Trendelenburg sign and gait

) Q.' and Mitchell {2005, p508)

For many years th&rendelenburgesthas been used by clinicians to detect hip abductor muscle
weaknesgSlide 110)Varying opinions regarding thierendelenburgest wereproduced e.g.
Kendall et al(2010 and2013)who discussed théact that hip abductostrength may not be the
only contributing factor ircontrolling pelvic stabilit, Bird et al. (2001)who declaredthat the
Trendelenburgestwasthe most sensitive and specific physical sign for the detection oeGdut
Mediustearsand Fujita et al(2017), whoconcludedthat a modifiedTrendelenburgest

improved reliability Grimati (2011) showed thawith respect to assessment of thateral

stability mechanism, the clinician needs to determihe ability of the individual to control
femoro-pelvicalignment in the frontal plane. This study stated that the traditional
Trendelenburgestassessed the frontal plane orientation of the pelvis &mhk. An

Wdzy 02 Y LISy a | tasbresat isldeséribed as@@uvic tilt occurring towards the-neght
bearing sideand ¥ 02 YLISY 4 0 SRQ LJ2 & A fletiod ®watdSthelweightt (G NHzy' 1 f

bearing side duringingle leg stance.

I have found the flendekenburg test to be most useful in my practjdeit amaware that it isone
of a number of tests that neexto be undertaken to reach any resultant possible diagnosis. Thus

a positive Trendelenburg tesis not diagnostic of a specific pathology and as with all tests, needs
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to be evaluated in conjunction with other clinical signs and symptdrhis factor is being
recognised these past years, as opposed to beatignt ononetest being the answer to forma

specificdiagnosis.

- Double leqg squat.

Slide111

Functional Tests

Double leg Squat

5;L.A2015:Eckardetd. 2018; Cheatham stal. (2018

The clinician should consider that individuals are likely to demonstrate different profiles of injury
risks when screened using different taskeh asingleleg squat doubleleg landingand
doubleleg squat task (Donohue et al., 2015) (Slide)1Bhrton et al. (20143omparedsingle

leg squatwith doubleleg squat taskand indicated thasingleleg squatmay be more

appropriate thandoubleleg squat taskparticularly to facilitate sength gains of {BteusMedius
and GQuteusMaximus Another comparison a$ingleleg squatanddoubleleg squat taskn
National Collegiate Athletic Associatigulayers, showed thanovement quality assessed on
both the doubleleg squat taslor singlelegsquathad greater incidence of lower extremity injury
than those with nofpoor movement qualitfEckard et al., 2018Essentially,lere is spase
evidence based medicirfer the doubleleg squat taskand any association with the hip joint.
Cheatham etl. (2018)stated that future research should focus on the assocrabetween

common hip conditionand squat performance.
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dinically, | find this to be a most useful tekir identifying a knee valgus and possible hip medial

rotation due to hip stabilisig muscle weakness

- Lunge
Slide112

Functional Tests

Slide 112 shows the much used lunge tésbst of the lunge test studies explain the ankle
dorsiflexion range of motioe.g.Powden et al. (201%)r potential ACL problems e.gAlkjaer

et al. (2009) with minimal evidence for any hip connection and the lungeAesst evaluating
inter- and intraobserver reliability and discriminative validity of three movement control tests:
1) standing knedift test; 2) statidunge test; and 3) dynamic lungest, showed an overall good
agreement for the composite, scores and for the majority of théuithed test component.
Although reliablethey advised that the tests should not be used for diagnostic purposes, but

should befurther evaluated toward predicted validityzfanstrom et al., 2017).

I, personallyyalue this test, as it appears tiemonstrate a number of movement malfunctions
around the pelvis and the lower extremit&lthough there $ a derth of research on fatigeiand
neuro-motor control, | believe thathis is paricularly the case with fatigue when the neuro
motor system is not functioning to full capacifyhis has been the case when | have undertaken

this test before and after training.
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- Single Leg Squat

Slide113

Functionsl Tests

The infiuence of changes i trunk and pebe
g sanding on hip and
8 pain free popdation

posture duing sing

e ey
thigh muscle activation

Single Leg Squat Test

periomm a snge g squat ©

Ir

: "etal. 2013, Prior et al., BMC Sp Sc, Med and Rehabilitation, 2014.

Thesingle leg squas commonly used for subjective assessments of general biomechanical
function, injury risk, as a predictor for recovery and as an outcome measure of rehabilitation

(BarkerDavies et al.2018)(Slide 113)

Table5: Variations of outcome of theSingle Leg SquaS($

Author

Outcome

Claiborne et al.,
(2006): Prins and
Van der Wurff,
(2009; Baldon et
al., (2009;

These studies usingehSLS and with systemic reviessmonstrated that there ia
definite link between hipmovement / strength and knee movements / PFP

Nakagawa et al.
(2012.

Trunk, pelvis, hip, and knee kinematics, hip strength, and Glut muscle activatio
during a SLS in males and females with and without PFP showede@tedmany
similarities in finding$or males and females with PRReremay be specific sex
differences that warrant consideration ifuture studies and when clinically
evaluating and treating females with PFPS.

Weeks et al.
(2015.

Sex differences in Slkihematics appear to apply only at the hjjxnee, and pelvis
and not at the trunkFatiguing exercisehowever, produces changes at the trunk
andpelviswith little effect on the knee.

Khuu et al(2016).

The mechanics of the trunk, pelvis, and lowerertity during the SLS were
affected by the position of the norstance legn healthy females. Practitioners car
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. For dronic athletic groin painan SL8id not provide meaningful insight into hip
(2016. and pelvis control or loading during sporting movemeritsat are associated with
injury development. The usefulness of an SLS test in the assessment of moven
control and loading in Aductor Groin Pain patientsis thus limited.The SLS
provided moderate insight into knee control while landing and therefore may be
use in the examination of kndajury risk.

BarkerDavies et al.| Although they found thatomparisons between clinicians were unrelighitey
(2018. supported epeated use of SLS by a single practitioner. They concluded that po
validity against kinematic data suggested tkhnicians use additional information
upon which they find agreement suels estimating kinetics e.g. correlation
between hip internal rotation moment and subjective ratings whereby clinicians
trying to identify excessive abnormal loading.

Warner et al. Due to variation in how the SLS was performed, it was not pbksto determine
(2019 specific biomechanical parametetbat distinguish between pathological and non
pathological groups

SLS: Single Leg Squat; PFP: Patella Femoral Pain; PFPS: Patella Femoral Pain Syndrome.

Although Ihave found value in identifying any biomechanical weakness when assessing the
single leg squaflable5 demonstrates the varied opinions and outcomes regarding this test.
These valuable comments need to be assessed accordingly and has been anirgvitk me
e.g.position of the norstance leg or gender differencdsurtherstudies that discuss the
relevance okingle leg squanclude those of Crossley et al. (201&{tmondston et al. (2023

Nakagawa et al. (2012) amdior et al. (2014).

- Leq Stemlown

Slide114

Functionsi Tests

Step up / down

Burnhiam et al 2016; Knou & &l 2016
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The single leg stegowntest is often done in conjunction witkingle leg squaboth of which

are commonly used functional tasks to assess movement patt&unsam et al., 2016; Khuu et
al., 2016; Lewis et al., 20LB5lide 111 As has been discussed previously, research has shown a
connection between lower extremity injury and weak hip muscle strength angitigde leg
step-downis an excellent clinical tool to assess the functionality of the pelvis and hip joint
muscles dungthis test (Ireland et al2003).Khuu et al. (2016), by performing a biomechanical
comparison of three variations, demonstrated in their study that nosialjle leg squatare

equal. The mechanics of the trunk, pelvis, and lower extremity duringsthgle leg squawere
affected by the position of the nestancelegin healthy females. Thus practitioners should bear
in mind these findings to distinguish betwesimgle leg squatariations and to select the
appropriatesingle leg squdbr assessmenand rehabilitation, be it for any assessment,
including groin and hip assessmeWith this explicit knowledge | now look for all these nuances
when assessing a patient.

Burnham et al. (2016) demonstrated thie single leg stelowntest can be used as a
screening tool to identify individuals with weak trunk and hip strengthe fact thatt is agreed
that further research should evaluate trsingle leg stefglown as ascreening and/or returfo-

play test andhat more studies are required to specify taetions of the pelvis ahhip muscles
during this test, nonetheless, | believe that practically this test is a good indicator of any

malfunction and should be undertaken.



- Wall Running

Slide115

Afunctional testthat | use frequentlyor all my sportsmen and womes my deviseadvall

runningtest. The player has to stand with one leg against the wall in-de3ffee knee flexion

position. The other leg is planted on the ground. He then has to squat to approximate8060

degrees slowly and controlled wi swinginghe opposite arm to the bent knee&S(ide 11%. It is

imperative that he goes down in a plimtine position and does not extend his buttocks behind

him. One starts slowly and then can increase the speed. Ryitseggest that if this is easy for

them, a balance mat is added.

There is no scientific evathice with regards to this test and itssbjective, base on the

Ot AYAOAI yQ& aaSaayYSyiao | 26SOSNE KI @Ay3 aSSy |
in my athletic patients when performing this tegtwould be usefulf studies were undertaken

to verify this test. Regardledsaving developed and used this functional test over the past 20

years with excellent outcome, | would strongly recommendigisfulness in assessing the hip

and groin area (especially lateral hip stability), @il &s the entire kinetic chain arsthould be

used in conjunction with a number of other functional tests. As the slide above shows, the

athlete performing this test ia national cricket spin bowler who had low back problems. |

analysed his movement on this test aigéntified that his gluteastabilising muscles were not

functioning well, particularly with fatigug. KA & ¢l a Of SIF NI & aSSy o6& GKS
side (similar to the Trendelenburg sighyith a comprehensive specific rehabilitation

programmeto strengthen the hip stabiliser$ie returned to high level of playith no further
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problems | also believe that this strategy not only improves the currerihpkbogy, but may be a
factor for strengthening relevant musclaad thus improving performancé&Vhilst with the
Stormers rugby, | used this movement for many outcomes e.g. when travelling to Australia or
New Zealand, the players had to do this exeradigeit 3 am in the morningpr no matter how
fatigued andrritable they may have beerdue to the very long travelling and differetine
zores. This was ttrain the neuremotor system to handle fatigue and ill temp@articularly for
the end of matche. The Coach was in favour of this stratdgshare this strategy in all my

presentations and | believieis used by many clinicians in UK, SA and India.

5b iii. Neuromotor Control

As has been discussedChapter 4 Functional Anatomypeuro-motor control is the

cornerstone for the functionality of the entire bod$tudies have shown that there is impaired
performance of the hip androin area in the presence oértain pathologies which may reduce
control of dynamic movements (Cowanadt, 2009; Martelli et al., 20)1Hatton et al., (2014)
explored the relationshipf balance controand hip chondropathy in young adults during a
dynamicsingle leg squatith eyes open and aingle leg squaiaskwith eyes closed and whether
hip range of motiorand muscle hip strength was correlated withlance measures in adults
with chondropathy.The outcome demonstrated redudéalance performance during a single
leg squain individuals with chondropathy and it wauggested that early signs of hip joint
degeneration may impair postural ctval during dynamic tasks.ndéwledgeof the impact of

pathologies on neurgnotor controlmay assist in the establishment of early identification

strategies for individuals withsgociated balance deficits in order to provide a targeted approach

to rehabilitation as a prevention strategy.



Slide116

Neural Test: Slump

Neuromotor Control - tests

XImus weakness

» Ensure correct neuro muscular firing sequences

The Slump test is alinically useful neural test (Maitland et al., 19&8%ban et al., 2015 ndmay
help indifferentiating the fact of any referred neurological pdiom the lumbar spingSlide

116) The GuteusMaximusfiring patterns the prone leg extensiotest) is a valuable neuro
motor control test which is used to evaluate the function of the lung®ivs, the sequence of
movement and possible effects on structures around #rea (Bruno et al.2014) (Slide 116).
From my experience, | have found this test to be ukefs long as it is analysed correctly and is
not considered to be sacrosanct for a oofé diagnoss. This was showly Lehman et al. (2004)
whose outcome wathat a consistent pattern of activation in throne leg extensiotest was

not found and a variability was seen across subjects.

149



Slide117

Proprioception / NM Control
OBJECTIVE Tests: Progression and Return to full function

MNo standard protocols for measuring Joint position sense or for

joint replication tests.

There is no Gold Standard for measuring proprioception!
{Larkin et al., Clin Orthop Relat Res., 2013)

Essentially, there is no gold standard for objective measuremergrimprioceptian (Larkin et al.
2013) (Slide 1))However, very worthwhile functional balance tests which are used widely are
the Balance Error Scoring System (BEStp(tdulligan et al.2013), the Star Excursion Balance
Test (SEBTEribble et al., 2013nd the Y(YBT) testRullam et al., 2014)

Highly validated Neuromotor Tests

Table6 andthe slides belowshowthe most utilised tests undertaken by clinicians weridde

for assessmendf any neuremotor deficiencies due to the validity and the positive outcomes.

1) Balance Error Scoring SysterBESS Test
Slide118

’lBaIance Error Scoring System - BESS test

reons
Hands ¥hed off hao crests

Opaning eyes

Step, sumtle, or 4t

Moving hip into more than 30° of flexion o abduction
Lifsng forefoot or heel

Ramaining cut of Meting poation lor Moe than 5 seccnds

dng 1 ermor point for each emor conmitied.

PIGUE 123 Buoros wvar sooring syskers (BES5L Top row. e warbece condtion
Bomare Ion, Gof: 45408 COACRon. Left corwn, sakel wanca Mt SR, SRge-
g e A W e

Filipa, J of Orthop and Sp Th. 2012; Muligan et al,, Sports Heath, 2013
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2) Star Excursion Balance TesSEBT Test
Slide119

Dynamic Balance Performance and
Noncontact Lower Extremity Injury in
College Football Players: An Initial Study

C T, Mt
L » ana Protg J Py, PT, C

ipaetal. J Orthiop and Sp Prys Therapy. 2012
. 2013, Fumann et al, AJSM 2013 Gribble et al_ Joun A Training 2013

3) YBTLQ: Lower Quarter Y Balance Test
Slide120

hetal, 2013, Gonellet al. 2015; Butler et al. 2016

Sides 118-120clearly show edttest which is usetly most clintians and features many
presentations / workshopsThe YB-LQ Test is a modified version of the SEBT test and is used

extensively in practicéGribble et al., 2013 able5 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).

Table6: Highly validated Neuromotor Tests

Test Author Outcome

BESS Bell et al(2011). The BESS test cdrtect balance deficitsn participants withconcussion
and fatigue

BESS| Alsalaheen et a[2016). | Theeffects of gender on the BESS performarstgport the gender
specific reference values reported in this study. These reference valu
provide benchmarks for clinicians when interpreting the BESS in the
absence of individual baseline scores.

BESS Ozinga(2018) Despite the widespread use of the BES#indamental gap exists in
applying this tool to young athletesas normative values regarding
concussiorare lacking in youth, high school, and collegiate athletes.
Performance on the BESS depended on sex andhagégularly in youth
athletes. These seand agespecific normative values provide a
reference to facilitate and unify clinical decision making across multip
providers caring for youth athletes with concussions.

SEBT]| Gribble et al(2013. SEBT for dynamic postural control shows that althoughntrarater
reliability of the SEBT is excellent, few authors have determined
interrater reliability. Preliminary evidence has shown paeliability
between assessors

SEBT| Johansson and Karlsso] Recommended that clinically one showloimbine SEBT in the
(2016. posterolateral (PL) and posteromedial (PM) direction with other tests
on patients with FAI.

SEBT| McCann2017. Thechronic ankle instability group'ssometric hip strength significantly
influenced dynamic postural control performance as shown on the SE
test

SEBT]| Patel et al(2018). The normative values of SEB&n be used by physical therapists,

coaches and athletic trainers in order to interpret and compare with tk
normal values which will help to find out the risk of injury.

SEBT| Jaber et al(2018. Alteration in proximal and distal muscle activity appeato negatively
affect postural controland quality of movement, which may lead to
prolonged functional impairments

YBT | Gorman et al(2012). Demonstrated the differences in dynamic balance scores in one spor
LQ versus multiple sport in higlschool athletes using the YBIQ.

Test

YBT | Kang,(2015. Hip flexion was the best single predictor of PM and iirmalized

LQ reaches of the YBIQ. The combination of hip flexion and ipsilateral
Test trunk bending and the combination of hip flexion and contralateral tru

bending accounted for 69% and 80% of the variance in the PM and F
normalized reaches of the YRD,respectively.

YBT | Smith et al(2018. 79% of the high school athletes presented with at least one asymmet
LQ in YBTLQ reach distanceModerate reliability in the PL and PM




Test directionswarrants reexamination of the definition of asymmetry in
these directions.

YBT | Schwiertz et al(2019. | The observedaluessuggest that therBTLQ is a reliabléest and
LQ suitable to detect changes of dynantialance performance
Test in healthyaddescents aged 1-19 years

Chimera and Warrer{2016). Review of FMS, SEBT test, Y Balance Test, Drop Jump Screening Te
Landing Error Scoring System, and the Tuck Jump Analysis
Outcome:Highlighted the need for collaboration between clinicians
andresearchers to ensure validity of clinically meaningful tests so tha
they are used appropriately in future clinical practice.

Bird and Marwick(2016) Evaluation of theFunctional Hop Test, BESS test, the Tuck Jump
Assessment, the Lunge Test, and t8&BT test

Outcome:Each of these assessments creates movement demands th
allow for easy identification of inefficient and/or compensatory
movement tendencies

BESS Test: Balance Error Scoring System; WBLT: Bedgimy Lunge Test; ANT: Anterior Reach
Test; SEBT: Star Excursion Balance Test,AR®wer Quarter Y Balance Test; FMS: Functional

Movement ScreeningPL:Posterolateral; PM: Posteromedial

Table Gexplairs balance studies il detailed analysiClinicians require this knowledge in
conjunction with the clinical application of these tedtsirther, what is required is normative

data for each sports and the specific requiramteinvolved e.g. Hudson et §2016).

Conclusion Functional Tests

The reliability of functional performance tests has not been established on patients with hip
dysfunction (Kivlan and Martin, 2018 thoughmany of the studies are mostly related to
pathologies other than the hip and groialinicians should bear in miride 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 dasacpllated during research studies. Further one
should take note thatidividuals are likely to demonstrate different profiles of injury risks when
screened using different taskEhus again, | comi that each clinician has the opportunity to
analse these tests, as well asise their initiative to developelevant tests for each individual in a

particular sport.

Movementtests 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,



clinicians should be aware that various factors like sex differences, pramjangs 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 implemgtiiem into

clinical practice.While these screeng 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 perspelctiage

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 issueegarding tests is the difficulty of objectivity when undertaking tests for the hip
andgroin. It is important that one understands the difference between subjective and objective
assessment. If one was totally reliant on objective research, many practically gudefd| tests

would not be undertakenMany of the tests are largely subjeatiand heavily influenced by the

Ot AYAOALI yQ& SELISNASYOSo L KIS RSGSt2LISR | ydzy
have not been researched, but nonetheless have given me insight into patient dysfunction and

has guided me to address the defficin the functional movement of the aliste. An example of

this are my hamstring tests which | developed for the Super 14 Rugby team. A PhD student is

currently investigating the validity of these 7 testswtiuld 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.



Slide121

Objectivity in Measuring Performance

\ Force platforms ‘

0y &g ankle (suface EMG slectrodes) Osbome et all 2001, Eiks and
abies at al_Parkinsonssm Relat Disord 2012Noet at al . Soms Gerontol. 2013

A number of researcheifsave attempted to improve the objectivity ofigtional tests by
measuringhe outcome e.gthe force platform Meshkati et al., 2011 and Quatmafates et al.,
2013)(Slide 12} Thevalueof the force platfom has been demonstrated by showirgevant

normative values in male junior socceapérs (U16, U17 and, UyBars)(Petridis et al., 2019

Slidel122

Functional Tests

The Functional Movement Screen

3 a3

5. Leg Raising 3 7. Rotary Stabilty

cé the Funchional Movemert Screen J of Strangth & Conditroning
‘Screen lest A refiable screening test for young elte ice hockey players Phys
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The Functional Movement Screen (FMS) is used extensively in clinical practice and there are
many studies to show thealidity of this tes{Slide 122)Many studies claim that FMS may be a
useful tool in the screening of the athlepopulation with good intefrater and intrarater

reliability Berry et al., 2015Cuchna et al., 201&geder et al., 2018Parenteau et al., 2014;
Teyhen et al., 20)2However, not all studies showed validation of this screening metBadd

et al., 20B; Dorrel et al., 2018Moranet al., 2016. FMS subtests (as well as théY testwere
shown to be weakly or moderately correlated with sedported 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 noontact injury among English Premier League youth
academy playersChus they suggested th#te Functional Mvement 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 thesestsshould be investigated further in adolescent
footballers kecause they may have potential to predict hip agrdin problems(Linek et al.,
2019)

Slide123

Grant Downie (OBE, Physio)
Manchester City Football Academy

¥ FMS is over-rated in isolation

» ltis vital to "screen” players, but its interpretation is key with

many other factors needed to be taken into account.

G.Downie,Manchester City Academy physiotheragjstrsonalcommunication March 14,

2016),expressed a strong convictidhat 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 wih other relevant tests (Slide 123)

Thus reults for the use of FMS are conflii 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.| personally, do believe that there is a role for FMS and hip and groin
assessrant. However, the costs involved, the interpretation of the tests and the fact that this

should not be the single assessmestiould be taken into account.

Side 124

Functional Tests

OBJECTIVITY - Progression and Return to full function

« Joint position sense - upper and lower body

Lund et al 2007, Juul-Knstensen et al, 2008
« Single leg balance
« Step test — shin and Demura, 2007
« Hop test— single / double leg / crossover/ square / timed hop etc
« Hand held dynamometers

+ EMG

2006 Star excursion balance tast_ Plisky et al J Ortho and Physical Therapy
0e contral in steppeng down expected and unaxpected level changes. van
¢ ot al 2008

Although there is some debate as to the objectivityetéctromyographystudies doverify this
objectivity (Khamis et al., 201%¥plide 124 TheElectromyographys mostlyuseful in research
e.g. Serner et al., 2014 (EMG evaluatiorhgd adduction exercises for soccer playeisim et al.,
2016 (usefulness of isometigp adduction during the plank exercise to enhance abdominal
muscle activity)Hides et al., 2016 (Addtor Magnusand Adductor Longismusclesare
recruited to different extents during simulatedweight-bearingtask); Steinberg etl., 2017

(hip muscle performance variables are relatedeg, ankle and foot injuries) ar#hferiou et al.,
2017 (lower extremity control for ballet dancers during turns initiated with and without hip
external rotation). However while Electromyographyrovides interesting insights into testing

protocols and interpretation, it is complex and equipment is very expensive. The use of thisin a
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clinicd setting is limited buElectromyographynay be usefuin research to inform clinical

assessment and management.

dide 125

Objectivity in Measuring Performance

Jain 2006, Wilke 2006, Akban ef al, 2006, Heitman et al, 2007, Rekabiity
Individuals. Cin J Spoe Med. 2009

Isokinetic devices are commonly used to obtain measurements in clinical pr¢siide 125)

Correct positioning and testing speeds are important when considering Isokilygiznometry
(Santos Andrade et ak016and Zapparoli and Riberto, 201&mongst others, two isokinetic
devices that may be usefate the Biodex an8altimore Therapeutic EqQuipmerBTE). There are
studies to validate their efficacBé€njaminse et al., 2008have et al., 20QGlave et al.2016;
Rothstein et al., 198 Vang et al., 2016). However, there are minimal studies specifically on the
groin andhip (Biodex:Claiborne et al., 2009; Reimer et al., 2010; Roy et al.,. ZB0FFazio et

al., 2012 Hoglund et al., 2014; Mutchler et al., 20Pgpovich et al., 201Zmith et al., 2014

Souza and Powers, 200%hese hip studies are of value, but it would be good if more studies
(particularly with the more functional BTE device) could be undertakemnegard 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 expenserdl interpretation is a difficulty when using these isokinetic machiAésne

stage many years ago when | was undertaking my Masters degree (2003), these isokinetic
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evaluations were THE answer. However, although | believe that they were definitely ditbene
have nevemwavered fom my functional subjective tes{gn conjunction with these, where
affordable) as my overall management of the pathologies / malfunctions responded positively

to my functional assessments.

5d. The Influence of Fatique

Theincrease 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, chrom@ntal, central,

metabolic and peripheral, monitoring general fatigue amongst athletes is common practice and
the quantification of fatigue status has gained popularity among researcherslamdans

(Thorpe et al., 2017)

Fatigueaffects the physical and mental capacity of a sports person in respect of optimal
performance (Whitehead et al., 2019hdquantification of fatigue status has gained popularity
among researchers ardiniciangThorpe et al., 2017Regarding tests, bihey specific tests or
functional tests, fatigue needs to be factored into the testing protocols. From my perspective of
working with many different teamsll tests should bendertaken (especially at the more
advanced stge of injury recovery) when thathletes are fatigued e.g. after traininghis
evaluatesthe functional statudikened to the athletic environment and can give insight with
regards to reinjury, performance and return to play. Furthelifferent times of the athletic
calendar may showlifferent outcomes regarding fatigue. There may be discrepancies and thus
believe thatcognisance of timing of tests should be recognised and recorded on an ongoing

basis.



Slide126

The influence of fatigue on the
mechanisms of soccer injury

| The FA Medical & Exercise Science Dept.

Fatigwe was well described b@reigr G | C22 (10 102y TSAB ¥y @RNAK SR
YAYIRBYELOD YR Ay | &atdzReé ¢ Kdyrarkic balénrepgiarinantel SR |
as a function of timgSlide 12& Although this was related to ankle sprains, it may be true of

groin and hip problems3reig and McNaughton, 2014rom my perspective, | believe the

clinician should perform most tests after trainingance the athlete is fatigued whichill give a

true perspective of functional performance (or lack ofw)en fatigued and thus resultant
managementThis is currently not common practice ahsuggesthat it needs to be highlighted

in all sports.

5e. Specific Tests

5e i. Background

Most clinicianverestimate the utility of special tests, assuming that they provide more

decisionrmaking capacity than they do (Brukner and K&017).With so many tests in the

clinical domain, combined with uncertainty concerning their accuracy and reliabilityy hea

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
alAftaz NBadzZ Ga YI & RstdchnBdléxgekise kr expéribned (Fadenf 2 F

and Smeathan?2012). It could be argued that this is also true of functional tdstsm my years
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of working with athletes, | believe thaperience andanin-depth knowledgeof the whole
kinetic chain in varioslmovement patterns, as explained previously, is the dasisorrect

functionaltestingand should beperformed 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 kn&ais dilemma of testing was well articulatedlire book

by Hattam and Smeatham (2012), whereby they explain eachfgpap 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 spéc diagnosis is arbitrary. Further, the clinicians need to

undergo the functional tests in conjunction with these specific tests.

Brukrer and Kahn(2017) A y QIKKFSLIG S NJ Xy AKRA LD didl AYKS A LISOAFAO G S
KAIKEAIKGSRE GKSH DK AR2 dedfaS | A0 SNAa| doBy et AnR2T
FYYR2YS 2F (GKS FTdzyOUuA2Yyd SO AISHEABEK SBNBSGH NGLE N& S RR A
2F OfAYAOIt GSada Ay LI GASyGa o6RIK yRRA LI SWamyl Ad
SIFOK (GSaid FyR Ittt (KSOALGIOSKEAGDSWIANNEGKAL Sy & 24 NE
a0l 0SYSyiGaz odzi (G2 O2yiAydzS (24 SEGLAZNDBIt yREBRY2
LI2Z&A0A DS LINILOUGO2DF & O I2ydaiftO2 M1Syaldf e 4S FyR NBFE SO0 2
AYLINRGS Y& RBRARBR{ Adzi gRYSE P
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Sowda,_ et al. Prws Th in Sport. 2014
HMevin and Delahunt, J of S and Med

Gluteus madius sirangthaning and the usa of the Donated Drop Leg Test in the athieta
Adducior squeazs best vabses and hip joint range of mation in Gaske football athistes with

in 5p Mad 20114

Ramskoy et al. Internabional J of Sp
Phiys Ther, 2014

Thomes ef al. Knes Surg, Sp
Trawma, Arthros 5014

Thortsarg ef al. BJSK. 2014

Torg et al. Phys Th in Sp. 2014
Theebearg et al. BJSM. 2015

Rafn &t al Clin J Sp Med. 2015

Hollock at al J Al Traiming, 2015
Reiman f al, BJSM 2015
Meesler at al, BJSM 2015

Serner et al., BJ5M 2016
Rafn at al Gl J of Sp Mad: Official

Jaumal of the Caradan (2016)

Fujito &f al, J Orhop Soence
207

Azizan & al, Applied Bianics and
Hiomechanics, 2018

Iongsianding groan pain

Hormative vales of sccentric hip abduction strength in novice runners: an equation
adjusling for age and gender

Cross-culbural adaptatian o Swedish and vakdation of the HAGOS for pain, symptams and
phy=sical fnchian in patients with lip and groin desablity due o FAI

Capanhagen hip ard grain aulcome oo (HAGOE] in male soooar referencs valses for hip
and groin inpry-free playars

Spai-apacilic enduwrancs plank best for evaluation al ghbal-:are musck Tunclicn
Patient-Reported Outcome [PRO) questionnaires for young to middke-apad aduits with

e chrimelric awdenca

SPEEifiC Tests |h LSGP: What are the Clinical inplcations

Measuras of functional performanca and thair assaciabon with lip and thigh srength
Phiysical examination tesis for hip dysfunction and injury

‘Which factars diffarantiata athietas with hipigroin pain from theoesa without? A systamatic
revies wilh mela-anaksis

Can standardised chnical examination of athletes with
acule groin injuries predict the presence and location of MRI findings?

Hip Strength Testing of Soccer Flayers With Long-Standing Hip and Groin Paine What ara
the Chricalirphcations of Pain During Tesing?

Duantiative analysiz of the Trendelanburg test and invention of a modified mathoed

The effets of kg engh d=srepancy on stability and Kinemaics-Kineics dewalions: A
SySIEmanc revies

There are many studiesif these specific tests (Slid27). However, the sgcificity of each test is
guestioned on an ongoing badig researches and clinicianand the dilemma of obtaining an
exact diagnosis by the use edichtests remains complext he section below will discuss each of
these tests as they are currently being used in clinical pradiicenderstandng and the
implications of each test and the general outcome regarding a possibleadisigirequired
Clinically, I haveound them b be useful in providing provisional diagnosis, whilke

functional tests provide insight into the movement pattern dysfunctions requiring ctorec

Radiological imaging artdam discussion with othezxperiencectlinicians also adds insight.
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Side 128

Specific Tests

Trendelenburg

Thomas test
FABER test Log roll

FADIR - Impingement test

Gl e
in Sp. - Thamas Tast. 2007
Cuicome af Hip

Special Tests in MS Examination. (Hattam and Smeatham) |3
3 ikbs Raftar Boaloal &AM W7

Anumber ofspecific tests have been developed over the yglans from my experience | have
found it most difficult to use any one as a definitive measure of the actual pathology involved
(Side 128)

5e ii. Leg Length Deficiency (LLD)

Leg length discrepancy (LLD) has been a controversial issue among researchers and fmicians
many years. True LLD and functional Lexhe structural and fuetional LLD, need to be tested
asundertakenby Khamis and Carmeli, 2017, where they foasignificant relationship

between anatomic LLD and gait deviatiemclinical practice there are methods for measuring
LLDA fairly accurate method of testing utilizes a tape measure between various anatomical
landmarks; the anterior superior iliac spie and the lateral malleolus of the fibu(Voerman et

al., 1984) Althoughthis testis 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., 2808)ever,where imaging has

a relatively hgh validity and reliability, these measurements are performed statically and might
overlook the dynamic function of the subje@ther studies describing tests for Linblude
Azizaral. (2018; Badii et al. (2014)Jamaluddin et al. (2011Khamis et al(2017);Sabharwal

and Kumar (2008)
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5e iii. OBER Test

The Ober test and the modified Ober test evalistight, contracted tensor fasciae latae
and the iliotibial bandFerber et al., 201,05Gajdosik et al., 2003; ReesedaBandy, 20083
Slide 129

b1 Marual Therapy; Kendall, K. D et al. 2013 Capdo et al. Phys Th in Sport 2014;

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
GuteusMediusand GuteusMinimusmuscles and the hip joint capsule, rather than thetibial
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 Pafresdt Slide130). The FABERSt is typically used
as a provocation specitdst to detect hip, lumbar spine, or sacroiliac joint pathology, but has
also been used as a measurement of combined&nge of motion It is thought that limited
range of motionwith this measurement may be indicative of lgpthology.Positive FABER test
was found in 19 healthy participantBggwell et al., 200)6and also in the study with fifty
subjects referred for intrarticular hip injection under fluoroscopic guidan@éaslowski et al.,
2010). According to Thomas Byrd (2007) the FABER test has Isibeé both for stressing
the sacrailiac jointand for isolating symptoms to the hipn® should take into cognisance that
the interpretation of the FABER test can bdidiflt, as the position adopted tensions the hip
joint capsule, as well as thkol Psoastendon and the anterior sacroiliac ligamerfstkins et al.
2010).Trindade et al.Z018)demonstrated that the~FABERlistancetest is correlated with the
alpha angt and is a good diagnostic exam for pathological-tgme FAls defined bylpha

angle equal to or greater than 7.8°

5e v. FADIR Test
Slide131

M == Impingement test (FADIR)
SORC-C

Fhotos courtesy of UEFA Footbal doctor education program

asneiran L

- Several structures are impinged in the process

- Itis important to be able to differentiate what structures are causing the pain

’M; AWeir, R.de Vos, M. Moan, P.Hédmich and J,LTol BJSM 2011)

Slide 131 shows the Flexion Adduction Internal Rotation (FADIR) test which is a sensitive

manoeuver thaimay elicit symptoms associatedtiwvsubtle hip pathologyThis test (also known
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morphologyas the combination motions of FADIR may cause an abutment between tlogdbem

head and anterior acetabulum.

Differences in the value of the FADIR test have been reportéubiman and Domi{2009) ¢
FADIRplusradiography, magnetic resonance arthrography (MRA), and injection of local
anaesthetic into the hip joint to confirnthe diagnosisandByrd(2010) - virtually any irritable hip,
regardless of the cause, will be uncomfortable with this manoeuvre. Thus, althbeagdast is
quite sensitive, it is not necessarily specific for impingem€zuppon et al., 2016 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 sidésstudy of sukelite football players with hip
related groin pain and a positiFADIR test exhibited distinct biomechanical differences

compared with the asymptomatic sid&ifg et al., 2018).

5e vi. C Sign
Slide132

Figure 7. Log rofl test, The log roll test is the single most Spe-
e test Tor hip dsorders. WEh The patient supns, gantly roll-
ing the thigh intermnally (A) and externally (B) moves the articular
surtace of the femoral head In refation to the acetabulum but
does not stress any of the surrounding extra-articular struc-
tures. image courtesy of JW. Thomas Byrd, MD

T
the thumt postenor and Be Sogers GRPNG deep Rio e
antery grown. Image courtesy of JW, Thomas Byva, MO

Patients with pain in the groin or hip often point to the area of pain by cupping the thumb and
index finger in theshape of the lettelC(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, 20ili<an and
Furukawa, 2014)

5e vii. LEG ROLL Test

Although there are minimal studies to verify the leg roll tétsprovides valuable insight clinically
for hip pain. Ths 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 notabisance of
a positive log roll test does not preclude the hip as a source of symptoms, but its presence

greatly raises the suspicion (By&2010).

5e viil. Thomas Test

Slide133

Thomas test

onsistent pattern of activahion was not found . Pealer and Andarsan Ph Th in
‘Tjssen el al, Arthrascopy 2012, Thoeborg and Holmich BJSM 2013

The Thomas test and Modified Thomas Tastused on most patients tassess tightness of hip
flexiontightness, rectus femoris and abductors (particularly tensor fdataa and liotibial

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 éxtremity

injuries(Mills et al., 2015)Vigotsky et al(2016) indicated that the Modifie@ihomas testvas
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not a valid measure of hip extension unless pelvic tilt was contrdilether, he potential

effect of warmup on results is aalid consideation. It is also important when performing the
Thomas testo differentiate between soft tissue tightness and joint restrictidwwcording to
Beneck et al. (2018), clinical measurements of hip flexion exaggerated the rbmgeion in

both sexes anthe 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, | used the Thomas test on a daibnbasis
the forwards (and others) to ideifly significant muscle tightnes#s a result, | was able to
address these limitations using the Contrgd®elax PNF technique. It was speculated that
possible injuries due to these tight structures was decrea€eue again, | shald have

consulted research personnel to show this very pesitiutcome. The pity is that clinicians in the
sports field are mostly too busy to interact witesearch people. If | had tofasit my
professional career, this is one of thbanges | would mee and definitely be more intersige

with researchpersonnel

5e ix. Adductor Squeeze Tests (AST) / Adductor Tests

In 1999 Per Holmich stated thanaajor cause of longtanding problems in the groin was
adductor-related groin painDecreased hip adductor strength is a known risk factor for groin
injury in footballers (Crow et al., 2010, Engebretsen et al., 2@%Oa sports clinician, the
benefits of specific strengthening exerciséshe adductor muscles hdseen accepted. Thisas
proven to be the case with the Super 14 rugby team, tremtter Leaguefootballers and other
sports, especially where kicking and changing direction is the norm, as | have shohapier 3

on Anatomy.
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LSGP: Long Standing GrBain; HAGOS: The Copenhagen Hip and Groin Outcome Score.

Over these past years thalueof strong adductorias been recognised and thus tAdductor
Squeeze Tess used in most elite sport, includingeier Leagueand many studies have been
undertaken toshow the validity of this tes(Slide134). TheAdductor Squeeze Tei used in

elite sport to show baseline strength when psereening an athletéDelahunt et al., 2016nd

as an ongoing test during the season to document any decreases in strength which could
potentially result inhip or groininjury (Roe et al., 2016 row et al. (2010) concluded that the
squeeze scores were reduced by 10% one week preceding graiwimjelite Australian Football
League playersis 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 manyePnier Leaguedoctors as to their reasoning for using the
Adductor Squeeze Test spite of the fact that it was noklated toa 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 baséhee

AST Test

140 Elte jurior nughy uinion plavers. The AST in 3
peesilions of ip Resion (0, 45, and 30 degreaes)

13 Gaelc fooihall players with cumamt langsianding
arain pain (LSGF) and 18 matched injny-fres contnols

Using a sphygnamometer, 85T scores wene colecled
a one professional rugby club

4 peceilionez - hip Tewior, 07, 607 and then for the latiar
o tegls Eodh hip and knea Aexion B0°:80° suppored
ared S0 S0 unsuppomad

20 elite kevel footbalkers (16-13 years) withoul présiclrs

outcome

The highesl AST vakes wera ohaarad o1 45 deghess of hip flexan
Marmative AST values in an elite juniar rughy unien papulation
were esiabished L“'lrn:alg.' the sporis medcine projessonal may use
these remits in making decisions on the mansgament of both
symplomstic ard asymptomatic players

Giaakc factball players with LSGP exhibit decreased AST values
and hip Jesnt range of matan when comparadio non-injured
plrpers

Established references ranges for A5 T for nommative pre-season
dala n non-npred rugby players

Al e 18515 decscribed in this shudy Bre reliabke methods of
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Long-lever i abduction |
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Many Tests

r acpseeze siranglh. Howewer, the tesi paformed
sition seems the most promising

Z2 elig youih Toulhall plavers
S-pacond AST was carluned daily Lsing & hand-hakd
dynamiameler (HHD)

5 mak eltg Gaslic Toolbal players

13 male soccer athleles
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Flager morilonng rking the S-eecend AST con b2 capiuned
affeciively and (5 gultable 1o inchuce B pan of secondery IRgury
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Friovidess prabminary evidence Thal pre-seascn AST and HAGOS
Fursticn, spomm and recreaiion SubSCak GCOnes Can B used o
identify Gaslic foothal players at risk of developing grodn injury.

Preseason hip AST is lower in male scoonr athletes who have
hexd past-seascn groin pain for more than & weeks compared with
snccer athktes without past-saason groin pain, independant o
curranl groin pain slalus and &g

Rautine Siec AST may allow the early identificatan of affected
Iew hackey players and indicabe yalow and red kght sduatiors, in
which players may benefil from load management and approprisbe
hip muscle srengthenng

Adductor Squeeze Testay also be helpful to gauge return to play readiness.
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Slide 135

Squeeze tests

After training

>< ﬁ!z Jnu of Spnﬂ I:n: Officed Jounal of te Canadan
Tl of Science and Medicing in Sport ! Sports Medicos Australa; Delshunt, et &
ghisn, et 8l 2014, Newin and Deiahunt 2014; Light and Thorborg (2016),

Forthe pastyears there has been debases to which position is best for thductor Squeeze

Test(Delahunt et al., 20L1Falvey et al., 201%jght and Thorborg, 2016ovell et al., 2012 The

consensus appears to be tleeook lying position as demonstrated on Slide 135 which is used by

most d the elite sports withwhich | am involved.

Slide136

M ==/ Isometric adductor test e e

Photos cowntesy of UEFA Football docier education program
ASPETAR ‘ ) 1

am PhysicianCourse. Nov 2016

At the advanced team physician course (2016), Holméhonstrated the Aductor Squeeze

Testwith the legs in extension (0 degrees), claiming that this was #s¢ 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 O degrees. However, to improve the specificity andfessprobability of
diagnosis, the clinician may perform these tests with the combination of dlifpe#pation) and

radiological findings.

TheAdductor Squeeze Testl & | f 42 aSNBS a4  LINBfAYAYIl NE
populations. However, aalectromyographystudy 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 beepeated in variougnjury 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 israrged before a definitive

conclusion can be ascertained.

Slide137

Copenhagen five-second squeeze: a valid indicator of
sports-related hip and groin function

K Thorberg, S Branci, M P Nielsen, M T Langelund, P Hélmich, 2017

Figure 1 Mumerical pain rating (0~10) dering the Copenhagen
fve-sacond squeede (Sght), and the raffic light approach Jet(). Red
Bght indicates the player thould STOP current foothal activity and
should seek dinical workup by a health professional. Yelow light
inScates ATTENTION, e player should be disically reiesed by 3 haalth
professional Before foothall actity and perticipation level are decided
on, and green Sght indicanes GO for Soomall actraty and patkapason,
But may o relation 10 setum-1o-foothal 8l seed & disical seview by &
health professionad before dididing on the acuad partiopation kel

TheCopenhagen fivsecond squeeze test deemed to bea valid indicator of sportselated hip
and groin functionThorborg 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 sportslated hip and groin function is indicated. It has been
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likened2  GUNI FFAO fAIKGE Ay (KS YI yisB&IWSygsth 2F 7T
elite sports | find this to bean easyest to performand appears to have a positive outcome in

my managementlt has also been suggested that this test may Ipeaamnising resarch tool for

future research. Thi€openhagen fivsecond squeezeest was further validatedn the study of

ice hockey players and by indicating yellow and red light situations, they hypothesised that

players may benefit from load managememd appropriate hip muscle strengthenisggategies

(Worner et al., 2019).

Slide138

Mosler and Serner 2014:

Mostly testing movement

not specific muscle

Ramskov, etal. Int J of Sp Phys Th. 2014

As discussed by Mosler and Serner (201#0 tests for adductors are mostly testing movement
and not a specific muscle and this must be taken into conataerwhen performing the tests
(Slide138).

172



Side 139

Summary: Adductor muscles

Adductor strength may be an important objective
outcome for Prevention, Rehabilitation and to

assess RTP readiness.

Helmich 1558 Hogan 1006, Cunminghass etal, 3007, Crow etall Sci Med Sport 2010; Engebretsen o1 &l AJSM 2010; Halmich 2011;
Wedr et al 2011, T"IM #tal, 2013; Delmare o1 8l Adduttior lengus sLtlivation duriing commen hip exercises. Journsl of Spen

014 © et al. Mormative Adductor Squeeze TestValues in Elte Junior Rugby Union Players. Clinkcal Jowmal of
Sport 2014; Aerts etal, Addwotor kongus tendon napture fori rated inguinal hernia infury 2014; Jensen etal Aoute
and sub effects of repetitive kicking on hip adduction torgue in injury-free elite youth scocer players. J of 5p Sciences. 2014

In conclusionas discussed on Slide 139s an accepted fact that adductor strength is a clinical
indicator used in both injury prevention and rehabilitation, and should be toosi in the
athlete. It is interesting that to date studies are still attempting to fine thest test for adductor

musclestrength as here is still no clearly defined test.

From my professional work includingpnferences | have attended over thegpd Oyears it

seems that theAdductorSqueezeTestin 45 degreesising a dynamometer and the Copenhagen
five-second squeezis performed by most of therBmier LeagueFootball clubs as a screening
and a prevention stragy for groin and hip problems. Thioiten ona weekly basiand useful

as a tool to monitor fatigue and potential groin and hip pathologies throughout the season.
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Slide140

Groin Bar

‘strength assessment systemin varsity soccerplayers

Interestingly, in April, 2019,dresenteda Hip and Groidecture at Crystal PalaceoBtball Qub
and Bournemouth éotball Qub and they showed me a relatively new machine teess
adductor strength that these cligwhich they ee currently using with excellent effect,
particularly as it is reliabland objectived h Q. NA&A Sy (Slide 140 THSSmay: be maos
useful for a more objective approach to assess groin anthiupes as well as potential

problems

5e x.The Copenhagen Hip and Groin ScadAGOYP
Slide141

= HOOS, HOS and the HAGOS Questionnaire for Hip Evaluation.
(Thorborg etal 2010)
The Copenhagen Hip and Groin Outcome Score (HAGOS):

development and validation according to the COSMIN checklist.

(Thorborg et al., Br J Sports Med. 2011)

EMG evaluation of hip adduction exercises for soccer players:
implications for exercise selection in prevention and treatment of
groin injuries

(Semer et al BJSM 2013

en et al, Arttroscopy 2012, Thorborg and Holmkch BJSM 2013, Thorborg,
s Sciences,
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TheCopenhagen Hip an@roin Scorés a validated outcome measu¢glide 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 glslighits any
restrictions in the level of participation and quality of life for the athl€3eudies that

demonstrate the usefulness @theCopenhagen Hip and Groin Scpretocol with good
outcomesincludeDelahunt et al 2016;¢ K2 YS S S (iThdrkord &al., 20142017 and

2018. These valuable outcomes include the evaluation of patients undergoiagthipscopy
andalsolower Copenhagen lgiand Groin Scorseubscales 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 b used both for research and in the clinical setting at individual and
group level.l have only used this protocoi these past few years and found it to be most

effective. Hence sharing this with my colleagues is most meaningful.

5e. xiHand-Held Dynamometer HHD

Slide142

Hip adduction strength, supine position (HADD-SUP)

The persom being tested is in the supine posstion, with the hip
ia neutral position. The test-keg and the resistance point are
placed over the cad of the tablke. The opposite kg & flexed.
The person being testod bokds on 1o the sides of the table
with both hands. The examiner applics resistance o a fived
posstion and the person being tested exerts a maximuom effort
aganst the dynamometer and the examiner. The resistance is
applied 3cm proximal to the proximal edge of the medial
malleol, against hip adduction. The standardised command
by the examiner is “go ahcad-push-push.peshepush and
rekax” (lasting 5s)

Hip adduction strength, sidelying pesition (HADD-SLP)

The persoa bang tested s in the sideslying position. with the
hip in meutral position. The opposite hip kg is placed on a
stool m 90 degrees of kip flexion, The penos being tlested
holds on (o the side of the table with the upper hand and rest
the head on the lower arm. The examiner apphies resistance
in a fived positon. The person being tested exerts a maxs
imum effort against the dysamometer. The roustance is
applicd 5om proxemal 1o the proximal edge of the medial
malkeol. against hip addoction. The standardised command
by the examiner © “po ahead-push-pesh-push-push and
relax™ (kastmg Ss)

g 8 hand-held dynamometeris reliable K. Thorborg etal.,

Slide 142 demonstratesi¢ handheld dynamometewhichhas been used by many clinicians

over the past years. A few studies have demonstrated the validity of thisRakther et al.,
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http://www.koos.nu/HAGOSenglish.pdf
http://www.koos.nu/HAGOSenglish.pdf
http://www.koos.nu/HAGOSenglish.pdf

2010 Hanna et al., 201Mlosler et al., 2017Stark et al., 201;IThorborg et al., 2010fhorborg

et al, 2013; Wollin et al., 2017)heseauthorsconcluded that this procedure is perfectly suited
for the evaluation and monitoring of athletes amsbuld assist assessment and management of
an athlete's return to play following injurAlthoughthe handheld dynamometers a promising
tool for obtaining reliable hip strength measurements in the clinical setting, -tetstier

reliability has been questioned (Thorborg et al., 20TBjs is especially so in situations where
athletes exhibitdifferences in uppeextremity muscle strength i.e. male vs femdtawever, if

one requires a more objective measurement, this tool is more objective and specific compared

to the manual squeeze test.

5e Xi. Endurance Plank Test: Ligamentum Teres §est

Slide143

Fig. 1. The setting of the sport-specific endurance plank test (from the view of test
adevmstrator ), with the subject remamang in the basic plank position. is shown

Conchision: The findings suggest that the spart specific endurance plank test s a valid, rellabie and
praceical meshod for assessng global oore suncle endisance in athlses gven thar o bad one Lami)
Veraion Tl Takas pUe jved 6o iriniwermeil

The sporispecific endurancelanktest has been shown to be a valid, reliable and practical

method for assessing global core muscle enduraneghletes (Tong et al., 2014)he

Ligamentum Teres Test was shown to be an effective way of assessing the presence of

Ligamentum Teretears with moderate to high inteobserver reliability. In addition to an

Ligamentum Teretear, the presence of a pincer lesion or labral tear requiring repair are also
associated with a positiieigamentum Teres Testsult (@ 52 Yy St f).Idd dot usdtle> H nmn

Ligamentus Teres tesas | personally cannot conclude that the Ligamentemed specifically is
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the problem. Howeverthe forward and side plank can be usetlobserve strength of a#ain
areas e.g. core musclehese tests should be considered with a battery of otlestd, as they

are not specifi¢Slide 143).

5e xiil. Palpation

Slide144

Clinical examination - Palpation

d ‘_ S Ouner - Aspetar Conference 2014

At the Aspetar conference (2014), Serner discussed the importance of palpation in conjunction
with other specific test$Slide 144. This wasgreedby Serrer et al. (2016) anérofessor
Holmich at the IOC Advanced team physictanurse (2016).
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5e xiv. Muscle Flexibility Tests

Slide145

aspeTan ¥ Lt w

Clinical examination — Muscle stretch tests

ndreas Serner - Aspetar Conference 2014

Muscle stretch tests were described at the AspétaoinConference@oha, Qatar2014). In
particular, the adductor muscle strgt and the Thomas test (Slide )4%hese two may be
important in terms of prevention of injuries, as tightness of the Adductors and / or the$lias,
Rectus Femoris or Abductorhanges the biomechanics and thmay have an effect on

potential groin or hip injuries. However, the clinician should be icaistregarding the different
stretching tests and the timing of them, as the tightness may be dependent on pre or post
activity. | personallytest the flexibility of these musclem an ongoing basesnd integrate the
specific test with functional tests sh as wall runningzurther, the tests that | 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 accordifglgher research is required to

validate these practical findings.
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5e xv. Muscle Resistance Tests

Slide146

ASPETAR Y Ll

Clinical examination — Resistance tests

Serner - Aspetar Conference 2014

At the same Conferenc®6ha, Qatar, 2014 Serner, when discussing the prediction of MRI

injury location using clinical examination, discussed resistanceeégatsating muscle strength
against manual resistan¢8lide 14). 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 actuatrength for specific movements related to the sparniot

undertaken e.gflexion, adduction anéhner range of motiorfor the kicking motion which | test
pre-season and throughout the seasadrhis is critical to prevent injuries and for rehabilitation

and for full functional return to play.
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5e xu. Proprioceptive Neuromuscular Facilitation (PNF)

Slide147

As Slidel47 demonstrates a specifie®NF test to mimic a particulaports activity is of utmost
relevance. As | have alluded to previously (Chapten3hy work with all different sports | have
found that a PNF technique (flexion / adduction and external rotation) performed on the player
in order to assess the strengti the adductor muscles is very reliable. There is little evidence
with regards to the use of PNF as an assessment test. Howeéhare been using it for many
years as a preventative, management aetlrn to playstrategy 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 | worked from
2000¢ 2006.Currently (2019) preseimg to football coaches in the communityolbserve this

same weakness in the kicking action positidius, his neuromuscular pattern of movement
appropriatefor the specific funtton, requires attentionnot only for stability and general
strengthenirg 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 theffield o
groin and hips and analysitigeir impression of the specific value of certain tests.
Slide148

Recurrant/chronic groin pain
Fairly typical picture emerges

* Decreased Groin Squeeze

* Often Lack Internal Rotation hip

* Poor Lumbar Extension Control

* Anterior femoral head translation / lack of posterior glide

* Predictable mvt dysfunction hip dominant tasks

* IS THERE A COMMON DENOMINATOR...?

ampton FC. FMA Conference May 2016

Wright 2016 stated that a fairly typical picture emerged witkcurrent or chronic groin pain.

Apart from the decreased strength with thelductor Sjueeze Testthe footballers often lacked
internal rotation of the hip, had poor lumbar extension control and preditdanovement
dysfunction of the hip. He hypothesised that the common denominator was a weak inner range
of hipflexion (Slidel48). Thisinformation coming from a football club where studies are being
undertaken on groin and hip injuries and a constructive preventative strategy is currently taking
place meritsrecognition Subsequently, | have be@ssessing and implementing these nuances
where possibleand finding these observations to be most productive. | thus share thismyth

colleagues when giving presentations.

At the Aspetar Conference (Doha, Qa@b14), Andreas Serner demonstrated clinical
examination techniques in athletes @mattempted 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.
Slide149

What are the new findings?

evidence that the following factors differentiate
in pain from those without:

Patient-reported cutcomes
Presence of pain on the adductor squeeze test
Reduced strength score on adductor squeeze test
Reduced range of motion in hip internal rotation and bent
knee fall out
Altered trunk muscle function.

differentiate athletes with hip/groin pain from those without:
» Presence of pubic bone cedema and secondary deft sign on
MRL

near future?

» Provides clinidans with an overview of how well measures
commonly used in the screening, assessment and
management of athletes differentiate between those with

 factors differentiate athletes with hip/groin
atic review with meta-analysis. BJSM

An important systeatic reviewto seewhich factors differentiate athletes with hip/groin pain
from those without was undertaken by Mosler et al. (2015). dbeome showedhat patient
reported outcome pain and reduced strength on thedductor Squeeze Testeduced range of
motion ininternal 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 managingrai groin

pain. This is advised to be done with relevant radiological img&ide 149.
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Slide150

Text Box: Obtgective Examination for FAI

Standing
« Poxture Patient imerview- subjecrive Nstory
» Lumbar spine Range of Motion Iwith repeated motond

« Single leg stance (right and left) - S
o Single fag stop down (right and lod) Observation {Big Pictare Assevsment]

* Squatting

* Walking Gae Triage/Scroening/Hip Sensitive Tests
& unning Gak o Soreen for Seniaus Pathalogy (Ned flape]
Supine «  Screen for Lumbor Sakne Pathology

o Hip Baxion range of motion [ROM|; actve and passive «  Scroen for Pebvic Gudie Pothalogy

o Hp intermaliexiemal rolation ROM (active/passive)
« Hp adduction/abduction AOM (activepassive) M lntro Articuer fathology Teats of
o Jont play (antarice'podtenor glide) Hpﬁ s«w_lvv-(y . 2
o Thigh threst 10 rule out S1 joiet o Diogrosns tmegng (pateraiaty bot

o Swagh leg raise Imonitor trechantar and hamstring Sy oot or i)
Inmgth) "Ruling " ntra-Articular Pathology
» Thomas test (hip flexor length} o Intro-Articulor Hip Special Tests af
-Are 7

o Musche tests (liopscas, TFL)

o Flaxion IR sast Migh Specifickty

o Pupation -

Prone Daetormination of Diagnosis &

o Active hip exaension (palpating for hams vs. ghat activity) Progrexsion to Clinical Astesament of
o Hp intarmalextemat rotation ROM [sctive/passive) npair Activity

o Musole tosts (Ramsaings, glutews maximus)
« Palpation

» Static seletied posision
o Mock back .
Sidelying Figure 1.

¢ Modified Obar's test Joart Related Examimation with Progr
o Muscie test (glutous medesl

Sitting

o Hp intarmaliextemnal rotation ROM (active'passive)
* Muscle test [lhopsoes)

o Treatment ',‘v‘.nn\..l'

Reiman and Thorborg. IWSPT. Nov 2014

Two good studies that providedstructure and overview of all tests were thatlobudon and
Reiman 2014)and Reiman and Thorborg (201@ide 150. This structured approactor

examining groin and hip problemnsay be helpfulThe strengths and limitations of each
component of these approaches vary from athlete to athlete. Thus these systematic, cogent, hip
examination and asses&nt approates shouldalways be individualized to each particular
athlete and situationTherefore in spite of these good studies, perhaps the clinicians can devise
their own examination strategies based on their experience, the evidence based medicine and
clinicalreasoning.

When | give presentations or treat athletes, | always state thate is no set recipe, as not only
are the athletes all individual, but the sport / position within the sports will have very different
demandsl 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 initi@liig pain.This is a key
component to my approach of groin and hip probleraarther, 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. Howeyeércontinuouslycommunicatewith my colleagues wiare
experienced in this field, attend hip and groin conferences, as well as research all studies and
attempt these to see th@racticaloutcome. | feel it best to nablindly accept all the new
researchput analyse thoroughly and reaaccordinglyOnce a certain protocol is implemented
into practice and | observe effective outcome, | share this with my colleagues in order to enrich
their knowledge (as mine has been done since undertaking this thesisuséquent

management of the groinral hip area.

5g. Caution
Slide151

N.B.

Maintain / Improve hip ROM

2??7??7°7?

Many studies discuss hip and groin pain and relate it to decrease@ige of movementAs a
physiotherapist dealing with groin and hip pain, one is taughthtontainfull hip range of
movement(Slidel51).
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Slide152

Assymetric Hip Rotation in Professional Baseball Pitchers.
MeCulloch CONGLUSION

Characteristhe difforunoss exist i the rolatien of the stanos

asd strido hips in profssional hasohall pitchers. There

exists a swhsct of older, slender, and more experienced
ih increased E

Correlation of cli - balletdancers.

Duthon et al., Arthros

ehvand &0 LI
daMferences siwn in the shoulders of these same athletes

This study also adds to the nermative data fer hip rotation

im professional baschall peichers. Buch data may belp dif

The gymnasts'h e g L e T O mMatic elite athletes.
patentially be a tarpel for mberventions L isprove pilching

ar prvent injury

Papavasiliou et al_, 3

Groin pain and hip range of motion is different in Indigenous comparad to non-
indigenous young Australian football players. Taylor et al. J of Sci and Med

Australia 2011

Ethnic Differences in Bony Hip Morphology in a Cohort of 445 Professional Male

Soccer Players. Mosler et :

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 activifié® different sports and
adaptations of the hip to the specific sport must be taken into consideration. This variation in hip
range of motioramongst different activities / sports has been shown in a number of studies
(Elite female ballet dancerdDuthonet al. (2013); Professional ballet danceksolo et al., 2013;
Tennis players and Baseball playeEdlenbecker, et al. (2007); Baseball Playdiset al. (2015);
Gymnasts Papavasiliou et al. (2014) and Australia dane€isan et al. (2018Jurther, gender
dependent differences in himnge of motiorand impingement testing has also been shown in a
study by Czuppon et al. (201&).my presentations, | have been highlighting the fact that there
is adaptation of the hips to certain movements beingfpemed repeatedly in specific sports
such as baseball, gymnastics etc. Further, there are ethnic differences nehidhe

consideration fosler et al., 2016Taylor et al., 20D Side 152.
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Slide153

P SUONGIN And range of Motion: AOMMal values oM & Professional 100Mall league
Androa 8 Mosler ***, Kay M Crossley™ ' Kristan Thorborg”, Mod J Wivieley” Adam Weu*
Andrens Bermer®, Per Mowicn**
Participants (n=304) age (years) 2644 8, height (cm) 17726 8, weight (kg) 7329.3; BMI (kg/m?) 23:3.4
Dominant Non-dominant Profile Ranges

Mean:SD MeanzSD Normal
swrengt s oo

Squeeze (Nkg) 361208 2844

Adduction (Nm/kg) 299+06 298:06 24-36

Abduction (Nm/kg) 259+04 256404 2230

ADOD/ABD ratio 11703 118202 0914
Range of Motion

IR with 90° hip flexion () 31779 326181 24-40

ER with 80" hip flexion () 384+84 379185 30-47

IR in prone (*) 394+81 373481 30-47

Abduction (°) 497275 498172 42-57

SO~ surndard drviaton. ADD* soduction ABD* atducson IR* iemadl rotason. BR~ sateenal rotason

More studies are required showing normal values for hip strengthrande of motionn

different sports and thus giving basic guidelines for future reference for clisiasiarking in this

field (Slide 158 Mosler et al. (2016), showeamal values fohip strength andrange 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 notneed 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

Slide154

Hip-related groin pain Adductor-related groin pain

* Passwve abduction (ROM)

* ROM
. P ¢ Fain on resisted adduction testis
- Flexion, internal/external rotation, sbduction F'( m & : \._Ij‘f Povy ne

Symmetrical? * Local tenderness of the adductors

* R
P

Pain?

Pubic-related groin pain |Bopsoas-related groin pain

* Local tenderness of the pubic bone * Local tenderness of the opseas
{inferior/supericr and/or symphysis) ForvgiulGas)|

« Inconsistent; pain on resisted adducton * More likefy if :

testing |abducted, 0°/45") or abdominal * Pain on resisted hip flexion

testing * Painon ;Eopwes SUSLCHINE proitd 2

Clinical examination of groin pain in Robbart van Linschoten, MD, PhD
athletes | Aspotar, Qatar

Slide155

Inguinal-related groin pain
Pain/tenderness infover the inguinal canal
region
No palpable inguinal hernia
More likely if
- Pain on Valsalva/cough/sneeze
- Pain on resisted abdominal muscle testing

N/

Impingement?

* Good sensitivity, poor specificity
{I! ROM, FADIR, FABER -tive : hip less likely
« Suspicion = treat / investigate as appropria

AR TR ~ Eateviad (i
(FasER)
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Basedon the Doha Agreement (2014nd the clinically based taxonomy to categorise
anatomical areasa useful overview for testing défent pathologies as shown on Slides 154 and
155, has been adopted by many clinicighan Linschoten2014). My belief is that the way
forward is toendeavourto explore this testing regime which is more structured than previously.
However,l would not make this the absolute criteffiar testingathletes, ad still believen the

value offunctional testingn 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 eanseful but mostly lack specificity,
whilst the functional testslemonstratefunctional 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 timeand analyse the outcome of all tests which may give clearer insight
to a diagnosisAs | stated previously, | 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, notitng alat

adaptations and biomechanical nuances in order to improve the treatment outcome.

Conclusion: Functional and Specific Tests

A

¢CKS LINBaASYyGlraGA2y 2F Ydzt GALX S O2y OdzZNNBy G LI GK2f
RAIFIy28GA 0/ (FBRAIGNIKG R 055  ydzYo SNJ 2F (KS &l dzRA
a 20SNIftf GKSNB KFra 0SSy y2 LINR2RAZHEY2HES alak NI
SEOStt Syl 1y xvdefRiased iedicine® € | i AW A 23 | THAIOy R S&LISKO A
NEIlj dzZA NB 20 & SN (i 2 ¢ KBy Of i yAOAZ Ny DI o/t KBy O2Y0
NBIFIaz2yAy3a IyR Y2ald AYLERNIlIyGtes O2ftFr 02N dS oA
FASERD® CdzNIKSNE Of Ay A OFSENI FIEKLSS NeRSS NGBS | AyaR 20T 1KNIR
KIS y20SR Ot AyAOAlya K2 NBO23IyAasS LI GaSNya |
KI S 06SSy 4dz00Saafazy® ORRIA2EDdr I06S1i&EA 1GKHHES VS
A0 NHzOG dzNBR YRASHBSYKINBASEF NOKSR |yR G(GKdza y20d NE
LRSYGAFEAYT Iyl G2YAOLT 06SaLISOALffe FdzyOQGAz2yl €
ALISOATAO AyediNS RI kS NHyON @SN A0 2 2 Y2NB @t dzf 6t S
INBYRY LEAL Kyz®> | f 1 K2dz3K HEKR AAKAFBEABBY IDES Y 21085 1y
Ittt (KS&aS (Sadta yR RS@GAAS I YIEylF3aSyYSyid aidNyGS
SYGANB 1 AYySiHANE DKy AyyP3 COMNIKS NEF K2t 23A83a 0KB2Y
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Chapter 6: Radiolgical Imaging

6a. Introduction

Radiological imaging has continued to evolve over the past 10 years. The importance of relating
the anatomical, clinicand imaging findings is fundamentalthe assessment of an injured

athlete.

Slide 156

(‘ﬁ Investigations
*J .’ X-ray

Bone scan

CT scan / CT spect

MRI/ MR arthrogram

Herniography
Ultrasound
Diagnostic LA injection into hip

Hip arthroscopy

ars, 2012:Dr Richard de Villers 2012, Bullet points Groin Hip Handbook

There areanany 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 pathologiesi(d)de

Branci and Robinsaf2014)stated that theinterpretation of the existing radiological literature

on longstanding groin pain in athletes remained a challenging task. Current evidence was based
on relatively few studies of varying methodological dgiyalThe 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 andidgnoses affecting study participants. Moreover, the existing diagnostic
terminology was confusing and characterised by a general lack of consensus regarding

radiological definitions and diagnostic criterighus 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 abngStanding Groin Paisppeared to be subjectively
assessednoderate to marked oedema of the Pubic Bone Marrow and {sgraphyseal soft

tissues or partial disruption of the soft tissues involving the anterior joint capsular, adductor and
NBEOGdza FoR2YAYAa UGSYR2ya oWOf ST (rédao véliaee 02y Of
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 havele in helping differentiate the

many clinical entities described@his has subsequently been a work in progress over these past
years and was somewhat improved by the Doha International Consensus Agreement (2014)
wherebythey claimed thathe differentanatomical entities may aid in more specifically targeted

imaging.

Although nany studieshave demonstrated the value of MRI over the past yeArsfield et al.,
2006; Khan et al., 2013; Mullens et al., 200&ar et al.2008;Ozcakar and Utku, 2014;alizch
et al., 2013Reurick et al., 201Zlavotinek et al., 2005; Sofka and Pavlov, 2001; Zoga et al.,
2008, various studies such as that Byanci et al. (2013) andoga et al. (2008)ighlight the fact
that although radiological findings seem to catsintly appear, these are not necessarily

connected to clinical sign$his is key to my approach in my professional practice.

Slide 157

Tannis Classification of Osteoarthritis by Radiographic Changes

Tonnis grading system

* Grade 0: no signs of osteoarthritis

* Grade 1: sclerosis of the joint with minimal joint
space narrowing and osteophyte formation

* Grade 2: small cysts in the femoral head or
acetabulum with moderate joint space narrowing

* Grade 3: advanced arthritis with large cysts in the
fermoral head or acetabulum, joint space

obliteration, and severe deformity of the femoral
head.
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Different methods have been used classify osteoarthritisf the hip (Terjesen and Gunderson,
2012). The Tonnidassificatiorhas been widely accepted for grading hip arthritis and has been
used over a number ofears(Slide 15Y. However, Valera et al. (2016pncludedthat the Tonnis
classification was a poor method to assesdyeatages of hip osteoarthritis artle routine

use in therapeutic decisiemaking for conservative hip surgery should be reconsidered.
Currently, the discussion amongst practitioners involved withgaim, is the importance of
having a grading system for hip morphologies and the implications of developmé&hodra

Acetabular Impingement Syndrome (FA48Y possibly OA.

Table 7 Radiological Interventions

Author Imaging Outcome
Register et al | MRI MRI of asymptomaticparticipantsrevealed abnormalities in 73% of
(2012. hips, with labral tears being identified in 69% of the joints.
Jung et al. US and CTA Investigated the sensitivity, specificity, and accuracy8és well as
(2013. the CTAfindings and arthroscopic findings for the diagnosis of ante

superior acetabular tear and correlated tear types.

The outcome was thatonographic examination as a diagnostic
technique was of limited usealthoughCTA showed reliable validity
in the diagnosis ofacetabular labral tears.

Reiman et al. | MRI, CT and Acetabular labral tear was present in 285% of individuals with hip
(2014). ultrasonography | or groin painand can occur as a result of trauma or degeneration a
are markedly associated wifemoral acetabular morphological
variationsand maylead to biomechaical deficiencies

Thusimaging methods such &8RI, CT and ultrasonograpthave
demonstratedreasonable accuragybutnot at a level that allows use
as a stanéalone measure.

Ho et al. MRI Obtained predictive value of-B MRI in diagnosing grade 3 and 4
(2016). chondral lesions in the hip. They concluded that with a low positiy
predictive valueMRI may be most useful in ruling out cartilage
lesions.Even though MRI showed increased sensitivity when
identifying acetabular defects, once again ttedy does not
differentiate between symptomatic and asymptomatic hips.

Madaniand MRI Detailedclinical assessmenis necessary but remains challenging
Robinson, because of the nonspecific presentatiomsmaging and in particular
(2019. MR, plays an essential role in the evaluation process.ddily when

the two are used in combinatiortan an accurate diagnosis be
reached because seral studies in asymptomatic athletes show th
reactive changes are common

CTA: Computed Tomographstiography, MRI: Magnetic Resonanaadging US: Ultrasound



A few Radiological interventions are discussed in Tabled demonstrate high abnormalities in
over 50% of the footballers, which may or may not be symptombticly experience with the
PremierLeague Footbalas well as many othalite sports the value of ogoing research to see
when theasymptomatic pathologiefound on radiological imagingecome symptomatic and the
long term consequences of éke findingswould be most usefulWith all the presigning and
screening of Premier League football players, the incidence of asymptomatibatzetiabral
tears and chondrdksionsshown on imagings very highWhat the long term implications are
and what management strategies should be undertatath the players with theséesions,

albeit asymptomatic, needs to be further explored. Importgnthe value of these findings
RdAZNAY 3 AONBSYyAy3a ¢AdK NIEefuirddBaiefulicéhsideratioitbélidvé NI a
that undertaking a strengthening protocol for all the footballers, and ipatarly those with any
abnormdities within the hip, is a preequisite for all management and patrticularly the

prevention of asymptomatic morphological changes becoming symptomatic.

Slide158

Aspetar: Radiological Imaging

Results Diagnosis

Abdominal

Negative imaging
. 228 '.'E'i} ‘
» 25% (US)

Serners findings:
- 1/4 of all diagnosed injuries are negative on imaging

- clinical presentations of RF & IP especially, often appear different on imagin

A presentation at the Aspetar Confeimn Doha, Qatar2014), was given b$erner who broke
down the different anatomical areas and explained the relevance of imaging in diagnosis (Slide
158). One quater of all diagnosed injuries we negative on imagindralse negatives and false

positives are areas of concern and ndede 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 | have
seen to be the case occasionally in sports praciliteisimaging should be undertaken in
conjunction with soad 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 spdis have different loads on the hip joint which magdome patholgical and are

frequentlyidentified on radiological imagg.

Slide 159

icers: dynamic and morphological evaluation based on i

One needs to take cognisance of thffefent sports and the effect on the bony morphology of
the hip joint (Slide 159From my work with many different sporésd recreational activitied
have found that the twanost challenging sportsperforming artson the groin and hip region

are gymnastics and ballet.

Table 8 Different Sports and Implications on the Hip Joint

Sport Author Outcome
1. Gymnastics | Papavasilioet | Elite gymnastshare four common morphological characteristicsdRIthat
al. (2014) deviate from normaland are considexd to be the result oadaptational
changegelevant to the specific sport
2. Ballet Duthon etal. | Repetitive extreme movements can cause femoral head subluxations and
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(2013)

femoro-acetabular abutmentsn female ballet dancers with normal hip
morphological features.&hologic changes seen dhRlwere symptomatic in
less than two thirds of the dancers

2. Ballet

Harris et al.
(2016)

In a professional ballet comparg high prevalence of radiographic
abnormalities was found, including cam and pincer deformity and dysplasi
The results also revealed several-sebated differences of these abnormalitie
in this population e.g. greater prevalence of CAM morphologyater(48%
and 57% subjects) versus female dars (8% hips and 12% subjects).

3. Soccer

Gerhardt et al.
(2012)

The prevalence afadiographichip abnormalities in elite soccer athletes is
common, particularly in young male athletes

3. Soccer

Branci etal.
(2015)

Up to 71% of male asymptomatic soccer playbsplayed diférent positive
MR findingsand asymptomatic socceplayershad significantly increased risk
for BMO, adductor tendinopathy and degenerative changes than non
soccerplayers.Moreover,positive MRI findings were significantly more
frequent in soccerplayerscompared with nonsoccerplayersirrespective of
symptoms suggesting that these MRI changes may be associated

with soccerplay itsef rather than clinical symptoms

4. National
Football League

Domb et al.
(2014)

This study demonstrated lsigh incidence of intraarticular pathologiclesions
in a younger, retirel National Football Leaguplayer cohort evaluated for
persistent hip pain with the use ®RI. The majority of players had bilateral
hip pain. The mostommon finding was chondral lesions, followed by labral
tears. However, because of improved imaging and increased knowledge,
physiciansre attributing unexplained hip pain to int@ticular lesios with
increasing frequency. Once again, tlikkemma 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, t
MRI findings of common adducttabdominal rectus dysfunction were
observed in 14 of 39 participants (36%) and hip pathologic changes in 25
(64%). Overall, 30 of 397%) agmptomatic hockey players demonstrated
MR findings of hip or groin pathologic abnormalities.

5. Hockey

Gallo et al.
(2014)

Identified thecommon occurrence of asymptomatic hip and groin pathology
shown on MRIn professional hockey playefBhispathology did not produce
symptoms or result in missed games within 4 years in most players after th
MRI.

6. Rugby

Farrell et al.
(2016)

In a study related to elite academy rugby union players, it was shown that
there was95% prevalence of abnormalitgn hip MRIL.The percentage
reporting symptoms was lower than 65% of the cohort although this was
significantly higher than (nerugby) matched controls at 15% of participants
Rugby players demonstrated significantly reduceahge of motionof the hip
compared to controls.

Rugby and
Ballet

Blankenstein
et al.(2020.

Investigated hip MRI findings asymptomatic professional male rugby
players and male ballet dancerompared to agenatched controlsDespite
the difference in type of activity between groups, there weigually 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 bging; BMO: Bone Marrow Oedema.



As theTable8 clearly demonstrateggiven the high prevalence of MRI findings in asymptomatic
athletes, it is necessary to cautiously interpret the significance of these findings in association
with clinical presentationAs stated in the table, the fact that there ipeevalence of

radiographic hip abnormities in young male athleteseeds to be addressed due to the
possibilities of leading to further pathologies around the (@erhardt et al., 2012} Gerhardt et

al. (2012)alsoemphasizedhat a clearer definition of the pathogeneticsagpomechanics 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. Howevbe challenge remains as to the imaging of this
morphology and the relevance of the consequensiainptomatic pathology and thus the

management thereof.

6¢c. Pertinent Radiological findings in the Hip and Groin

6¢. 1. Pubic Bone Stress

Table 9- Pubic Bone Stress

Author Imaging Outcome
Major, (2000. CT, MR, or Athletes who complain of pubic symphysis pain, sciatica, gro
technetium pain, or a combination of theseften require not only
bone conventional radiographiut additional imagingusing CTMRI,
scintigraphy or technetium bone scintigraphy tdentify associated
pathology.

Associated pathology can occur due to abnormal stresses
across the pelvic ring that can lead to a secondary abnormali
in the pelvic ring However, asociated abnormalities in the
sacroiliac or sacrurare not always seen on conventional
radiography

Lovell et al. (2006). MRI Substantial amounts of BMO at the pubic symphysis can occ
in asymptomatic elite junior soccer playersut it is only weakly
related to the development of osteitis pubis.

Paajanen et al. (2011] MRI Attempted todevelop a grading system to demonstrate the
effects of heavy training in contact sports on MRI findings in
the pubic region Their gading of the BMQvasnot necessarily
related to the development of clinical Osteitis Pubils was
described as pubic bone stress injury occurring usually as a
result of chronic overuse injury.

Brandon et al(2017). | Ultrasound Ultrasound can image tendinopathies and with itgydmic
capabilitiescan 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 regigrshown on MRI, compared with
sedentary individuals. These findings are not necessarily cau
by groin pain, and are probabfglated to intense exertion.




Robinson et al. MRI and US Pubic bone marrow and parasymphyseal findin@deft,

(2015. capsule/tendon oedema) on MRI or inguinal canal ballooning
ultrasound werdrequently found in asymptomatic athletes
and did not predict injury or symptom development

Todeschini et al. US and MRI The evaluation of athletic pubalgia should be performed with
(2019. radiography, US, and MRHigh BMI, muscle injurieend
2aG821LKediSa NS UyRAy3Ia | aa
US has low sensitivityo detect injuries of the common
aponeurosis of the rectus abdonisfadductor longus muscles.

BMO: Bone Marrow Oedem&S: Ultrasoun€T: Computerized Tomography
BMI: Body Mass Index

As has been discussedChapter 3 Anatomy,the Pubic Symphyspdays 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, ibeckey and hockey require appropriate biomechanical functioning
of all these areas. Musculoskeletal ultrasound and MRI evaluafignoin and anterior pelvis
mayillustrate shared structural ties and potential patterns of injury and groin peable9).
Cognisance of the fact thassociated pathology can occur due to abnormal stresses across the
pelvic ringwhich maycan lead to a secondary abnormality in the pelvic rgequired

However, associated abnormalities in the sacroiliac or sacrum aralwais 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 resolverhditiogical
intervention and consequentialpecific injections into his saciliac joint. Thus theadiological

imaging should include adjacent structures where appropriate.



Slide160

Adductor Longus tear with retraction

IOOAdmed Team Physicians Course. Nov 2016

Cunningham et al. (2007) observed thasotcer players witbpubalgi& @dductor dysfinction
(adductor microtear) is more frequent MRI finding thangieitis Pubisas shown on Slide 160

This important finding may suggest that both entities are mechanically related an@®sieitis
Pubisand adductordysfunction frequently coexist and thaslductor dysfunction most likely
precedes the development @steitisPubisin soccer players. They surmised that the presence

of oedema on fasuppressed images of the symphysis may be a strong predictor of abnormality

at this site in soccer players when compared with-agel sexmatched control subjects.

Up until 2015here wereno standardisedMRIevaluationprotocol for athleteswho presented

with symptoms that may relate to thpubic symphysis, thpubicbones, and

the adductormuscle insertionsBranci et al. (2015) presented the Copenhagen Standardized MRI
protocolwhich demonstrated moderatéo-substantial reliability in ratinQone marrow oedema

and varied from faito-substantial agreement for the majority MRIfeatures, but showed only
slight agreement in ratingdductorlongus tendinopathy. This rigorous irstigation also

confirmed that whileMRIlevaluation seems to provide reasonable reliability in rating pbbite
marrow oedemathe evaluation ohdductortendinopathy in a clinical and research setting

needs further resolution by continued development aedting of MRlacquisition protocols.
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Within my professional career, | always take note of excessive pubic bone overload (and interact
with the RadiologistSpecialisand te Coachand then make a decision regarding-loiding the
jointrelatedtoan ind @A Rdzk f Qa &L NI YR GNIAYyAy3Io

Summary- Pubis Bone Stress

Thus pubic bone stress a natural phenomenorelated to overload in sports andhi¢ complexity

is relating it to the pathological consequen€&urrently (2019)there is still no conclusion as to

a2YS FT2NX 2F GlUAYS tAYySé 2F (GKS NIYRA2E23IAO0FE A
pathology show on imaging becomes symptomatithus as has been stated, in casigation

with a radiologistthe specialisand where possible, the coachwould off-load the joint

particularly with young children. This not an easy decisigas one does not know homuch

pubicbone oedema is too much, particulaifyit is asymptomatic. Further, the coach will not be

compliant at all times with this desibn makingl 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.

6¢. 1i. FemoraAcetabular Impingement FAI/FAIS

Regardig FemoreAcetabular Impingement~Al), i shouldbe noted hat allstudiesshow the
original wording oFAl up until the Warwick Agreement (201@hether the hip changes were
symptomatic or asymptomatidn this thesis | have thus utilised this nomenclatqieAl,as

shown in theactual study, until the Warwick Agreement (2016) ebhclarifiedFAI & a
morphological change, as opposed to Feméaetabular Impingement Syndrome (FA@)ich

is when the hip morphological changes become symptomatic due to the impingenteist. T
going forwardthe term FAIS should be used only when there is an association with symptoms
and thisdefinitely gives more clarity to the diagnosidsso many dtletes haveCamand Pincer
morphologydepicted on radiological imaging, this observation should be combined with clinical

tests to depict any symptonmend reach a valid diagnosis

Recently, Zhou et al. (20phowed theoverall prevalence of radiogphicfindings consistent

with FAlin young patients presenting with hip pain was 60.5% and findings for AypedFAI

were the nost prevalent.Theconnection between FAI andhg Standing AdducteRelated

Groin Pairwas discussetly Weir et al. (2011). They showed that radiological signs of FAI were

frequently observed in patients presenting withng Standing AdducteRelated Groin Pain



However, they stress the fact that clinicians should be aware of the possible lack of ¢conrelat
when assessing athletes with groin paitonomopoulos et al. (2018ypothesised that athletes
with underlying FAI may be more prone to develop chronic gpain and athletic pubalgial hey
predicted that preoperative signs of impingement were a pceat for poor outcome after
surgical repair oéthletic pubalgiaand that FAI may be a cause of continued groin pain after
surgery forathletic pubalgiaThushey statedpatients withathletic pubalgisshould be

evaluated closely for the presence dllasthis may be dactor to take into consideration when
YFEYlF3Ay3 Cl!L YR L2adaAirotS adzNHSNE ® athete SOGSNE K
pubalgid# Sy Gl Af aod

In their systematic review, Wright et al. (2015) discussed the radiological varadsesiated

with progression of FAI of the hi@f great concern is its potential association with labral tears
and OATheir outcome showed that there is moderate evidence that increased alpha angle at
baseline is associated with progression of FAI todletiear. Moderate evidence suggested a lack
of association between other radiographic variables pragressiorof FAI. Thus once again,

there appears to be no definitive outcome for the practiapplication of imaging and FAI.

A few studies showed theocrelation between hip morphological changes and hip variategs

KALI AYGSNYIE NRGFGAZ2Y OYFLINRY SO Ff®Z HAMHO |y
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 causkeadfect. Thus the implications

of these finding are at this stage unclear.

6d. Further RadiologicalStudies and Implications

Tablel10- Further Studies and Implications

Author Outcome

Davies et al(2010. Knowledge of the pertinent anatomy is required for the interpretatiorgadin pain
Careful MRI is recommended as this would improve diagnostic capabilitiddRhis
favoured over US as the initial imaging modalitgs it more readily allows symphyseal
abnormalities to be identified. They developed a summary algorithm for the inagistig
and treatment of groin pain.

Godinho,(2012 Labral tissue cannot be seen on conventional radiographs yet this remains the basis
hip imaging, usually comprising AP pelvis and etaiste lateral projections.
Lumbosacral, SIJ and trochanteric regions should be evaluated to exclude spondylo
changes, sacrdiitis, trochanteric bursitis, ischifemoral impingement and gluteal
enthesopathy, all of which may mimic or refer hip sympto@snventional MRI is best







