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F O R E W O R D S  

Evert Verhagen 

It is with great pleasure and humble pride, that on behalf  of  the local organizing committee I 
can welcome you to Amsterdam. We did our best to bring you a program that offers 2 days of  
high quality science, practical workshops, and - above all - catching up with old and new 
friends. I hope you can enjoy beautiful Amsterdam and return home inspired. 

Thomas Kaminski 

Welcome delegates to the 8th International Ankle Symposium.  It is hard to believe that nearly 
20 years have passed since the 1st International Ankle Symposium held in Ulm, Germany 
back in 2000. As co-founder of  the International Ankle Consortium and host to the 2nd 
International Ankle Symposium back in 2004 at the University of  Delaware; it is an honor to 
be associated with this gathering of  scientists, physicians, clinicians and researchers from 
around the world all with an interest in ankle injuries and improving the lives of  those 
suffering from the debilitating effects these can have on quality of  life. This biennial gathering 
is certain to display and highlight advances in the knowledge and scientific basis of  ankle 
injury management and provide advocacy for the International Ankle Consortium and its’ 
mission on a world stage. Kudos to the leadership team of  the consortium including co-
directors Dr. Delahunt and Dr. Gribble, along with the host committee led by Dr. Verhagen 
for their efforts in putting together an outstanding lineup for this scientific symposium. 
Welkom! 
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T H E  I N T E R N A T I O N A L  
A N K L E  C O N S O R T I U M  

Promoting Long- Term Stability  
in Ankle-Sprain Research 

Phillip Gribble & Eamonn Delahunt 

The International Ankle Consortium (IAC), formed in 2004, is an international community 
of  researchers and clinicians who seek to promote and improve the progression and 
dissemination of  information related to conditions affecting the ankle complex, particularly 
lateral ankle sprains (LASs) and chronic ankle instability (CAI), among physically active 
populations. We are a collegial network that strives to support the ongoing growth of  scientific 
and clinical evidence to elucidate the mechanisms and characteristics of  ankle injuries in an 
effort to optimize interventions and improve the lives of  affected patients.  

The primary venue by which the IAC disseminates the work of  its collegial network is the 
International Ankle Symposium (IAS). This meeting has been hosted every 2 to 3 years by 
selected members of  the IAC in an effort to present and discuss the most contemporary 
theories and research related to acute and chronic ankle sprains and instability.  

Another focus of  the IAC is to endorse standards of  clinical research on ankle injuries. These 
endorsements exist as isolated statements of  standards (eg, patient inclusion criteria for studies 
of  CAI, best practices for the evaluation of  ankle instability), as well as summary statements 
from each IAS meeting that present the major findings and updates from the scientific 
discourse.  

A brief  history 

The IAC was an idea that arose in 2004. Four years earlier, a small group of  international 
researchers met in Ulm, Germany, to convene the first IAS. Athletic training researchers Jay 
Hertel and Thomas Kaminski attended this meeting. They decided to perpetuate the idea 
and hosted the second IAS at the University of  Delaware in 2004. The concluding town hall–
style session led to the idea that a consortium of  international experts should be established to 
maintain the momentum from the first 2 IAS meetings, and Drs Hertel and Kaminski 
became the first co-directors of  the IAC. Along with international researchers and clinicians, 
they guided the growth of  the IAC over the next several years through subsequent symposia 
held in Dublin, Ireland, in 2006 and Sydney, Australia, in 2009.  
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Before the fifth IAS meeting held in Lexington, Kentucky, in 2012, a group of  individuals led 
by Drs Hertel and Kaminski, who had been involved in the IAS meetings since 2004, held a 
retreat to review the progress and discuss the trajectory of  the IAC. Plans were formalized for 
the group to serve as the executive committee of  the IAC. Drs Hertel and Kaminski 
recommended that they pass the leadership on as the group transitioned into a consortium, 
and we were asked to assume the new roles of  IAC co-directors.  

Accomplishments 

The IAC Executive Committee believed that the influence of  this international group could 
extend beyond organizing successful research meetings. Other similar organizations had been 
successful in promoting their disciplines by creating position statements to help guide research 
in their field and the day-to-day practice of  clinicians. We determined that clarity was needed 
to improve the quality and consistency of  studies involving patients with CAI. Much of  the 
work presented at the IAS meetings and in the published literature1 demonstrated a lack of  
consistency regarding the inclusion criteria for CAI cohorts. Therefore, we produced the first 
consensus statement from the IAC to address this topic. This position statement outlined a 
recommended minimum set of  standard inclusion criteria for enrolling participants with CAI 
as well as recommendations to improve the reporting of  their characteristics in research 
studies. We envisioned that this initiative would enhance the ability of  the international 
community to more consistently compare and share information about these patients. The 
Journal of  Orthopedic and Sports Physical Therapy (JOSPT) agreed to publish our work as 
the primary source in 2013.2 As a testament to the editors of  JOSPT and the reputation of  
our group of  authors, JOSPT agreed to a publication in partnership with the Journal of  
Athletic Training (JAT)3 and the British Journal of  Sports Medicine (BJSM).4 To date, the 
consensus statement published in these 3 journals has been cited 313 times (unpublished data, 
Scopus, accessed May 14, 2019).  

After the first consensus statement was published, the executive committee determined the 
next topic area that needed addressing was to inform the research and clinical communities 
of  the long-term consequences of  ankle sprains. The phrase ‘‘it’s not just an ankle sprain’’ 
had become very common at the IAS meetings. Patients who sustain an LAS early in life are 
likely to develop lingering joint instability and pain and high rates of  re-injury, which lead to 
reductions and interruptions in physical activity and the early onset of  ankle osteoarthritis. 
The long-term effects of  an ankle sprain create a substantial public health care burden. This 
document was presented in 2016 as a 2-part publication in BJSM: a consensus statement5 and 
accompanying comprehensive evidence-informed literature re- view.6 In that short time, these 
2 articles have been cited 83 times (unpublished data, Scopus, accessed May 14, 2019).  

Most recently, a third statement from the IAC was published in 2018 in BJSM to present an 
evidence-informed consensus on the clinical assessment of  patients with acute LASs.7 Using a 
Delphi method, the executive committee and selected clinicians from around the world 
arrived at recommendations for undertaking a structured clinical assessment of  acute lateral 
ankle sprains. This consensus yielded the Rehabilitation-Oriented ASessmenT (ROAST) 
statement, which guides clinicians in objectively identify- ing mechanical and sensorimotor 

!6



!  
8th International Ankle Symposium. October 3 & 4 2019, Amsterdam, the Netherlands

impairments after acute LAS that are associated with CAI. The message conveyed in ROAST 
has also been summarized in an accompanying infographic.8 We expect that these resources 
will help clinicians to use the objective outcomes of  their structured clinical assessment to 
guide the treatment they administer to patients with acute LASs.  

The IAC Executive Committee has been very active since 2013 in producing consensus 
statements. These have been well received in the scientific community and appear to be 
influencing ankle research and clinical practice internationally. Our hope is that the IAC will 
continue to shape evidence that provides utility to clinicians and researchers interested in 
improving the condition of  patients with ankle sprains and ankle instability.  

Going forward 

The eighth IAS will now take place in Amsterdam, the Netherlands. As co-directors of  the 
IAC, we are excited to present a plan to realign the leadership of  the IAC to be more 
inclusive and to formalize membership. We hope this will begin the next important growth 
phase of  the IAC. We are grateful to the many supporters of  the IAC, including the current 
and past editors of  JAT, JOSPT, and BJSM, who have provided a platform for the IAC to 
grow and become known to international researchers and clinicians. For those interested in 
patients with ankle sprains and instability, we invite you to become involved with the IAC as 
the organization continues to expand.  
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S C I E N T I F I C  
P R O G R A M M E  

I N F O R M A T I O N  

Proceedings 

There will be no formal proceedings published for this Conference. Abstracts of  papers 
presented at this IAS2019 Symposium are published in this booklet only. 

Presentation Information 

Free Communications 

Presentations will run for a maximum of  10 minutes, followed by a 2-minute time frame for 
questions and answers. Session chairs will remind the speakers of  the remaining time. 

Speakers will not be allowed to present from their own laptops. All presentations must 
therefore be uploaded to the presenters’ laptop in the meeting rooms before sessions. This can 
be done in advance or during any break before a session. 

The computer that holds the presentations is running Microsoft 2013, so please ensure 
presentations are compatible. The transfer of  files must be done by means of  an USB storage 
devices. Files should not exceed 1.5 GB. 

Poster Sessions 

Posters must be set up in the Poster Area located in the foyer no later than 13:00 h Thursday 
October 3rd. Poster boards are numbered for each abstract, as in the program booklet. 
Presenters must be available for a poster discussion, and posters may be removed after the 
session. 

Certificate of  Attendance 

Electronic certificates will be sent to each delegate via email. 
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G E N E R A L  

I N F O R M A T I O N  

Admission 

Participant name badges will be provided at the registration and information desk in the foyer 
of  Hotel Casa. All participants are requested to wear their badge throughout the conference. 

Registration and Information Desk 

The registration desk, located in the foyer of  the Hotel CASA, will open on the following days 
and times: 

Thursday October 3rd: 	 8:00 – 17:00 h 

Friday October 4th:	 8:00 – 14:00 h 

Tourist Information 

At the hotel reception, a concierge is available every day from 6:00-22:30 h for inquiries 
about tourist information.  

Language  

The official language of  the Conference is English. Translation services will not be provided. 

Transportation 

We recommend public transport to get around the Netherlands and Amsterdam. The 
conference venue - Hotel Casa - is very easy to reach by train from the airport (only 15 
minutes) from Schiphol Airport to Amsterdam Amstel station. From Amsterdam Amstel 
station it takes only 5 minutes to walk to Hotel Casa. Also, for your convenience, multiple 
trams and subways leave from Amsterdam Amstel station to the city centre. 
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F O O D  A N D  
B E V E R A G E S  

Lunches and Coffee Breaks 

Lunch and coffee breaks are included in your registration fee for the duration of  the 
Conference. All lunches and coffee breaks will be served in the foyer. 

Reception 

There will be an Opening Ceremony on Thursday October 3rd at 08:30 AM in rooms UvA 
1-3. Immediately following the opening ceremony the scientific program will start. The first 
day of  the symposium will conclude with a reception and the poster session. During the 
reception, soft drinks, wine, beer and finger food will be served. Please note that these are 
small snacks and not considered dinner. 

Dinner 

On conference days, dinner is not included in the registration fee. You can have dinner at the 
restaurant of  the Hotel Casa. Yet, there are many restaurant options within walking distance 
of  the hotel. Also, Amsterdam city centre is only a stone throw away.  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P R A C T I C A L  
I N F O R M A T I O N  

Electricity 

In the Netherlands, the standard voltage is 230 V. The standard frequency is 50 Hz. The po-
wer sockets that are used are type C and F. 

Medical Services 

Memorize the national emergency telephone number: 112. If  you experience a medical or 
other type of  emergency, do not hesitate to call for help. 

Nearest Hospital 

Amsterdam UMC – VUmc  
Amstelveenseweg 587  
1081 HV Amsterdam  
Phone number first aid: +31 20 - 444 3636 

Insurance 

Conference registration does not include medical insurance. Participants are advised to ar-
range their own medical and travel insurance coverage prior to departure. As event hosts, 
the Local Organizing Committee has liability insurance coverage from 4 -7 September.  

Type C Type F
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Website 

Official IAS 2019 website: https://www.ias2019.amsterdam 

The IAS 2019 program website (online app) can be found on https://www.ias2019.amster-
dam/program 

You can add this online program to your smartphone as an app icon by following these in-
structions:  

Apple/IOS 

1. Open the program website in safari on your iPhone or iPad. 

2. Select the ‘+’ (or arrow, depending on the IOS version).  

3. Choose ‘add to home screen’. You will see a screen where you can change the name.  

4. Click on ‘add’ and the icon will appear on your home screen.  

Android 

1. Open the program website in your default browser. 

2. Use the menu button and select ‘add Hotkey to home screen’.  

3. You will see a screen where you can change the name.  

4. Click on ‘add’ and the icon will appear on your home screen. 

Social Media 

Join the IAS2019 Conversation - Use #IAS2019 

Share your photos, videos and conference experience on Twitter.  

Follow IAC for the latest on the Conference! @AnkleConsortium 

!15

https://www.ias2019.amsterdam
https://www.ias2019.amsterdam/program
https://www.ias2019.amsterdam/program


!  
8th International Ankle Symposium. October 3 & 4 2019, Amsterdam, the Netherlands

A B O U T  
A M S T E R D A M  

Although Amsterdam is one of  Europe’s leading capitals, it still has the village charm. No 
other European city can rival Amsterdam’s 7,000 historic buildings, some of  which date back 
to the 14th century. The well-known symmetrical rings of  canals with over 1,000 bridges 
summon up visions of  Holland’s Golden Age. 

!   

Amsterdam has a dazzling array of  cultural attractions with something for everyone. Virtually 
all points of  interest are within walking distance. The city is compact and your destination will 
usually be at a short distance. What that means for you is that we can offer not only a scenic 
location full of  picturesque canals and dramatic architecture from the Medieval to modern 
ages (such as the state-of-the-architecture EYE Film Museum and the new A’DAM Tower, 
offering the best views of  the city), but also invitations to collaborate with sustainable start-
ups, multinational corporations, top universities and cutting-edge research institutions who 
call this city home. Moreover, the Dutch are multilingual, which makes getting around so 
much easier. Amsterdam, with its 180 nationalities, will welcome you warmly and you will feel 
at home in one of  the most interesting cities of  Europe. 

Amsterdam is an international city of  culture, with a highly diverse population from various 
backgrounds enjoying a broad range of  arts and culture. There are 75 museums, including 
the Rijksmuseum, the Van Gogh Museum, the Stedelijk Museum of  Modern and 
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Contemporary Art (all three close together in the Museum district), the Scheepvaartmuseum 
(Maritime Museum) and the Anne Frank House. The city is also the home of  the 
internationally acclaimed Royal Concertgebouw Orchestra, the Dutch National Ballet and 
the Dutch Opera. 

!  

Amsterdam is a world-class international transport hub and there are countless ways of  
getting into the city. Many travelers fly into the award-winning Amsterdam Airport Schiphol, 
while hopping on a train is also a great option – convenient and cost effective, the rail network 
in the Netherlands is second to none. And of  course the road network provides easy access to 
Amsterdam for those keen to travel by car or coach. Amsterdam is one of  the world's best 
connected cities, being easily reachable by several modes of  transport. The award-winning 
Amsterdam Airport Schiphol is centrally located and flies to 327 destinations. From 
Amsterdam, high-speed rail services connect Amsterdam to Paris, London, Berlin and 
Brussels, and the Port of  Amsterdam ranks fourth in Europe. Amsterdam also has high-speed 
train connections to Austria and Switzerland through Frankfurt, Germany via the ICE 
network and to Antwerp, Brussels and Paris via Thalys, and as of  2017 a direct Eurostar 
service to London. Once arrived, our compact city offers a convenient and comprehensive 
public transportation system, with a new metro line that connects Amsterdam RAI with 
Central Station in just nine minutes. And we can make it even cheaper and easier to get 
around by offering bulk discounts on public transportation tickets. 

Amsterdam has numerous theatres, cinemas, cozy bars and inviting pubs, more than 800 
outdoor terraces and a wide variety of  superb restaurants, where one "can eat in every 
language" at prices and levels of  comfort to suit everyone. Furthermore, it is a versatile city 
for shopping. From the high-street fashions of  the P.C. Hooftstraat to the quaint boutiques of  
the Jordaan (Nine Little Streets) to the 100-year-old Albert Cuyp Market, shoppers of  all 
tastes will find what they are looking for. 
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!  

With world-class museums, quirky festivals, theatre, live music, laid-back bars and delightful 
restaurants, there's never a shortage of  things to do in Amsterdam! Amsterdam has everything 
you need for spending a perfect day in the city. Start by having breakfast in one of  
Amsterdam’s beautiful pubs or brunch spots, then take in an art exhibition in a famous 
museum, stroll along the canals, stop for lunch, go shopping, have a drink in a laid-back pub, 
go out for dinner to a cozy local place or a high-end restaurant, and then hit Amsterdam's 
bustling nightlife with its glamorous cocktail bars, trendy new nightspots and clubs with big-
name DJs. Or you could go for a canal cruise, check out some art galleries or smaller 
museums or explore up-and-coming neighborhoods. The options are near endless! A visit to 
one of  the extraordinary districts beyond the centre is a chance to experience the city like an 
Amsterdammer. Whether you are looking for modern architecture, a cultural hotspot or an 
active excursion, there is something for everyone. Discover a different side of  Amsterdam.  

From Amsterdam's streets to its stadiums, the city is an iconic sporting location. Swimmers 
and rowers can be seen racing in the canals, Amsterdam is home to the famous Ajax football 
club (as well as frequently the Dutch national team) and major running events include the 
TCS Amsterdam Marathon and Dam tot Damloop. 

With its wide variety of  venues and high-quality accommodation options, Amsterdam is a city 
of  sheer endless possibilities for meetings, conferences, conventions and trade fairs, from 
major events to precision-planned board meetings. Please visit Amsterdam’s website - 
www.iamsterdam.com/en.  
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V E N U E  

Hotel Casa Amsterdam  
Eerste Ringdijkstraat 4  
1097 BC Amsterdam  
E: info@casa400.nl 
I: www.hotelcasa.nl 

The symposium will be held at Hotel Casa Amsterdam, close to Amsterdam Schiphol Airport 
and the city center. There are excellent rail, tram and bus connections between Hotel Casa 
Amsterdam and Schiphol Airport. Hotel Casa is conveniently located within the ring road of  
Amsterdam in the Amstel District (Amsterdam-Oost). You will have everything within reach: 
the public transport will take you to the heart of  Amsterdam within 9 minutes, the 
Amsterdam Amstel Station is a three-minute walk from the hotel and the ring road A10 can 
easily be reached. 
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P R O G R A M  D A Y  1  
08:00 Registration

Room: TBA Room: TBA Room: TBA

08:30 Opening 

Evert Verhagen (NL) 

Thomas Kaminski (US)

09:00 Keynote #1 

Jay Hertel (US) 

An Updated Model of  Chronic 
Ankle Instability

10:00 Break

10:30 Free papers #1 

Improving treatment for ankle 
sprains and Chronic Ankle Insta-

bility

Symposium #1 

Gain a footing for patients with 
Chronic Ankle Instability

Symposium #2 

New ideas for preventing sport-
related ankle inversion sprains

12:00 Lunch break General assembly 
International Ankle Consortium

Sponsored lunch 
EXO-L

13:00 Keynote #2 

Gino Kerkhoffs (NL) 

There is no simple lateral ankle 
sprain - cartilage cracks

14:00 Free papers #2 

Screening and testing

Workshop #1 

Demystifying the functional subta-
lar joint through a better under-

standing of  its functional demands

Workshop #2 

In search for RTS-criteria in inju-
red and Chronic Ankle Instability 

populations

15:00 Break

15:30 Free papers #3 

Chronic Ankle Instability - ima-
ging, mechanisms and care

Symposium #3 

The Chronic Ankle Instability 
rehabilitation spectrum: A multi-
faceted approach to improving 

patient outcomes

Symposium #4 

The ankle of  an elite athlete 

17:00 Welcome Reception & Posters
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P R O G R A M  D A Y  2  
08:00 Registration

Room: TBA Room: TBA Room: TBA

08:30 Keynote #3 

Michelle Smith (AUS) 

Establishing return to sport crite-
ria after acute lateral ankle sprain 

injuries 

09:30 Free papers #4 

Chronic Ankle Instability and 
postural control

Symposium #5 

The ankle and haemophilia: 
background, imaging and treat-

ment options

Symposium #6 

Using novel sensor technologies 
and mobile platforms to assess 
individuals with Chronic Ankle 

Instability

11:00 Break

11:30 Free papers #5 

Ready for sport?

Workshop #3 

How do we manage simple ankle 
injuries in the complex world of  

elite sport?

Workshop #4 

Talocrural joint mobilization for 
patients with Chronic Ankle 

Instability

12:30 Lunch break General assembly 
International Ankle Consortium

Sponsored lunch 
PUSH Braces

13:30 Keynote #4 

Erik Wikstrom (US) 

Ankle Sprain to Osteo-Arthritis - 
Implications for mitigating carti-

lage degeneration

14:30 Free papers #6 

Chronic Ankle Instability and 
biomechanics

Symposium #7 

Quantitative analysis of  the me-
chanism of  ankle inversion sprain 

injury 

Symposium #8 

Neuromechanical strategies 
adopted by Chronic Ankle Insta-
bility patients: perspectives on re-

injury

16:00 Break

16:30 Free papers #7 

Ankle injuries and their preventi-
on

Workshop #5 

Blinking and counting: how to 
rehabilitate the brainkle sprain

Workshop #6 

Neurocognitive capacities of  
athletes in complex environ-

ments. Implications for return to 
sports continuum after acute 

ankle sprains ?

17:30 Closing
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Keynote #1 

An Updated Model of  Chronic Ankle Instability 

Speaker: Jay Hertel 

Department of  Kinesiology, University of  Virginia, US 

About this lecture: An updated model of  chronic ankle 
instability (CAI) will be presented that aims to synthesize 
the contemporary understanding of  the etiology of  CAI 
and serve a framework for the clinical assessment and reha-
bilitation of  ankle sprain and CAI patients. The model 
describes how primary injury to the lateral ankle ligaments 
may lead to a collection of  interrelated pathomechanical, 
sensory perceptual, and motor behavioral impairments that 
influence a patient’s clinical outcome. With an underpin-
ning of  the biopsychosocial model, the concepts of  self-
organization and perception-action cycles derived from 
dynamic systems theory, and a patient-specific neurosigna-
ture, stemming from Melzak’s neuromatrix of  pain theory, 
are incorporated into the model to describe the integration 
of  these interrelationships. 

Take home messages: 

• Each CAI patient will present with a unique collection 
of  pathomechanical, sensory perceptual, and motor 
behavioral impairments. Not all CAI patients will pre-
sent with each impairment identified in the literature in 
studies reporting on group means of  CAI patients. 

• It is incumbent on clinicians to identify specific im-
pairments during physical examination and design 
patient-specific treatment plan to optimize each CAI 
patient’s clinical outcome.
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Keynote #2 

There is no simple lateral ankle sprain - cartilage cracks

Speaker: Gino Kerkhoffs 

Department of  Orthopedics, Amsterdam UMC, NL 

About this lecture: Lateral ankle sprains remain the 
single most frequent injury in modern sports. With the 
growing knowledge on ankle joint disorders, it appears that 
this injury causes more damage to the ankle joint than was 
previously assumed. A lateral ankle sprain may cause a 
cartilage injury as the medial talar dome impacts on the 
distal tibial plafond. This may initiate the development of  
an osteochondral cyst through cracks in the subchondral 
plate, destabilise a previously stable osteochondritis disse-
cans lesion or create an osteochondral fracture leading to 
chronic pain from a talar osteochondral lesion (OCL). Dif-
ferent aspects of  the morphological are presented. Results 
of  various surgical treatment protocols for primary OCLs 
are presented—ranging from debridement and drilling to 
the Lift Drill Fill Fix (LDFF) procedure, a new arthroscopic 
talar cartilage preserving technique and a new Talar Oste-
oPeriostic Iliac Crest (TOPIC) graft. 

Take home messages: 

• There is no simple lateral ankle sprain, beware of  carti-
lage damage 

• Cartilage lesions should preferably be treated by a speci-
alized center
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Keynote #3 

Establishing return to sport criteria after acute lateral ankle sprain injuries

Speaker: Michelle Smith 

School of  Health and Rehabilitation Sciences, The University of  Queensland, Brisbane, AUS 

 

About this lecture: This presentation will discuss the 
findings from an international Delphi approach to develop 
consensus for return to sport (RTS) criteria for individuals 
who have sustained an acute lateral ankle sprain injury. 
Health professionals working with national level athletes 
completing in field or court sports and involved in making 
RTS decisions completed surveys about criteria that should 
be used to support the RTS decision after a lateral ankle 
sprain injury. The consensus on RTS criteria will be discus-
sed. 

Take home messages: 

• The quick return to sport and high re-injury rate after 
lateral ankle sprain injuries suggests the need for eviden-
ce-based RTS criteria. 

• Collation of  expert opinion through a Delphi approach 
is a first step to inform the development of  RTS criteria 
for acute lateral ankle sprains.
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Keynote #4 

Ankle Sprain to Osteo-Arthritis - Implications for mitigating cartilage 

degeneration

Speaker: Erik Wikstrom 

Motion Science Institute & Department of  Exercise & Sport Science, University of  North Carolina at Chapel Hill, US 

About this lecture: Lateral ankle sprains are highly pre-
valent, costly, and have significant long-term sequelae in-
cluding the development of  posttraumatic osteoarthritis.  
Ankle cartilage degeneration is thought to be facilitated by 
the chronic maladaptive sensorimotor and biomechanical 
strategies adopted by those with a history of  lateral ankle 
sprains.  Multi-modal interventions, delivered early post 
injury, offer promise for mitigating ankle cartilage degene-
ration but several critical knowledge gaps limit their devel-
opment. This lecture will present the current evidence rela-
ted to: (i) how ankle joint injury impacts measures of  carti-
lage health, (ii) modifiable factors that could influence carti-
lage health measures, and (iii) how cartilage health associa-
tes with patient-reported outcomes in those with a history 
of  lateral ankle sprains. 

Take home messages: 

• Ankle cartilage degeneration onset occurs rapidly follo-
wing ankle joint injury. 

• Several biomechanical and metabolic factors show pro-
mise and therapeutic targets to mitigate cartilage dege-
neration.
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Symposium #1 

Gain a Footing for Patients with Chronic Ankle Instability 

Symposium Chair: Matthew Hoch 

Background & Relevance: People with chronic ankle 
instability exhibit sensorimotor dysfunction across a broad 
spectrum of  tasks ranging from standing balance to athletic 
maneuvers. The widespread nature of  sensorimotor deficits 
suggests there may be underlying impairments which com-
promise the ability to maintain a base of  support associated 
with this condition. There is mounting evidence that indi-
viduals with chronic ankle instability exhibit alterations in 
somatosensation, motor control, and mobility of  the foot. 
Specifically, people with chronic ankle instability have de-
monstrated decreased plantar cutaneous sensation, atrophy 
and decreased activation of  the intrinsic foot muscles, in-
creased rearfoot internal rotation, forefoot on rearfoot ever-
sion, and first metatarsal plantarflexion. These impairments 
in foot function may affect local foot and ankle stability, gait 
and posture, and force attenuation during high energy acti-
vities such as running and landing. Examining deficits in 
foot function through the concept of  the foot core with the 
associated active, passive, and neural subsystems may pro-
vide a theoretical basis to direct evaluation and treatment 
strategies. Interventions including plantar massage and 
intrinsic foot muscle activation exercises have emerged as 
evidence-based treatments which target specific deficits 
within the foot. These interventions have demonstrated the 
ability to improve postural control and self-reported functi-
on. Therefore, foot focused interventions may compliment 
the current rehabilitation paradigm for treating patients 
with chronic ankle instability and further enhance patient 
outcomes. This symposium will present the foot core as a 
theoretical approach to examine foot function, highlight 
specific deficits in foot function associated with chronic 
ankle instability, and introduce clinical intervention techni-
ques to improve foot function.

Speaker 1: Patrick McKeon 

Presentation title: The Foot Core: Implications for Pa-
tients with Chronic Ankle Instability 

Speaker 2: Matthew Hoch 

Presentation title: Sensorimotor Deficits of  the Foot 
Associated with Chronic Ankle Instability 

Speaker 3: John Fraser 

Presentation title: Alterations in Foot Mobility and Bi-
omechanics Associated with Chronic Ankle Instability 

Speaker 4: Kathryn Webster 

Presentation title: Clinical Strategies for Addressing 
Foot Core Impairments 

Speaker 5: François Fourchet 

Presentation title: Advanced Strategies for Activating 
the Intrinsic Foot Muscles 
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Symposium#2 

New ideas for preventing sport-related ankle inversion sprains 

Symposium Chair: Daniel Fong 

Background & Relevance: Ankle sprain is very com-
mon in sports. Multiple ankle sprains may lead to chronic 
ankle instability, therefore, besides working on the treat-
ment and rehabilitation modalities after ankle sprain injury, 
it is also worth to work on injury prevention to prevent the 
occurrence of  ankle sprain injury. 

Injury prevention strategies can be classified into warm-up 
exercise, prophylactic devices, exercise intervention, propri-
oception training, and change of  game rules. In this sympo-
sium, the speakers will present some new ideas to prevent 
ankle sprain injury by reducing floor friction, neuromuscu-
lar training, improving peroneal muscle reaction time, as 
well as training pre-landing muscle contraction.

Speaker 1: Filip Lysdal 

Presentation title: The role of  lateral shoe-surface fricti-
on for the prevention of  ankle sprain injuries 

Speaker 2: Andrew Mitchell 

Presentation title: The numbers speak for themselves: 
Using biomechanical data to inform effective ankle sprain 
prevention and rehabilitation programmes 

Speaker 3: Peter Thain 

Presentation title: The effects of  cryotherapy on muscle 
reaction time to a simulated lateral ankle sprain mechanism 

Speaker 4: Aliaa Rehan Youssef  

Presentation title: Smarting-up your ankle: the design 
for a preventive ankle sprain orthotic 

Speaker 5: Daniel Fong 

Presentation title: A wearable device to enhance quick 
or pre-landing peroneal contraction to prevent ankle 
sprains
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Symposium #3 

The CAI Rehabilitation Spectrum: A multifaceted approach to improving 

patient outcomes 

Symposium Chair: Alan Needle 

Background & Relevance: Despite revelations into the 
complex etiology behind chronic ankle instability (CAI), 
deleterious outcomes persist in patients despite rehabilitati-
on efforts. This is evident by high rates of  recurrent injury, 
decreases in health-related quality of  life, and increasing 
rates of  post-traumatic osteoarthritis. Considering that CAI 
evolves from a musculoskeletal injury, rehabilitation has 
largely emphasized a peripheral impairment-based appro-
ach, targeting specific behavioral corrections (e.g. strength, 
motion, balance). While effective for improving function in 
the clinical setting, these patients appear to experience re-
injury when returning to uncontrolled activity, thus failing 
to disrupt the continuum of  disability. It has been well esta-
blished that CAI is not solely a musculoskeletal injury, but 
rather a neuromechanical condition comprised of  both 
central nervous and peripheral impairments with long-term 
effects impacting multiple body systems. These data suggest 
that clinicians and researchers must re-evaluate and expand 
their approach to rehabilitation for CAI & joint instability 
to encompass all contributing factors, and address multiple 
systems. The focus of  the proposed symposia will be to 
present a broad approach to the rehabilitation of  CAI that 
focuses on four key areas: neuromodulation, impairment, 
functional performance, and general health. Dr. Needle will 
present on what is known regarding the role of  maladaptive 
neuroplasticity in affecting motion in patients following 
injury, and will discuss rehabilitation techniques that are 
neuromodulatory in nature. Dr. Donovan will present on 
the state of  impairment-based rehabilitation, and discuss 
motor learning strategies that have the capability to impro-
ve the rate and durability of  adaptations as it pertains to 
correcting behavioral impairments. Dr. Rosen will present 
on functional performance deficits in patients with CAI, 
and what must be done in the clinic to facilitate the transfer 
of  functional movements into real-world settings. Finally, 
Dr. Hubbard-Turner will present on the impact of  CAI on 
general health, and the need to take a broad approach to-
wards improving physical activity and decreasing fear-avoi-
dance behaviors among this population.

This symposium will be designed to engage both clinicians 
and researchers attending IAS 2019, and will generate the 
following anticipated outcomes. As the focus of  the sympo-
sia will be largely practical, attending clinicians will leave 
with knowledge of  new techniques that can be immediately 
adopted in their care of  patients with ankle injury, as well 
as an increased awareness of  the limitations of  more tradi-
tional approaches. The attending research audience will 
similarly be engaged and will obtain an increased under-
standing of  the multiple systems that are affected by CAI, 
hopefully stimulating discussion towards the development 
of  new rehabilitation paradigms for CAI.  

Speaker 1: Alan Needle 

Presentation title: Can we rewire the sprained brain? 
Addressing neurophysiologic deficits in CAI rehabilitation 

Speaker 2: Luke Donovan 

Presentation title: Strategies to enhance the impair-
ment-based rehabilitation model for patients with CAI 

Speaker 3: Adam Rosen 

Presentation title: Bringing the real-world to the clinic: 
the use of  functional testing 

Speaker 4: Tricia Hubbard-Turner 

Presentation title: Increasing Physical Activity Across 
the Lifespan in CAI Patients
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Symposium #4 

The ankle of  an elite athlete 

Symposium Chair: Vincent Gouttebarge 

Background & Relevance: Ankle injuries account for 
10-15% of  all injuries in professional football. Especially 
ankle sprains are common, being often recurrent as the 
consequence of  the cumulative exposure to running, cutting 
and jumping as well as contact with other players. Therefo-
re, the treatment of  ankle injuries (including surgery) 
should be optimal in order to secure an optimal return-to-
play process, while attention to prevention should be given 
in order to reduce recurrence. This should favour the 
sustainability of  players’ career and prevent long-term con-
sequences.

Speaker 1: Gino Kerkhoffs 

Presentation title: There is no simple ankle sprain in 
football! 

Speaker 2: Evert Verhagen 

Presentation title: How can we prevent recurrent ankle 
sprains? 

Speaker 3: Hans Zwerver 

Presentation title: The ankle sprain and beyond: a soft 
(t)issue? 

Speaker 4: Vincent Gouttebarge 

Presentation title: Long-term consequences of  severe 
ankle injuries and related surgeries 

Speaker 5: TBA 

Presentation title: My experience with ankle injuries 
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Symposium #5 

The ankle and haemophilia: background, imaging and treatment options 

Symposium Chair: Olav Versloot 

Background & Relevance: Haemophilia is an X-rela-
ted, inheritable blood coagulation disorder. Persons with 
haemophilia (PWH) suffer from low levels of  factor VIII 
(FVIII, haemophilia A) or factor IX (FIX, haemophilia B) 
coagulation proteins. In PWH, repetitive joint trauma and 
associated bleeds can lead to chronic synovitis and haem-
ophilic arthropathy, which in turn can lead to severe carti-
lage damag), decreased joint function and disability. The 
elbow, knee and particularly the ankle are most frequently 
affected in PWH. The use of  prophylaxis in haemophilia 
has contributed greatly to sport participation of  PWH and 
consequently attributed to the risk of  sport related injuries, 
e.g. in the ankle region. As in recent years, the body of  
knowledge concerning the pathophysiology, imaging and 
therapeutic interventions (both conservative and surgical) 
of  ankle involvement in PWH has greatly improved this will 
be the topic of  this symposium. During this symposium, the 
pathophysiology, imaging possibilities and treatment opti-
ons, both conservative as well as surgical, of  the ankle in 
PWH will be discussed.

Speaker 1: Olav Versloot 

Presentation title: Sports participation and ankle inju-
ries in Dutch children with haemophilia 

Speaker 2: Merel Timmer 

Presentation title: The application of  ultrasound in 
persons with haemophilia with ankle problems 

Speaker 3: Lize van Vulpen 

Presentation title: Pathophysiology and surgical treat-
ment of  ankle arthropathy in persons with haemophilia 

Speaker 4: Nichan Zourikian 

Presentation title: Conservative treatment of  haemophi-
lia related ankle injuries 
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Symposium #6 

Moving beyond the laboratory: using novel sensor technologies  
and mobile platforms to assess individuals with CAI 

Symposium Chair: Alexandria Remus 

Background & Relevance: Quantified evaluation of  
biomechanics and physiological performance has been a 
mainstay of  research into the causes, features and determi-
nants of  outcomes in CAI for a number of  years. However, 
the vast majority of  this research effort has been rooted in a 
laboratory environment. In the laboratory setting, we are 
not capturing a representative sample of  typical movement 
behaviours due to environmental and observational cons-
traints, in addition to the fact that people generally don’t 
get injured in the laboratory.  

We now have access to a range of  wearable sensor techno-
logies that can capture objective and reliable data on mea-
sures of  micro and macro level behaviours and motor per-
formance. Furthermore, the availability of  mobile compu-
ting platforms means we can aggregate very large multi-
modal data sets from the real world environment. Of  cour-
se, these same technologies can also be used to drive reme-
dial interventions aimed at addressing the deficits associated 
with CAI. The use of  this technology opens up a whole 
new world of  opportunity for the understanding of  and 
development of  more robust preventative and treatment 
methods of  CAI. It has the potential to revolutionize the 
biomechanical and performance evaluation of  CAI popula-
tions so that clinicians would now have access to represen-
tative data to guide interventions for optimised care. 

In this symposium we will provide an overview of  this tech-
nology opportunity and will showcase work from leading 
research groups who are leveraging wearable and mobile 
platforms to bring CAI research into a new paradigm.

Speaker 1: Brian Caulfield 

Presentation title: An overview of  wearable technologies 
and their potential 

Speaker 2: Aliaa Rehan Youssef  

Presentation title: Is a smartphone application a valid 
and reliable tool to assess balance in patients with CAI? 

Speaker 3: Alexandria Remus 

Presentation title: Wearable sensors to assess change of  
direction during agility tests in athletes with CAI 

Speaker 4: Alexandra DeJong 

Presentation title: Wearable sensors for distance run-
ning analyses: a framework for evaluating lower leg patho-
logies 
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Symposium #7 

Quantitative analysis of  the mechanism of  ankle inversion sprain injury 

Symposium Chair: Daniel Fong 

Background & Relevance: Ankle sprain is very com-
mon in sports. The clinically presented mechanism has 
been described as excessive inversion, or supination, in the 
literature. In order to help devise injury prevention strate-
gies, it is essential to investigate the injury mechanism with 
biomechanics quantities. 

The mechanism has been investigated extensively in labora-
tory with platforms with trapdoors or different types of  
sprain simulators, however, as these devices did not intro-
duce real injuries, the findings could not fully represent the 
biomechanics of  real ankle sprain injuries. The most direct 
way to study the mechanism is to investigate the real inju-
ries, and a handful of  accidental cases in laboratory and 
real cases during sports have been presented in the literatu-
re since 2009. They generally presented the mechanism as 
excessive inversion, with the range of  inversion and the 
maximum inversion velocity quantified. However, they also 
did not show great plantarflexion or supination, but sugge-
sted that internal rotation could have been missed before. 

In this symposium, authors of  the some of  the above men-
tioned quantitative case reports will present their cases and 
their methods to analyse. Some of  these cases have caused 
ligamentous sprain injuries, and some have only caused 
‘giving way’ at the ankle joint with minimal damage to the 
tissues and structure. At the end, the speakers will summari-
se the current findings and will discuss what’s next on this 
research direction.

Speaker 1: Dominic Gehring 

Presentation title: Kinematics, kinetics and neuromus-
cular activation of  an ankle sprain during a run-and-cut 
movement 

Speaker 2: Uwe Kersting 

Presentation title: Understanding ankle sprains mecha-
nics 

Speaker 3: Masafumi Terada 

Presentation title: Does proximal joint function contri-
bute to ankle sprain mechanisms? 

Speaker 4: Alexandria Remus 

Presentation title: The first ever laboratory captured 
"giving way" episode in an athlete with CAI during per-
formance of  the Agility T-Test 

Speaker 5: Daniel Fong 

Presentation title: Summarising the ankle sprain cases 
reported in the literature: what have we learned and what’s 
next? 
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Symposium #8 

Neuromechanical Strategies Adopted by Chronic Ankle Instability Patients: 

Perspectives on Re-injury 

Symposium Chair: Ty Hopkins 

Background & Relevance: Chronic ankle instability 
(CAI) has been characterized by various signs and sympt-
oms, including “giving way” episodes and re-injury. Several 
instruments have been used to identify patients who suffer 
from CAI. These self-report instruments allow a relatively 
clean subject population from which sensorimotor deficits 
may be identified. The goal of  these data is to identify defi-
cits or alterations that may perpetuate the chronic nature of  
instability and the consequences that may stem from them. 
This is ultimately done in an effort to design interventions 
specific to the deficits. Our data describe potential neuro-
mechanical deficits from 6 distinct movement patterns iden-
tified from 200 patients with CAI. We will review kinematic 
and kinetic differences from the various movement patterns 
relative to healthy subjects and highlight alterations that 
may be problematic to CAI patients. We will also review 
descriptive data and clinical test data, and their ability to 
predict specific movement patterns within the CAI sample. 
In addition to describing the neuromechanics of  an existing 
CAI population, evaluation of  re-injury within this popula-
tion may provide keys as to specific movement mechanics 
that increase the susceptibility within the population. Our 
sample of  CAI patients was followed over 12 months to 
identify those who were re-injured. Relative to activity level 
and exposure, we will review the unique movement charac-
teristics of  those who were re-injured, which may provide 
clues as to what specific mechanics may be key to re-injury. 
In summary, relative to the non-reinjury group, the re-inju-
ry group demonstrated greater plantarflexion, knee exten-
sion, hip flexion, inversion, knee abduction, and hip abduc-
tion internal joint moment during the initial landing phase 
of  a demanding jump/cut task. The reinjury group also 
demonstrated greater eccentric ankle, knee and hip joint 
power during the landing phase. Finally, the re-injury group 
revealed greater medial, posterior and vertical ground reac-
tion force during initial landing phase. During the final 
portion of  our presentation, we will discuss the predictabili-
ty of  the re-injured CAI patients from descriptive and clini-
cal test data.

Speaker 1: Ty Hopkins 

Presentation title: Characterization and Prediction of  
Specific Movement Patterns Associated with Chronic Ankle 
Instability 

Speaker 2: Hyunsoo Kim 

Presentation title: Biomechanical Risk Factors for Re-
current Ankle Sprains During Landing and Cutting 

Speaker 3: S. Jun Son 

Presentation title: Prediction of  Recurrent Ankle 
Sprains Based on Descriptive and Clinical Test Data
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Subscribe for attending the workshop: [LINK]

THE 3D SCAN-TO-PRINT PROCESS
No two feet or ankles are the same. 3D scan 
technology is used by EXO-L B.V. to create a 
personalized custom-fit ankle brace.

EXO-L B.V. developed 3D scan to 3D print 
software. After scanning the ankle, the scan is 
processed into a 3D model. This model is then 
printed and ready to use.

THE WORKING PRINCIPLE
The EXO-L ankle brace imitates the human 
anatomy and works like a  safety  belt.  
It supports the anterior talofibular ligament 
(‘ATFL’), in the form of a cord. This cord 
supports the function of the natural ligament 
and slows problematic movement when you 
are at risk of spraining your ankle.
This working principle gives freedom of 
movement while being protected against 
inversion sprains.

THE ORIGIN
The EXO-L ankle brace has been developed 
in partnership with renowned research 
institutions, including the Delft University of 
Technology and the Erasmus Medical Center. 
Since 2011 the developed method of ankle 
sprain protection is patented worldwide.

More information about the EXO-L ankle brace: Click hereThe publication in The American Journal of Sports Medicine 

(November 20,2015): Click here



!  
8th International Ankle Symposium. October 3 & 4 2019, Amsterdam, the Netherlands

Workshop #1 

Demystifying the functional subtalar joint through a better  understanding of  

its functional demands 

Speaker 1: Jennifer McKeon 

Speaker 2: Patrick McKeon 

Background & Relevance: Over the past 50 years, the 
epidemiological trends associated with chronic ankle insta-
bility (CAI) have not changed. Emerging evidence over the 
past 20 years implicates subtle subtalar instability as a key 
contributing factor to the recalcitrant nature of  CAI. 
However, a major barrier to linking the contributions of  
subtalar instability to CAI is an appreciation for its complex 
anatomy and biomechanics. Traditionally, the anatomical 
description of  subtalar joint has been limited to the talus 
and calcaneus. Consequently, evaluation of  the subtalar 
joint’s structural integrity has been limited to either the 
talar tilt or the medial subtalar glide test. This represents a 
major gap in the evidence and subsequently a major gap in 
our clinical understanding of  subtalar instability in CAI. 
The functional subtalar joint is far more complex, consis-
ting of  functional interrelationships among the talocalcane-
al, talonavicular, and calcaneocuboid articulations. The 
primary goal of  this workshop is to provide participants 
with a clinical framework for understanding the functional 
subtalar joint in order to help them develop an enhanced 
ability to uncover dysfunction that may contribute to CAI.  

In the first section of  this workshop, we will provide partici-
pants with a framework for evaluating walking and running 
gait using the foot and ankle rockers. These rockers help to 
contextualize the functional demands of  absorption, 
propulsion, and stability across the lower extremity as they 
relate to pronation and supination of  the functional subta-
lar joint. Specifically, the foot and ankle rocker system pro-
vides a logical framework for linking key events of  the ankle 
to pronation and supination events of  the functional subta-
lar joint. Through this experience, participants will learn 
simple rules of  thought to streamline gait evaluation as it 
relates to foot and ankle pathology. 

A better understanding of  the anatomy and complex me-
chanics of  the functional subtalar joint can lead clinicians 
to a better ability to observe and describe functional subta-
lar instability. From better observation and description, 
more appropriate intervention strategies can be developed 
to enhance outcomes in those with CAI.

In the second section of  the workshop, we will guide parti-
cipants through the anatomy and biomechanics of  the func-
tional subtalar joint. By linking the anatomy and complex 
mechanics of  the functional subtalar joint to the foot and 
ankle rockers, we will help participants better understand 
how this joint complex becomes dysfunctional. Participants 
will be able to gain a better appreciation for the foot’s transi-
tion between a supple platform and rigid lever through the 
lens of  the medial and lateral columns of  the foot that the 
functional subtalar joint controls. Using the emerging evi-
dence from subtalar instability, we will then provide the 
anatomical and mechanical factors that can help guide cli-
nicians to develop a more robust evaluation of  functional 
subtalar joint integrity. These factors include key palpation 
points related to functional subtalar joint ligamentous sup-
port and a clinical stress test that stresses these ligaments 
more appropriately.  

Learning Objective 1: Participants will be able to explain 
the foot and ankle rockers during gait as they relate to the 
functional demands of  absorption, propulsion, and stability. 

Learning Objective 2: Participants will be able to inter-
pret the anatomy and complex mechanics of  the functional 
subtalar joint through the functional demands of  absorpti-
on, propulsion, and stability. 

Learning Objective 3: Participants will be able to relate 
the anatomy and complex mechanics of  the functional sub-
talar joint to key evaluation factors in order to develop a 
more robust ability to recognize dysfunction. 
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Workshop #2 

In search for RTS-criteria in LAS and CAI populations – which functional tests 

make sense and how to integrate adaptability in functional testing? 

Speaker 1: Bruno Tassignon 

Speaker 2: Jo Verschueren 

. 

Background & Relevance: This workshop will give an 
overview of  the relevant functional performance tests in 
LAS injury and CAI-populations (e.g. Y-balance test, hop 
tests) and discuss new functional tests that have added envi-
ronmental perception, decision-making and variable motor 
responses as additional dynamic components (e.g. reactive 
balance test, neurocognitive hop tests). Given the importan-
ce of  adaptability in sports performance, these insights can 
be of  added value in the functional test repertoire used to 
objectify the progress throughout rehabilitation or support 
RTS decision-making. 

A recent review documented that there are currently no 
prospectively validated RTS criteria in LAS or CAI popula-
tions. Given the high recurrence rate after LAS injury and 
the risk of  developing CAI, it is important to address both 
the functional performance of  the injured athlete during 
rehabilitation as well as the sensorimotor control alterations 
after LAS injury and its possible implications towards the 
concept of  adaptability. The rationale for the use of  functi-
onal performance tests is to assess possible impairments 
that need to be addressed in rehabilitation, monitor rehabi-
litation progress and to form an impression as to whether 
an athlete is ready to start working towards performance 
enhancement. Such tests often encompass more generic 
movements (e.g. walking, hopping) or simpler tasks (e.g. 
unilateral leg stance) with research in different populations 
investigating their role in rehabilitation and injury preventi-
on.  

Part one of  the workshop will give an overview of  the cur-
rent relevant functional performance tests that are docu-
mented in LAS and CAI populations, integrate these into a 
practical session so that participants can easily use them in 
clinical practice, and discuss the specific relevance of  these 
tests in both rehabilitation and prevention. 

Part two of  the workshop will focus on reactive balance 
testing, neurocognitive hop tests and other functional tests 
that integrate the construct of  adaptability. Also, the rele-
vance in rehabilitation and possible implications for injury 
prevention and RTS-decision making will be discussed in 
combination with a practical session, where participants 
can try out these new tests. 

What we will do: Let participants perform and interpret 
relevant functional performance tests (e.g. classic hop, jump 
and balance tests) in LAS injury and CAI-populations. Let 
participants perform and interpret newly developed neuro-
cognitive and reactive functional performance tests.” 

Learning Objective 1: The participant expands his/her 
knowledge on current and newly developed relevant functi-
onal performance tests in LAS injury and CAI-populations. 

Learning Objective 2: The participant is able to per-
form, instruct and interpret the current functional perfor-
mance tests in LAS injury and CAI-populations. 

Learning Objective 3: The participant is able to per-
form, instruct and interpret the newly developed neurocog-
nitive and reactive functional performance tests and recog-
nize their potential value in LAS and CAI populations
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Workshop #3 

How do we manage simple ankle injuries in the complex world of  elite sport? 

Speaker 1: Lee Herrington 

Speaker 2: Ros Cooke 

Background & Relevance: Ankle ligament injuries 
within the high-performance sport are common constitu-
ting 10% of  all consultations for musculoskeletal injury 
within the UK. These injuries lead to time loss and training 
restriction impacting on availability for competition and 
performance outcomes.  

Success in rehabilitation is currently judged on grade of  
injury and time to return to sport with the intention that 
performance will occur if  the athlete is available. With the 
high rates of  recurrence for ankle injuries this approach 
appears to not be successful and returning the athlete to 
sport let alone performance.  

It is unclear if  high recurrence rates are due to inadequate 
management at time of  first occurrence of  lateral ligament 
injury. Of  further significance is the emerging research 
which links ankle ligament injuries to other musculoskeletal 
injuries primarily within the lower limb so poor resolution 
of  ankle injury not only creates issues at the ankle but in 
other areas as well. The resolution of  laxity is commonly 
used as a clinical assessment to clear an athlete to return to 
sport but there is little correlation of  this objective marker 
with a successful return to sport. 

Because of  the level of  burden, the risk of  re-injury and 
development of  other musculoskeletal injuries, it would 
appear to be imperative that the management of  ankle 
ligament injuries is optimized.  

This workshop aims to help clinicians to develop their clini-
cal reasoning skills and assist them to develop comprehensi-
ve programmes that enable athletes to return to perfor-
mance and reduce their risk of  future injury. This will also 
consider constraints such as time – preparation for major 
events Olympic games, World Cup, athlete performance 
level and sport requirements. The approach used to aid 
reasoning will be one of  performance backwards thinking.

Here the end goal of  rehabilitation; safe and optimal per-
formance, will be first defined and worked backwards from 
to develop rehabilitation programmes specific to the athle-
te’s end goal requirements. Within the workshop partici-
pants will also explore contemporary thinking in relation to 
movement skill development and how this can and should 
be incorporated into a rehabilitation program in order to 
prepare the athlete for the performance environment they 
are returning too.  

This problem-solving approach will be developed through a 
series facilitated case studies workshops, where participants 
will consider real clinical cases and in small groups develop 
management and return to performance plans.  

What will we do: Develop an understanding of  the use 
of  performance backwards thinking in rehabilitation plan-
ning and use it in building a rehabilitation plan for an athle-
te back to sports performance. 

Learning Objective 1: To understand and utilise needs 
analysis of  sports or activities to inform rehabilitation inter-
vention and planning for athletes to return to performance 
following ankle ligament injury 

Learning Objective 2: To utilise a framework underpin-
ned by physical qualities to monitor and progress athletes 
through rehabilitation 

Learning Objective 3: Share clinicians own current 
clinical practice to develop peer to peer learning
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Workshop #4 

Talocrural Joint Mobilization for Patients with Chronic Ankle Instability 

Speaker 1: Matthew Hoch 

Speaker 2: Kyle Kosik 

Background & Relevance: Joint mobilization interven-
tions are commonly used to restore mechanical ankle func-
tion in chronic ankle instability (CAI) patients. However, 
emerging evidence indicates joint mobilization interventi-
ons have more widespread benefits including improvements 
in sensorimotor and patient-reported function. Therefore, 
the rationale for incorporating joint mobilization into CAI 
rehabilitation has expanded and several novel approaches 
for using these interventions have been developed. While 
the evidence supports using joint mobilization for CAI 
patients, it is important for clinicians to apply techniques 
properly and capture patient outcomes to successfully im-
plement this manual therapy. This workshop will review 
joint mobilization techniques that are commonly applied to 
patients with CAI, synthesize the evidence related to treat-
ment outcomes from mechanical, neurophysiological, and 
patient-centered perspectives, and demonstrate how joint 
mobilization interventions have advanced the CAI rehabi-
litation paradigm. This workshop will also introduce clini-
cal techniques for implementing joint mobilization and 
capturing clinical and patient-reported outcomes in clinical 
practice settings through an evaluate-treat-evaluate model. 
These concepts will be reinforced through laboratory prac-
tice of  talocrural joint mobilization techniques and clinical 
strategies for measuring range of  motion, sensorimotor 
function, and patient-reported outcomes. 

What will we do: During this workshop, participants 
have the opportunity to receive instruction and perform 
evidence-based techniques for talocrural joint mobilization. 
These techniques will include talocrural arthrokinematic 
assessment, distraction, and joint mobilization. This work-
shop will also provide instruction and hands on opportuni-
ties to practice clinical outcome measures associated with 
weight-bearing dorsiflexion range of  motion, static and 
dynamic balance, and patient-perceived function.

Learning Objective 1: 1Attendees will be able to explain 
the rationale for using joint mobilization techniques in pa-
tients with chronic ankle instability. 

Learning Objective 2: Attendees will apply and inter-
pret clinical outcome measures associated with manual 
therapies in patients with chronic ankle instability. 

Learning Objective 3: Attendees will be able to apply 
talocrural joint mobilization treatments and systematically 
collect patient outcomes through an evaluate-treat-evaluate 
framework. 
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Workshop #5 

Blinking and counting: how to rehabilitate the brainkle sprain 

Speaker 1: Christopher Burcal 

Speaker 2: Adam Rosen 

Background & Relevance: Recent research has found 
discrepancies in brain and neurocognitive function in pa-
tients with ankle sprains and CAI. As a functional reorgani-
zation in the cortex occurs, altered sensorimotor feedback 
and processing may influence reinjury in these individuals. 
CAI patients rely more on visual cues for balance, and have 
a decreased ability to direct cortical attention to cognitive 
tasks while moving. We have seen a large increase in re-
search identifying functional central nervous system deficits 
in CAI patients. However, how do sports medicine and or-
thopaedic clinicians utilize information to change their re-
habilitation protocols? This session will serve to provide 
guidance for the clinician how to interpret and utilize this 
recent evidence, and provide some ways to enhance current 
balance protocols during rehabilitation. Solutions will range 
from hi-tech to low-tech, with use of  stroboscopic glasses, 
choice reaction mats, dual-task computer programs, virtual 
reality headsets, blurry glasses, google cardboard VR head-
sets, to simple blinking! 

What we will do: In this session, we will briefly cover the 
mechanisms underlying sensory re-weighting and cognitive 
loading. We will bring in examples from the literature that 
can be applied to the clinic in an effort to optimize outco-
mes during the rehabilitation of  ankle sprains and lower 
extremity injuries. During the lab portion, participants will 
receive hands-on experience with measurement techniques 
that generate objective clinician-oriented outcomes. Partici-
pants will also gain experience using stroboscopic vision 
glasses, virtual reality headsets, and freely-available ap-
plications that can be used for cognitive loading purposes. 
We will also provide examples of  how these new approaches 
can easily complement your existing rehabilitation exercises, 
regardless of  budgetary constraints.

Learning Objective 1: Attendees will be able to indivi-
dually assess sensorimotor deficits such that patient-orien-
ted decision-making may be individualized in order to 
maximize outcomes. 

Learning Objective 2: Attendees will learn how to devi-
se protocols which utilize visual and cognitive inputs 
throughout balance protocols in the management of  acute 
and subacute ankle sprains. 

Learning Objective 3: Attendees will apply their know-
ledge through the practice and performance of  balance 
exercises which manipulate visual and cognitive inputs.
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Workshop #6 

Neurocognitive capacities of  athletes in complex environments. Implications 

for return to sports continuum after acute ankle sprains ? 

Speaker 1: Alli Gokeler 

Speaker 2: Daniel Büchel 

Background & Relevance: Recently, the use of  a com-
plex systems theory in combination with the return to 
sports continuum has been proposed to establish a criteria 
based return to sports approach after lateral ankle sprain 
(LAS) injuries. Moreover, the need for further investigation 
for sport-specific testing was highlighted. An underrepre-
sented aspect in the domain of  sport specific testing, both in 
injury prevention as well as in rehabilitation, are the neuro-
cognitve capacities of  athletes.  

Athletes of  team ball sports have to perceive essential in-
formation from the rapidly changing situation on the field 
and must then interpret this information correctly to select 
the most appropriate response. In other words, factors like 
reaction time, anticipation and decision making are some 
of  the key characteristics of  neurocognitiive function in 
light of  prevention and rehabilitation. Low levels of  basic 
neurocognitive function has been related to poor neuro-
muscular performance during landing tasks. Moreover, 
deficits in reaction time and processing speeds indicate a 
potential neurocognitive predisposition to lower extremity 
injury. In a frequent observed injury mechanism, the player 
is embedded in a playing situation where external factors 
such contact with a ball and position of  team mates and 
opponents are involved. The attentional and environmental 
components of  neuromuscular function are largely not 
addressed in current injury prevention and rehabilitation 
programs. 

Components of  current rehabilitation programs entail a 
combination of  exercises to restore range of  motion, in-
crease muscle strength, postural control, endurance and 
improve neuromuscular function. Although the importance 
of  these factors are acknowledged, there is a clear need for 
improvement in light of  of  the high risk for development of  
chronic ankle instability.  

Training of  neurcognitive factors such as reaction time, 
information processing, sustained and specific task direction 
attention, anticipation all within a complex task environ-
mental interaction are currently not widely used in rehabi-
litation.

In this workshop an overview of  the foundations of  neuro-
cognitive integration into clinical practice will be presented. 
Mechanisms and evidence of  neurocognition will lay the 
foundation for the understanding of  new perspectives for 
prevention and rehabilitation programs. This knowledge is 
then used to demonstrate how clinicians can embrace neu-
rocognitive principles to reduce injury risk. Neurocognitive 
principles could also be considered for the development of  
future screening tests. 

Learning Objective 1: Practical explanation of  the brain 
mechanisms of  perception: How we make sense of  the 
world around us: Perception and the brain. Pattern recogni-
tion. 

Learning Objective 2: Eevaluate the neurocognitive 
readiness of  the athlete to return to sports after a lateral 
ankle sprain. 

Learning Objective 3: After this workshop, participants 
will be able to implement principles of  neurocognition for 
rehabilitation and/or prevention in their own clinical set-
ting.
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Printerweg 11 | Amersfoort | +31 (0)33 – 479 5528 | info@orthopedieatelier.nl  

custom made orthoses 

Every body is different, every person is different, why isn’t a brace different! 

We are a company that makes customized orthotics and prostheses. In our workplace we can 
make all kinds of products to help you or your client move more easily and better, but in most 
cases relieve pain and solve the cause! 

We have extensive knowledge of the past, present and future in the field of orthoses. 

SCAN DESIGN FIT 

We make ankle orthosis for children with hypermobility that fit in shoes, but it is also possible to 
maintain good support without shoes.  

Look at: www.surestep.net 

 

Especially for athletes, such as soccer, hockey but also for cycling, we can offer 3D printed 
insoles.  

Look at: www.phits.com 

 

For more solutions, see us in Amsterdam on 3 & 4 October 2019 at International Ankle 
Symposium. 
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Free paper session #1 

Improving treatment for ankle 

sprains and Chronic Ankle Instability 

Chair: Evert Verhagen 

O#01 - Can A Knowledge Translation Implemen-
tation Strategy Improve The Evidence Based Ma-
nagement Of  Ankle Sprains By Canadian Armed 
Forces Physiotherapists? 

Presenting Author: Eric Robitaille 

Authors & Affiliations: Eric Robitaille(1,2), Marsha Ma-
cRae(2), Peter Rowe(2), Alice Aiken(1) 

(1) Dalhousie University, Halifax, Nova Scotia, Canada  
(2) Canadian Armed Forces Health Services Group, Ottawa, Ontario, 

Canada 

Background: Lateral Ankle Sprains (LAS) are the 3rd 
most common musculoskeletal injury among military 
members, resulting in considerable time loss and a substan-
tial rehabilitation workload. The operational relevance of  
these consequences to the Canadian Armed Forces (CAF) 
should be minimized through evidence-based practices 
(EBP). A previous survey of  CAF Physiotherapists reported 
some variances between their management of  LAS and 
recommended EBP, as well as their Knowledge Translation 
(KT) intervention preferences. Active, multi-component 
KT interventions guided by an implementation framework 
and tailored towards known preferences have been recom-
mended to improve the knowledge and use of  EBP among 
physiotherapists. 

Objective(s): The purpose of  this research project was to 
investigate the effectiveness of  an active, multi-component 
KT intervention guided by an implementation framework 
and tailored for the preferences of  CAF Physiotherapists, 
to improve their knowledge and use of  EBP rehabilitation 
interventions and outcome measures recommended in the 
management of  LAS. 

Design & Methods: All CAF Physiotherapists (n=89) 
were sent an email invitation to complete an online questi-
onnaire investigating their self-reported knowledge and use 
of  EBP rehabilitation interventions and outcome measures 
recommended in the management of  LAS. One 3-hour 
active, multi-component KT intervention including; sum-
marized research, practice tools and guided interaction was 
then facilitated over a distance learning platform. The 
primary outcome for this project was the median change 
(1-5) reported on the online questionnaire distributed prior 
to and 3-months following participation in the KT inter-
vention. 

Results: The response rate was 75% (n=67/89). Respon-
dents reported excellent (5/5) knowledge and use of  re-
commended rehabilitation interventions at both baseline & 
3-months, and a varied improvement in knowledge and use 

of  recommended outcome measures from poor (2/5) to 
good (3/5) or excellent between baseline & 3-months. The 
most frequent reason respondents provided for non-use of  
recommended outcome measures was the habitual use of  
another outcome measure or setting constraints. Most res-
pondents (65%) reported that the distance learning presen-
tation improved their knowledge and use of  the recom-
mended rehabilitation interventions and outcome measu-
res, with summarized research reported as their preferred 
KT intervention. 

Conclusions: A KT implementation strategy tailored for 
CAF Physiotherapists improved their self-reported know-
ledge and use of  EBP recommended in LAS management. 
Further improvements may require investigation of  habitu-
ally used outcome measures and setting constraints. Passive 
dissemination of  summarized research may be a uniquely 
efficient KT intervention among CAF Physiotherapists. 

O#02 - Comparison Of  Clinician Practice Pat-
terns With The International Ankle Consortium 
Recommendations For The Clinical Assessment 
Of  Lateral Ankle Sprain Injuries: A Report From 
The Athletic Training Practice-Based Research 
Network 

Presenting Author: Ashley Marshall 

Authors & Affiliations: Ashley Marshall(1), Kenneth 
Lam(2) 

(1) Appalachian State University, Boone, NC, USA 

(2) A.T. Still University, USA 

Background: A recent consensus statement from the 
International Ankle Consortium (IAC) provides evidence-
based guidelines for the structured assessment of  acute 
lateral ankle sprains (LAS), including both the diagnosis 
and identification of  mechanical and/or sensorimotor 
deficits. The goal of  the consensus statement was to provi-
de an essential resource for clinicians who regularly assess 
these injuries, and to ultimately reduce the development of  
poor long-term consequences (ie, chronic ankle instability, 
post-traumatic osteoarthritis) following LAS. However, it is 
unknown if  athletic trainers (ATs) incorporate these com-
ponents into their routine assessment of  LAS injuries. 

Objective(s): Our objective was to compare evaluation 
patterns for acute LAS injuries, conducted by ATs within 
the Athletic Training Practice-Based Research Network, to 
the IAC recommendations. 

Design & Methods: Electronic patient records for LAS 
injuries, created between October 2009 and May 2018, 
were retrospectively analyzed. Clinical evaluations were 
compared to the IAC recommendations, including a dia-
gnostic component (ie, mechanism of  injury [MOI], pre-
vious medical history [PMH], weight-bearing status [WB], 
assessment of  bones [BONES], assessment of  ligaments 
[LIGAMENTS]) and a rehabilitation-oriented component 
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(ie, ankle joint pain, swelling, range of  motion [ROM], 
arthrokinematics, muscle strength, static balance [STATIC-
BAL], dynamic balance [DYNAMIC-BAL], gait, physical 
activity level prior to injury [PA], and ankle-specific pa-
tient-reported outcome measures [PROMs]). Summary 
statistics (percentages, frequencies) were calculated to de-
scribe AT evaluation patterns, respective to the IAC guide-
lines. 

Results: During the study period, 1,557 patients 
(male=56.1%, age=16.2±2.0 years, height=170.8±13.9 
cm, mass=71.1±17.0 kg) were diagnosed with an acute 
LAS. ATs generally followed the diagnostic recommendati-
ons: MOI=100.0% (n=1,557/1,557), PMH=99.3% 
(n=1,546/1,557), WB= 93.5% (n=1,457/1,557), BONES: 
palpation=96.1% (n=1,497/1,557) and special tests=9.3% 
(n=144/1,557), LIGAMENTS: palpation=96.1% 
(n=1,497/1,557) and special tests=47.7% (n=742/1,557). 
However, disparity existed regarding the utility of  the re-
commended rehabilitation-oriented components: 
pain=99.8% (n=1,554/1,557) , swel l ing=99.7% 
(n=1,553/1,557), ROM=41.1% (n=640/1,557), arthroki-
nemat i c s=0 .0% (n=0/1 ,557 ) , s t reng th=62 .9% 
(n=979/1,557), STATIC-BAL=8.8% (n=14/1,557), DY-
NAMIC-BAL=0.0% (n=0/1 ,557 ) , g a i t=49 .5% 
(n=771/1,557), PA=0.0% (n=0/1,557), PROMs=8.2% 
(n=127/1,557). 

Conclusions: ATs are not incorporating several critical 
components during their clinical evaluations of  acute LAS 
injuries. Clinicians should utilize the evidence-based IAC 
recommendations to improve evaluations and identify im-
pairments to target during injury rehabilitation. Future 
research should evaluate how dissemination and implemen-
tation of  these recommendations impacts long-term out-
comes following LAS injuries. 

O#3 - Four Weeks Of  Eccentric Training With 
Anodal Transcranial Direct Current Stimulation 
Decreases Disablement In Patients With Chronic 
Ankle Instability: A Preliminary Investigation 

Presenting Author: Alan Needle 

Authors & Affiliations: Alan Needle(1), Amelia Bruce(1), 
Jeffrey McBride(1), Herman van Werkhoven(1), Jennifer 
Howard(1) 

(1) Appalachian State University, Boone, NC, USA 

Background: Despite decades of  research into rehabilita-
tion strategies, high rates of  ankle sprain, recurrent injury, 
and chronic ankle instability (CAI) continue to negatively 
affect health-related quality of  life across active populati-
ons. With emerging evidence into maladaptive neuroplasti-
city occurring in patients with CAI, it is possible that un-
derlying deficits in cortical excitability may continue to 
predispose these individuals to poor functional outcomes. 
Therefore, correcting maladaptive neuroplasticity through 

interventions that target the cortex may serve to improve 
functional and perceived outcomes in individuals with CAI. 

Objective(s): We aimed to determine the effects of  6-
weeks of  eccentric strengthening of  the ankle pronators 
with anodal transcranial direct current stimulation (aTD-
CS) on functional performance and patient-reported out-
comes compared to a sham stimulation in patients with 
CAI. 

Design & Methods: A randomized controlled trial de-
sign was implemented to measure side-hop test performan-
ce, region-specific ankle function (Foot & Ankle Ability 
Measure, FAAM), perceived disablement (Disablement in 
the Physically Active, DPA), and kinesiophobia (Tampa 
Scale for Kinesiophobia, TSK-11) over 4-weeks of  eccen-
tric ankle strengthening. Twenty-two participants with CAI 
(IdFAI>10) were stratified into aTDCS (21.8±2.7yrs, 5M/
6F) or sham (22.3±3.1yrs, 3M/8F) groups and measured at 
week-0, week-2, week-4, and week-6 relative to training. 
During training, 18-minutes of  aTDCS (1.5mA) were ap-
plied over the motor cortex in the aTDCS group, while the 
sham group received only 1-minute of  stimulation. Diffe-
rences were assessed with factorial ANOVA. 

Results: A significant main effect of  time (F=5.272, 
p=0.003) revealed both groups improved on the side hop 
test (F=0.376, p=0.77). Post-hoc tests indicated improve-
ments from week 0 (11.57±4.38s) to week 2 (10.03±2.49s; 
p=0.024), with no additional improvements observed. No 
time-by-group effects were observed for the FAAM 
(F=1.266, p=0.295) or TSK-11 (F=1.387, p=0.255); howe-
ver, a significant time-by-group effect was detected for DPA 
(F=3.15, p=0.031). Disablement in sham increased from 
week 0 (17.91±4.59) to week 2 (21±8.521; p=0.047); while 
disablement decreased in aTDCS from week 2 
(18.09±6.41) to week 6 (15.45±5.48; p=0.046) and was 
nearly significant at week 4 (15.55±4.82; p=0.053). 

Conclusions: Our results suggested that while eccentric 
training resulted in lasting improvements to functional 
performance, the addition of  aTDCS impacted partici-
pants’ perceived disablement. These are the first results 
tying cortical stimulation to improved outcomes in patients 
with joint injury, which we suggest is due to modifying 
maladaptive neuroplasticity. 

O#4 - Effect Of  Graston Technique™ On Edema 
Following A Sprain To The Lateral Ankle Liga-
ments 

Presenting Author: Carrie Docherty 

Authors & Affiliations: Carrie Docherty(1), Noah Tha-
man(1), Leif  Madsen(1) 

(1) Indiana University, Bloomington, IN, USA 

Background: Lateral ankle sprains are one of  the most 
common orthopedic injuries experienced by active indivi-
duals. Deleterious effects of  swelling within the ankle joint 
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include pain and reduced functionality resulting in compli-
cations with sport and daily living activities. Treatment 
techniques resulting in rapid reduction of  edema offer 
significant benefits to patients by reducing pain and increa-
sing function. The Graston Technique™ (GT), a form of  
soft tissue mobilization, presents a novel approach in 
edema reduction and requires further study. 

Objective(s): To evaluate the effect of  a single applicati-
on of  GT on edema following an acute ankle sprain. 

Design & Methods: A repeated measures design was 
utilized for this study. Sixteen participants who had sustai-
ned an acute ankle sprain volunteered to participate in the 
study. All participants used rest, ice, compression, and ele-
vation for the first 48 hours post injury, at which point they 
were randomly assigned to either the GT(n=8) or 
control(n=8) group. Subjects in the GT group received a 
single, non-inflammatory application of  instrument assisted 
soft tissue treatment that lasted approximately 10 minutes. 
 The Control subjects reported to the laboratory and sim-
ply sat on the treatment table for the same length of  time 
as the GT subjects. Ankle circumference was assessed using 
the figure-of-8 measurement at three times(pre-treatment, 
10 minutes post-treatment, and 24 hours post-treatment). 

Results: Interpretation of  the results of  the 2x3x2 repea-
ted measures analysis of  variance yielded a significant time 
by side interaction (F2,28 = 4.84, p = .01). Specifically, the 
injured ankle had more swelling than the uninjured side 
(F1,14 = 42.25, p = .01), and swelling in the injured ankle 
significantly decreased from pre-treatment to both post-
treatment measures (F2,28 = 15.91, p = .01). However, we 
did not identify any differences between the groups, time 
by group interaction, side by group interaction, nor time by 
side by group interaction (p>.05). 

Conclusions: The primary finding of  this study is that a 
single application of  GT did not have a significant effect 
compared to the nonintervention on swelling in the ankle 
following an acute ankle sprain. 

O#5 - Intercollegiate Athletes’ Perceptions Of  An-
kle Sprains 

Presenting Author: Revay Corbett 

Authors & Affiliations: Revay O. Corbett(1), Luzita 
Vela(1), Sue Saliba(1), Paul Harris(1), Jay Hertel(1) 

(1) University of  Virginia, USA 

Background: Ankle sprains are a prevalent injury for 
athletes to sustain. Although ankle sprains occur often, 
athletes on average return to play within a week’s time of  
their injury. This short return to play timeline may impact 
the perception athletes have concerning the seriousness of  
their injury and the importance of  seeking and complying 
with adequate rehabilitation. Evaluating what student-
athletes know and perceive about ankle sprains could pro-

vide additional insight into the role patients play in recei-
ving treatment. 

Objective(s): To evaluate the current perception and 
knowledge intercollegiate athletes have in regards to the 
treatment, management and long-term effects of  sustaining 
an ankle sprain. 

Design & Methods: We performed a cross-sectional 
study using an online survey. 119 National Collegiate 
Athletic Association student-athletes within Division I and 
Division III (age=19.9±1.4 years old, females=82). Partici-
pants completed a 57-question survey that recorded demo-
graphics, previous ankle injury history, perceptions, and 
basic knowledge regarding ankle sprains. Participants also 
documented their self-reported level of  ankle function 
using the Identification of  Functional Ankle Instability 
(IdFAI) and the Foot and Ankle Ability Measure (FAAM) 
Sport. Sources of  pressure to return to play (RTP) and 
lingering symptoms following an ankle sprain were also 
recorded. 

Results: 54% of  participants exhibited a high level of  
understanding of  basic ankle sprain information. 47% 
perceived ankle sprains as the most prevalent injury among 
5 common injuries, but only 1.8% felt ankle sprains were 
the most important injury in seeking care compared to 
those same injuries. 76.5% reported history of  ankle 
sprain. Of  these, 76.9% qualified as having functional an-
kle instability per the IdFAI and 95% reported a “normal” 
or “nearly normal” level of  function per the FAAM. 45% 
reported at least one source of  pressure to RTP after injury 
and 41% reported presence of  at least one lingering 
symptom. 

Conclusions: These results provide insight into the know-
ledge and perceptions that intercollegiate student-athletes 
have about ankle sprains. The tendency of  student-athletes 
with a history of  ankle sprains to report normal or near-
normal ankle function despite lingering symptoms and 
episodes of  ankle instability may speak to competitive 
athlete’s high levels of  self-efficacy. 

O#6 - Outcome Of  A Neuromuscular Training 
Program On Recurrent Ankle Sprains. Does The 
Initial Type Of  Healthcare Matter?  

Presenting Author: Adinda Mailuhu 

Authors & Affiliations: Adinda Mailuhu(1), Marienke 
van Middelkoop(1), Sita Bierma-Zeinstra(1), Patrick 
Bindels(1), Evert Verhagen(2) 

(1) Department of  General Practice, Erasmus MC University Medical 
Center, Rotterdam, The Netherlands 

(2) Amsterdam Collaboration for Health and Safety in Sports, Depart-
ment of  Public and Occupational Health, Amsterdam Movement 
Sciences, VU University Medical Center, Amsterdam, The Nether-
lands 

Background: After sustaining a lateral ankle sprain there 
is an increased risk of  a recurrent sprain. Different types of  
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healthcare can be assessed for the treatment of  an ankle 
sprain. Neuromuscular training (NMT) has been proven 
effective in preventing recurrent sprains after an initial 
ankle sprain. It was specifically beneficial in athletes whose 
sprain was self-treated rather than by a healthcare provider. 
This raises the question whether there is an association 
between the healthcare provider who treated the index 
sprain initially and the effect of  NMT on recurrent sprains, 
and if  athlete characteristics differ between the different 
type of  healthcare providers. 

Objective(s): To study the impact of  the initial healthca-
re for a lateral ankle sprain on the outcome of  NMT on 
recurrent sprains and to describe athlete characteristics 
receiving different types of  healthcare. 

Design & Methods: This study presents a secondary 
analysis of  three previous randomized trials that evaluated 
NMT. 705 athletes were included who sustained a lateral 
ankle sprain. Data were collected on athlete characteristics, 
type of  initial healthcare provided and a recurrent sprain 
during one-year follow-up. Multilevel logistic regression 
analyses were used to test the impact of  the type of  health-
care on the outcome of  NMT on recurrent sprains. Poten-
tial differences in athlete characteristics between the diffe-
rent types of  healthcare were examined using one-way 
analysis of  variance and Pearson chi-square test. 

Results: After NMT, 39.7% of  the athletes initially visi-
ting a paramedical care setting (physiotherapist, manual 
therapist, exercise therapist) reported a recurrent sprain, 
21.8% of  secondary care (general surgeon, orthopaedic 
surgeon, emergency physician) and 34.0% of  primary care 
(general practitioner, sports physician). Athletes who initial-
ly visited a physiotherapist reported more recurrent sprains 
after NMT, than those not visiting a physiotherapist (adju-
sted OR 3.15;95%CI 1.88-5.23). Athletes from paramedi-
cal (49.7%) and primary care setting (48.4%) used more 
braces and/or tape during sport than those not visiting a 
healthcare provider (34.2%). 

Conclusions: The initial type of  healthcare of  athletes 
with an ankle sprain, that thereafter received NMT, seems 
to impact the occurrence of  recurrent sprains. This may be 
explained by different athlete characteristics and should 
make physiotherapists aware of  the fact that they may be 
visited by athletes with a poorer prognosis. 

O#7 - The Effects Of  Therapeutic Exercises With 
And Without Mobilization In Participants With 
Chronic Ankle Instability; A Randomized Control-
led Trial 

Presenting Author: Cameron Bolton 

Authors & Affiliations: Cameron Bolton(1), Sheri 
Hale(1), Todd Telemeco(2) 

(1) Division of  Physical Therapy, Shenandoah University, USA 
(2) University of  North Carolina at Pembroke, USA 

Background: Joint mobilizations are reported to increase 
range of  motion (ROM), postural control, and decrease 
pain in individuals with chronic ankle instability (CAI). 
However, there is no research supporting the combined 
effects of  thrust mobilization (TM) and exercise on functi-
on in this population. We hypothesized that completing a 
rehabilitation program in conjunction with mobilization 
would optimize functional performance. 

Objective(s): The purpose of  this study was to examine 
the effects of  adding TM techniques to a comprehensive 
ankle rehabilitation program on lower extremity function 
in subjects reporting chronic ankle instability (CAI). 

Design & Methods: 30 subjects with CAI (mean age = 
23.7 +/- 3.65 yrs) were randomly allocated to the exercise 
(n=14) or exercise + TM group (n=16) and completed a 
six-week exercise program. The exercise + TM group also 
received TM at the talocrural, proximal and distal tibiofi-
bular joints at the first three sessions. Subjective reports of  
function were recorded at baseline and follow-up using the 
Foot and Ankle Ability Measure (FAAM), the FAAM-sport, 
and the Ankle Joint Functional Assessment Tool (AJFAT). 
Weight-bearing dorsiflexion ROM, side-hop test, figure-of-
eight hop test, and the Star Excursion Balance Test (SEBT) 
were also administered at baseline and follow-up. 

Results: Only the exercise + TM group demonstrated an 
improvement in weight-bearing dorsiflexion with the knee 
flexed following treatment (p = 0.02). For all outcome mea-
sures, except ROM, subjects improved significantly at fol-
low-up regardless of  group assignment (p < 0.01). Effect 
sizes were moderate to large (0.72-1.70) for subjective out-
comes and small to moderate (0.43-0.58) for objective mea-
sures. For the four measures that subjects performed at or 
below the published cut-off  scores used to identify CAI at 
baseline, they scored better than these cut-off  scores at 
follow-up, suggestive of  resolution of  CAI. 

Conclusions: Our data suggest that rehabilitation of  
patients with CAI is related to improved functional per-
formance and ROM. This provides evidence that the addi-
tion of  thrust mobilization to exercise may enhance impro-
vements in dorsiflexion ROM as compared to exercise 
alone. Additional research is needed to identify optimal 
parameters to maximize therapeutic benefit. 
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O#8 - The Foot Lift Test: A Validity Study 

Presenting Author: Zoe Duong 
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(1) The University of  Sydney, Sydney, Australia 
(2) Ithaca College, Ithaca, USA 

Background: Ankle sprains are a common injury in the 
community and contribute to persistent postural control 
impairments. Accessible impairment-specific assessment 
tools may encourage clinicians to implement impairment-
based rehabilitation to prevent onset of  the chronic-seque-
lae associated with chronic ankle instability (CAI). CAI has 
been defined as having had at least one ankle sprain with 
repeated episodes of  giving way and a loss of  perceived 
function, commonly measured using the Cumberland An-
kle Instability Tool (CAIT). Although endorsed by the In-
ternational Ankle Consortium as a clinical measure of  
static postural control, the Foot Lift Test (FLT) has yet to be 
validated. 

Objective(s): To explore the concurrent validity of  the 
FLT against instrumented postural control measures that 
have detected single-limb postural control deficits in those 
with CAI compared to healthy participants. The specific 
instrumented postural control measures included centre of  
pressure (COP) velocity, area of  excursions, and time-to-
boundary (TTB). 

Design & Methods: This cross-sectional study included 
19 CAI and 17 control participants (21 women, 15 men; 
age=24.5±6.1 years). CAI participants scored ≤25 on the 
CAIT; controls had no ankle sprain history and scored ≥28 
on the CAIT. Participants performed three trials of  the 
FLT on a force plate with eyes open and eyes closed. COP 
velocity, area, and TTB were calculated for each trial and 
the average calculated for each visual condition. To deter-
mine concurrent validity between FLT and COP variables, 
the bivariate correlations among all variables were calcula-
ted using Pearson’s r or Spearman’s p correlation coeffi-
cients. 

Results: Correlation between the FLT with eyes closed, 
and seven of  nine force-plate variables was moderate to 
strong (p=0.41–r=0.67); COP standard deviation (SD) 
mediolateral (ML) (p=0.41), anteroposterior (AP) (p=0.57), 
COP velocity ML (r=0.53), AP (r=0.67), TTB minima AP 
(r=-0.59), TTB minima SD AP (r=-0.49), resultant velocity 
(r=0.64). Correlation between the FLT with eyes open, and 
three of  nine force-plate variables was moderate (p=0.43–-

0.46); COP velocity (p=0.43), TTB minima ML (p=-0.46), 
resultant velocity (p=0.44). 

Conclusions: The FLT has a moderate to strong concur-
rent validity with force-plate variables that assess postural 
control. Our findings offer clinicians a valid, easy-to-use 
clinical tool to quantify postural control without equip-
ment, uniquely assessing an outcome that has not been 
managed by existing clinical tests. 

O#9 - Relationship Of  Dorsiflexion Lunge Test To 
Common Functional Screening Tasks In Healthy 
Adolescent Athletes 

Presenting Author: Kathryn Webster 

Authors & Affiliations: Kathryn Webster(1), Alexander 
Geronimo(1), Daniel Chan(1), Kaveh Torabian(1), Deepak 
Kumar(1) 

(1) Boston University, Boston, MA USA 

Background: As athletic participation continues to grow 
in adolescent populations, it is important to identify simple 
screening tools that may predict injury during sport per-
formance. The dorsiflexion lunge test (DFLT) is a com-
monly used, simple, and reliable clinical measure of  ankle 
dorsiflexion. This simple test may predict performance on 
other functional and clinical tests used in injury screening 
such as jump distance, single leg balance, jump landing 
positions, and squatting position. 

Objective(s): The purpose of  this study was to investigate 
the relationship between DFLT and performance during 
common injury screening tasks among healthy adolescent 
athletes. 

Design & Methods: Nineteen healthy adolescents 
(13.7+/-1.9 years, 15M, 4F) who regularly participated in 
soccer, ice hockey, or swimming volunteered for this cross-
sectional study. DFLT, normalized Y-balance, and single 
leg hop for distance (SLH) were collected bilaterally. Peak 
ankle, knee, and hip flexion angle during double-leg squat 
(DLS), single leg squat (SLS), and drop jump (DJ) were 
assessed bilaterally using a 12-camera motion capture sys-
tem and averaged over 4 trials. Multiple linear regression 
was used to assess the relationship of  DFLT with Y-balan-
ce, SLH, DLS, SLS, and DJ while controlling for age, sex, 
height, and BMI. 

Results: After controlling for age, sex, height, and BMI, 
DFLT was predictive of  lower composite reach distances 
during y-balance (β=0.92, P=0.004, model R2=0.50) but 
its association with SLH was not significant. Lower DFLT 
was also predictive of  lower peak ankle dorsiflexion during 
BLS, SLS, and DJ (P-value between <0.001 and 0.006, 
model R2 between 0.30 to 0.59), greater peak knee flexion 
during DJ (β=-1.28, P=0.026, Model R2=0.60), and grea-
ter peak hip flexion during SLS and BLS (P-value between 
0.013 and 0.002, model R2 between 0.35 and 0.37). 
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Conclusions: Reduced DF was associated with lower Y-
balance scores and greater hip or knee motion during DJ, 
BLS, and SLS, which could be a risk factor for lower ex-
tremity conditions such as chronic ankle instability or fe-
moroacetabular impingement. Hence, DFLT might be a 
useful screening tool to identify at-risk adolescent athletes. 

O#10 - Identifying Deficits In Range-Of-Motion, 
Joint Laxity, Ligament Thickness And Dynamic 
Balance 6-Months Following An Acute Lateral An-
kle Sprain 

Presenting Author: Bethany Wisthoff  

Authors & Affiliations: Bethany Wisthoff(1), Carrie Do-
cherty(2), Joseph Glutting(1), Geoffrey Gustavsen(1), Todd 
Royer(1), Charles Swanik(1), Thomas Kaminski(1) 

(1) University of  Delaware, Newark, DE, USA 
(2) Indiana University, Bloomington, IN, USA 

Background: Approximately 72% of  patients following 
an ankle sprain have reported residual symptoms six to 18 
months later. Of  those, 40% reported at least one modera-
te to severe symptom, which included: perceived ankle 
weakness, perceived ankle instability, pain, and swelling. 
Previous research has shown that approximately 30% of  
patients suffering an initial ankle sprain will develop chro-
nic ankle instability. Chronic ankle instability (CAI) is defi-
ned by those that have suffered recurrent ankle sprains, 
may have prolonged symptoms, and may exhibit mechani-
cal and/or functional instability. Functional deficits have 
been seen in those with CAI, specifically to postural control 
or dynamic balance. 

Objective(s): The objective was to determine if  differen-
ces existed in dorsiflexion range-of-motion (DFROM), 
talocrural joint laxity, ligament thickness, and dynamic 
balance measures 6-months after an acute ankle sprain 
(AAS) in a college-aged population, compared to those 
with CAI, and to those without a history of  ankle sprains 
(CON). 

Design & Methods: One hundred and sixty-one subjects 
(96 females, 65 males) were recruited (55 AAS, 53 CON, 
53 CAI). Musculoskeletal ultrasound was used to view the 
anterior talofibular ligament with stress using the LigMas-
ter, including dynamic balance using the Y Balance Test 
and DFROM using a goniometer and the weight-bearing 
lunge test. 

Results: Those who experienced an AAS had increased 
inversion (INV) stress, INV talofibular interval (TI), and 
anterior drawer (AD) stress compared to CON and CAI. 
Anterior talofibular ligament (ATFL) thickness was greater 
in AAS than CON, and greater in CAI than CON. In 
DFROM, CAI had less ROM than CON. In the Y Balance 
Test (YBT), CAI had less relative reach distance in anterior 
(ANT), posteromedial (PM), and composite (COMP) com-

pared to CON. AAS also had less COMP percentage than 
CAI and CON. 

Conclusions: Our results demonstrate that those that 
have sustained an AAS, regardless of  whether or not they 
have sprained that ankle before, still show deficits in ankle 
laxity, ROM, and dynamic balance 6-months later. 

O#11 - Single-Leg Hop Performance Is A Predictor 
Of  Patient-Reported Outcomes Following A Late-
ral Ankle Sprain 

Presenting Author: Janet Simon 

Authors & Affiliations: Janet Simon(1), Jae Yom(1), Dus-
tin Grooms(1) 

(1) Ohio University, Athens, OH, USA 

Background: Lateral ankle sprains (LASs) are one of  the 
most common injuries in sport and recent evidence as 
shown that individuals who have sustained a LAS have 
decreased subjective outcomes post-injury. The single-leg 
hop for distance (SLHOP) is a commonly used functional 
performance measure to determine return-to-play readi-
ness. However, it is unknown if  functional performance at 
return-to-play can predict future patient outcomes. 

Objective(s): Determine if  SLHOP performance and 
symmetry at return-to-play following a LAS would predict 
lower extremity patient-reported outcomes six months 
post-injury. 

Design & Methods: Two-hundred thirty-six adolescent 
athletes (15.7±1.4years, 171.1±7.6cm, 70.3±15.3kg) were 
recruited. If  an individual sustained a LAS during their 
sports season and missed sports participation, they were 
eligible for follow-up assessment. Twenty-two athletes were 
eligible and completed follow-up testing. Each participant 
performed three trials per leg of  the SLHOP at return-to-
play. The Pediatric Patient-Reported Outcomes Measure-
ment Information System (PROMIS) Lower Extremity 
scale was completed at six months after return-to-play as 
the patient-reported outcome measure. A stepwise multiple 
linear regression was conducted to predict PROMIS Lower 
Extremity scale score from SLHOP distance on the injured 
and uninjured leg (cm), and limb symmetry (%). 

Results: At step one of  the analysis, injured limb SLHOP 
distance was entered into the regression equation and was 
significantly related to the PROMIS Lower Extremity scale 
F(1,21)=20.8, p<.001. The multiple correlation coefficient 
was 0.79, indicating approximately 62% of  the variance of  
the PROMIS Lower Extremity scale scores could be ac-
counted for by the injured limb SLHOP distance. Specifi-
cally, for every increase in one cm of  SLHOP performance 
there would be an increase of  0.6 points on the PROMIS 
Lower Extremity scale. Uninjured limb SLHOP distance 
and limb symmetry did not enter into the equation at step 
two (p>.05). 

Conclusions: The SLHOP conducted at time of  return-
to-play following a LAS can predict lower extremity pa-
tient-reported outcomes six months later. This indicates 
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that clinicians may be able to use the SLHOP following a 
LAS to not only determine return-to-play readiness but a 
successful long-term outcome. 

O#12 - Prognostic Models For Identifying Risk Of  
Poor Outcome In People With Acute Ankle 
Sprains: The Sprained Development And External 
Validation Study 

Presenting Author: David Keene 
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Background: Ankle sprains are one of  the most common 
musculoskeletal injuries. Although recovery can occur 
within weeks, many patients still have persistent problems 
with their ankle. In the acute phase there is no reliable way 
of  establishing which patients are at risk of  having a poor 
outcome. A prognostic model could help select patients for 
on-going monitoring or rehabilitation. 

Objective(s): To develop and externally validate a prog-
nostic model for identifying people at increased risk of  
poor outcome after an acute ankle sprain. Poor recovery 
was defined as presence of  pain, functional difficulty or 
lack of  confidence in the ankle at 9 months after injury. 

Design & Methods: Twenty-three baseline candidate 
predictors were included together in a multivariable logistic 
regression model to identify the best predictors of  poor 
recovery. Relationships between continuous variables and 
the outcome were modelled using fractional polynomials. 
Regression parameters were combined over 50 imputed 
data sets using Rubin's rule. To minimise overfitting, regres-
sion coefficients were multiplied by a heuristic shrinkage 
factor and the intercept re-estimated. Incremental value of  
candidate predictors assessed at 4 weeks after injury was 
explored using decision curve analysis and the baseline 
model updated. The final models included predictors selec-
ted based on the Akaike information criterion (p<0.157). 
Model performance was assessed by calibration and dis-
crimination. 

Results: Outcome rate was lower in the external validati-
on (6.7%) than in the development data set (19.9%). Mean 
age (29.9 and 33.6 years), BMI (26.3 and 27.1 kg/m2), pain 
when resting (37.8 and 38.5 points) or weight bearing (75.4 
and 71.3 points) were similar in both data sets. Age, BMI, 
pain when resting, pain bearing weight, ability to bear 
weight, days from injury until assessment and injury recur-
rence were the selected predictors. The baseline model had 
fair discriminatory ability (C-statistic 0.72; 95%CI: 0.66 to 
0.79) but poor calibration. The updated model presented 
better discrimination (C-statistic 0.78; 95%CI: 0.72 to 
0.84), but equivalent calibration. 

Conclusions: Prognostic models performed reasonably 
well, and showed benefit compared with not using any 
model; therefore, the models may assist clinical decision-
making when managing and advising ankle sprain patients 
in the ED setting. The models use predictors that are sim-
ple to obtain. 
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Background: The foot is a dynamic complex that allows 
for rapid changes in shape and rigidity during ground ac-
commodation, force attenuation, and return of  force du-
ring propulsion. The ability of  the intrinsic foot muscles 
(IFM), which include the abductor hallucis (AbdH), flexor 
digitorum brevis (FDB), quadratus plantae (QP), and flexor 
hallucis brevis (FHB), to contract and resist force are essen-
tial during these functions. Peripheral and central neuro-
motor deficits are common following lateral ankle sprains 
(LAS) and in chronic ankle instability (CAI) that may affect 
IFM size and function. 

Objective(s): To assess the effects of  ankle injury status 
on IFM size at rest and during contraction in recreational-
ly-active young adults with LAS, Copers, CAI, and healthy 
controls, while factoring the influences of  sex, BMI, and 
foot phenotype. 

Design & Methods: Foot Posture Index (FPI), Foot Mo-
bility Magnitude (FMM), and ultrasonographic cross-secti-
onal area of  the AbdH, FDB, QP, and FHB were assessed 
at rest, unresisted, and with resistance in 22 healthy (13 
females, mean age: 19.6±0.9, BMI: 22.5±3.2, FPI: 
4.2±3.9, FMM: 2.5±1.8), 17 LAS (9 females, mean age: 
21.8±4.1, BMI: 24.1±3.7, FPI: 2.5±3.4, FMM: 2.7±1.7), 
21 Copers (13 females, mean age: 20.8±2.9, BMI: 
23.7±2.9, FPI: 3.6±4., FMM: 1.8±1.3), and 20 CAI (15 
females, mean age: 20.9±4.7, BMI: 25.1±4.5, FPI: 
4.4±3.6., FMM: 2.3±1.1) participants. Contraction measu-
res were normalized to resting IFM size. 

Results: A linear regression analysis assessing group, sex, 
BMI, FPI, and FMM on IFM size at rest and during con-
traction found sex (p<.001), BMI (p=.01), FPI (p=.05), and 
the FMM*FPI interaction (p=.008) predicted 19% of  the 
variance (p=.002) in resting AbdH measures. Sex (p<.001) 
and BMI (p=.02) also explained 24% of  resting FDB mea-
sures (p<.001). Having a recent LAS (p=.03) and FMM 
(p=.02) predicted 11% of  unresisted QP contraction mea-
sures (p=.04), with sex (p<.001) explaining 13% of  resting 
QP measures (p=.02). Both sex (p=.01) and FMM (p=.03) 

predicted 16% of  resting FDB measures (p=.01). There 
were no other statistically significant findings. 

Conclusions: IFM resting ultrasound measures were 
primarily determined by sex, BMI, and foot phenotype. 
Injury status was not a significant or substantial factor in 
IFM size or activation, which limits the clinical utility of  
these ultrasonographic assessments in young adults with 
LAS and CAI. 

O#14 - Fibular Position In Chronic Ankle Instabi-
lity Radiographically Measured In Weight-Bearing 
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University of  Newcastle, Callaghan, Australia 

Background: Bony incongruence related to fibular posi-
tion has been observed following ankle sprains in non 
weight-bearing radiographs. However, the use of  differing 
radiographic measurement methods has resulted in incon-
sistent findings. A discrimination score for an abnormally 
positioned fibula in relation to the tibia to differentiate 
individuals with and without ankle instability has not been 
described to date. Furthermore, reliability measures of  
fibular position from weight-bearing radiographs have not 
been reported. 

Objective(s): To compare weight-bearing radiographic 
measures of  normalised fibular position in individuals with 
chronic ankle instability (CAI) with those from healthy 
individuals. In addition, to assess reliability, specificity and 
sensitivity of  weight-bearing radiographic measures of  
normalised fibular position for identifying altered fibular 
positon in CAI. 

Design & Methods: A lateral X-ray was taken of  the 
affected ankle of  33 adults ≥ 18 years with CAI, and the 
matched ankle in 33 healthy controls in weight-bearing. 
Fibular position was considered as the distance between the 
anterior edges of  the distal fibula and tibia. Fibular position 
was normalised to the maximum tibial width (within the 
distal-epiphysis) and compared between groups using t-
tests.  
Reliability measures were calculated using intra-class corre-
lation co-efficients. Sensitivity, specificity and a recommen-
ded threshold for the normalised fibular position that best 
differentiates individuals with CAI from those with healthy 
ankles was determined using a receiver operating characte-
ristic curve. 

Results: Individuals with CAI had a normalised fibular 
position that was significantly more anterior compared to 
healthy controls (mean difference (MD)=3.01%, 95% 
CI=0.19-5.83, p=0.04). Reliability was excellent for mea-
suring normalised fibular position (intra-rater, ICC2, 1 
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0.99, 95% CI 0.98-1.00; inter-rater 0.98, 95% CI 0.96-.
99). The threshold normalised fibular position was 27%, 
and a score >27% indicates an increased likelihood of  
being an individual with CAI. Sensitivity and specificity 
were reported as 69.7% and 54.5% respectively, for this 
threshold of  normalised fibular position. 

Conclusions: Individuals with CAI had a more anteriorly 
positioned fibula in relation to the tibia in weight-bearing 
as compared to matched healthy controls. Weight-bearing 
radiographic measurements of  fibular position have excel-
lent reliability. Low specificity and sensitivity for normali-
sed fibular position suggest it has little ability to predict the 
presence of  CAI. 

O#15 - Gluteus Medius Dysfunction Throughout 
Walking Gait In Chronic Ankle Instability Patients 
Compared To Copers 

Presenting Author: Alexandra DeJong 
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Injury Lab 

Background: Chronic ankle instability (CAI) patients 
often present with altered gait mechanics compared to 
ankle sprain copers. There is increasing evidence to suggest 
proximal alterations contribute to the lasting impairments 
uniquely associated with CAI, however less is known about 
the influence of  gluteal muscle function during gait. Ultra-
sound imaging (USI) allows for a visual analysis of  dynamic 
muscle activity, and overcomes limitations of  cross-talk 
associated with electromyography. Previous USI investiga-
tions have identified gluteus medius (GMED) deficits in 
CAI patients when compared to healthy individuals; it 
would be important to note if  these differences persist in 
individuals with disparate ankle sprain outcomes. 

Objective(s): To investigate unilateral gluteus maximus 
(GMAX) and GMED functional activity throughout tre-
admill walking at three speeds (preferred, 120% preferred, 
and 1.35 meters per second) in individuals with CAI com-
pared to ankle sprain copers. 

Design & Methods: 14 females (21±3yrs) with CAI 
(IdFAI=11) and 14 copers (IdFAI=21) walked at preferred, 
120% preferred, and standardized speeds in randomized 
order. Ground reaction forces and 10-second USI GMAX 
and GMED clips were simultaneously recorded. USI clips 
were reduced using ground reaction forces to extract 55 
measurement frames (11 frames over 5 cycles). Normalized 
gluteal thickness measures were used to determine functio-
nal activity ratios (FARs). 2x3 ANOVAs were run to assess 
group and speed effects on GMAX and GMED FARs 
throughout walking using statistical parametric mapping 
(SPM). Post-hoc SPM t-tests and Cohen’s d effect sizes 
were assessed for significant findings (p≤.05). 

Results: There was a significant main effect for GMED 
thickness differences throughout the entire gait cycle (p<.
001); post-hoc t-tests revealed that CAI patients had signifi-
cantly less GMED FARs when compared to coper coun-
terparts (Mean Differences: 0.10-0.18; Cohen’s D: 
1.00-3.17). GMED FAR’s remained below resting thickness 
measures (FARs<1), while copers demonstrated increased 
activity throughout the majority of  gait (FARs: 0.97-1.11). 
GMED alterations were independent of  gait speed as there 
was no significant main effect for speed, nor an interaction 
between group and speed. Additionally, there were no sig-
nificant group or speed main effects, nor a group by speed 
interaction for GMAX FARs. 

Conclusions: GMED dysfunction throughout gait may 
influence lasting movement impairments associated with 
CAI, as ankle sprain copers did not present with similar 
deficits (FAR’s>1). These findings offer novel insights into 
proximal muscle dysfunction throughout fundamental mo-
vement, and suggest a potential avenue for neuromuscular 
education to improve CAI patient outcomes. 

O#16 Efficacy Of  Stability-Based Training With 
Visualisation In People With Chronic Ankle Insta-
bility 

Presenting Author: Lauren Forsyth 

Authors & Affiliations: Lauren Forsyth(1), Jason Bonac-
ci(2), Craig Childs(3) 

(1) Faculty of  Biomedical Engineering, University of  Strathclyde, Glas-
gow, United Kingdom 

(2) School of  Exercise and Nutrition Science, Deakin University, Geelong, 
Australia 

(3) Faculty of  Biomedical Engineering, University of  Strathclyde, Glas-
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Background: Chronic ankle instability (CAI) is associated 
with recurrent ankle sprains, mechanical laxity and/or 
perceived instability. Stability-based rehabilitative training 
has been found to prevent further injury, however poor 
programme compliance can hinder the programme’s effec-
tiveness. Virtual reality (VR) systems have been shown to 
provide a stimulating and motivational environment that 
may be more conducive to rehabilitation adherence. An 
emerging technique, visualisation, is the connection of  
biomechanical analysis and VR. Visualisation produces 
real-time feedback, by accurately monitoring movement 
and progress, using VR to create a diverse, challenging, 
and controllable environment, representative of  real-world 
situations. 

Objective(s): The aim of  this study was to determine the 
feasibility of  incorporating visualisation into stability trai-
ning for people with chronic ankle instability. Specifically, 
the effect of  visualisation on performance of  the Star Ex-
cursion Balance Test (SEBT), as well as participant’s en-
joyment of  the experience 
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Design & Methods: Individuals with CAI were random-
ly allocated to the 4-week stability-based training pro-
gramme with visualisation (VIS), or without (NO-VIS). 
Balance exercises were based on standard practice, with 
adaptations for visualisation. Participants completed the 
SEBT and Cumberland Ankle Instability Tool (CAIT) 
prior to, and after training. Participants recorded enjoy-
ment of  training using the Physical Activity Enjoyment 
Scale (PACES-8). The Strathclyde Cluster Model and poin-
ter calibration were applied to all participants. Movement 
was tracked using Vicon Tracker (Vicon, Oxford, UK), 
with testing controlled and recorded using D-Flow (Motek 
Medical, Amsterdam, The Netherlands). Effect size (d) was 
calculated and interpreted using Hopkin’s recommendati-
ons. 

Results: Of  17 participants (Vis=10,No-Vis=7), there 
were 2 drop outs (Vis=1,No-Vis=1). No adverse events 
were reported and participant drop-out was due to injury 
unrelated to the study. There were no between-group diffe-
rences in population demographics and pre-training CAIT 
scores (p⩾0.2). Following training there was a non-signifi-
cant but small effect (d=0.6,p=0.3) favouring the NO-VIS 
group for an increase in CAIT score. There was a non-
significant but moderate effect (d=1,p=0.20) favouring the 
VIS group for an increase in average reach distance on the 
SEBT. There was a non-significant but large effect 
(d=1.4,p=0.16) for higher enjoyment of  training in the VIS 
group. 

Conclusions: Results of  this study support the feasibility 
and safety of  stability training with visualisation in those 
with CAI. Observations of  a more enjoyable experience, 
alongside improved postural control suggest visualisation 
may enhance stability-based training. Implications of  this 
will be discussed, along with the practicalities and logistics 
of  running such programmes. 

O#17 - Altered Spinal-Level Sensorimotor Control 
Related To Pain And Perceived Instability In Peop-
le With Chronic Ankle Instability 

Presenting Author: Cassandra Thompson 
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Hiller(2), Siobhan Schabrun(3) 
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Background: Individuals with CAI are unable to modu-
late presynaptic inhibition, and have greater recurrent 
inhibition, of  soleus spinal reflex excitability when compa-
red to healthy controls. However, comparisons of  presy-
naptic and recurrent inhibition in CAI have yet to include 
a LAS-coper population. Thus, it is unknown whether 
impaired regulation of  the spinal reflex pathway through 
presynaptic and recurrent inhibition, is characteristic of  

injury history (common to CAI and LAS-copers), or symp-
tomatic of  chronic ankle instability (CAI alone). 

Objective(s): To compare soleus spinal reflex excitability, 
presynaptic inhibition and recurrent inhibition between 
CAI, acute Lateral Ankle Sprain coper (LAS-coper) and 
healthy populations. The relationship between spinal reflex 
excitability and pain and perceived instability in people 
with CAI was also examined. 

Design & Methods: Twelve individuals with CAI, twelve 
‘copers’ and twelve healthy age, limb and gender-matched 
controls participated in this cross-sectional laboratory study. 
All participants met IAC inclusion criteria. Soleus H-reflex 
recruitment curves, presynaptic excitability and recurrent 
inhibition of  the spinal-reflex pathway were examined 
during static double- and single-leg stance. Reporting of  
pain and perceived instability were used to perform a re-
gression analysis on measures of  soleus spinal excitability in 
people with CAI, LAS-coper and healthy controls. 

Results: Soleus spinal reflex excitability was greater du-
ring single-leg stance in CAI compared to healthy and 
coper individuals. Presynaptic inhibition was three-times 
less in CAI participants compared to both healthy controls 
and copers. There were no differences between healthy and 
coper participants in spinal-level measures of  sensorimotor 
control. Reports of  pain explained 15-16% of  the variance 
in soleus spinal reflex excitability and presynaptic inhibiti-
on during single and double-leg stance, while perceived 
instability explained 20% of  the variance in spinal reflex 
during single-leg stance only. 

Conclusions: CAI participants presented with an inabili-
ty to supress soleus spinal reflexes during tasks with increa-
sed postural threat; likely due to disinhibition of  presynap-
tic mechanisms. Pain and perceived instability may exacer-
bate changes in spinal-level sensorimotor control in CAI. 

O#18 - Gait Biomechanics At Three Walking 
Speeds In Individuals With Chronic Ankle Instabi-
lity And Ankle Sprain Copers 

Presenting Author: Rachel Koldenhoven 

Authors & Affiliations: Rachel Koldenhoven(1), Mark 
Abel(2), Susan Saliba(1), Joseph Hart(1), Jay Hertel(1) 
(1) University of  Virginia, Department of  Kinesiology, Charlottesville, 

USA 
(2) University of  Virginia, Department of  Orthopaedic Surgery, Charlot-

tesville, USA 

Background: Individuals with CAI have demonstrated a 
more inverted foot position during walking when compared 
to a healthy control group. Copers are individuals who 
have had an ankle sprain but learn to cope and return to 
pre-injury levels of  function and may be a better compari-
son group than healthy controls because they have had the 
same initial injury. Differences in gait biomechanics during 
different walking speeds between copers and individuals 
with CAI have not been established. 
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Objective(s): The objective was to simultaneously analy-
ze lower extremity walking gait kinematics, kinetics, and 
surface electromyography (sEMG) between individuals 
with CAI and copers at a preferred walking speed (PWS), 
120% preferred walking speed (120PWS), and a standardi-
zed walking speed (SWS) of  1.34 m/s. 

Design & Methods: Thirty-six young adult participants 
(16F, 2M coper; 16F, 2M CAI) walked on an instrumented 
treadmill at three walking speeds (PWS, 120WS, SWS). 
Three-dimensional kinematics and kinetics were analyzed 
at the ankle, knee, and hip. EMG root mean square ampli-
tude was analyzed for fibularis longus, tibialis anterior, 
medial gastrocnemius, and gluteus medius muscles. Ten 
consecutive strides from each speed were analyzed using 
statistical parametric mapping (SPM). A 2x3 group by 
speed SPM-ANOVA and post-hoc SPM t-tests were used to 
compare differences between the coper and CAI groups. 

Results: The CAI group had greater ankle inversion at IC 
(PWS: CAI=3.3+3.4º, Coper=-1.1+4.6º; 120PWS: 
CAI=3.6+3.7º, Coper =-1.4+4.1º; SWS: CAI=4.4+4.6, 
Coper=-2.2+5.0º) and during swing (Peak inversion: PWS: 
CAI=5.6+5.1º, Coper=0.4+4.3º; 120WS: CAI=5.6+5.4º, 
Coper=1.2+4.2º; SWS: CAI=6.8+5.9º, Coper=0.6+4.2º). 
Group differences lasted for more % of  gait as speed in-
creased (34% PWS, 61% 120WS, 90% SWS). The CAI 
group had greater peak hip adduction during swing (PWS: 
C A I = - 5 . 1 + 5 . 7 º , C o p e r = - 0 . 6 + 3 . 4 º ; 1 2 0 P W S : 
CAI=-5.1+4.5º, Coper=-1.0+3.3º; SWS: CAI=-5.2+4.2º, 
Coper=-1.6+3.1º). Peak internal ankle plantarflexion mo-
ment during mid-late stance was greater in CAI (120WS: 
CAI=-1.7+0.6 Nm/kg, Coper=-1.0+0.8 Nm/kg; SWS: 
CAI=-1.8+0.7 Nm/kg, Coper=-1.2+0.7 Nm/kg). There 
were no significant differences for sEMG outcomes. 

Conclusions: Group differences in ankle inversion kine-
matics between the CAI and Coper groups got larger and 
lasted for more of  the gait cycle as walking speed increased. 
We recommend that future studies evaluating gait biome-
chanics in CAI patients utilize a standardized walking 
speed of  at least 1.34 m/s. 

O#19 - The Gut Microbiota Profile In Individuals 
With A History Of  Lateral Ankle Sprain 

Presenting Author: Masafumi Terada 

Authors & Affiliations: Masafumi Terada(1), Masataka 
Uchida(1), Tadashi Suga(1), Tadao Isaka(1) 

(1) Ritsumeikan University, Shiga, Japan 

Background: Existing literature provides evidence of  
altered CNS function and increased psychological stress 
following lateral ankle sprain (LAS). It has become increa-
singly evident that the gut microbiota is interacted with 
central nervous system (CNS) and relates to reduced func-
tion and self-reported disability. Researchers have identified 
alterations in microbial diversity in the gastrointestinal tract 

in several pathologies, including Parkinson’s disease, psy-
chological disorders, and osteoarthritis. However, associati-
ons between LAS and the gut microbiota profile have not 
been investigated. Determining if  LAS is associated with 
the gut microbiota profile has the potential to create a pa-
radigm shift for intervention strategies in patients with 
LAS. 

Objective(s): Identify differences in the gastrointestinal 
microbiota profile in individuals with and without a history 
of  LAS. 

Design & Methods: Fifty male college student athletes 
(basketball, football, and track and field) with (n=32) and 
without (n=18) a previous history of  LAS participated in 
this study. Faecal samples were collected in the morning 
after awakening, and faecal microbiota were characterized 
via bacteria 16S rRNA amplicon sequencing. Alpha diver-
sity metrics (Chao1 index, ACE index, Shannon index, 
Simpson index, and Observed species) were calculated. 
Independent t-tests were used to compare differences in the 
gut microbial diversity and composition between partici-
pants with and without a history of  LAS. 

Results: The LAS history group had higher Chao1 index 
(2227.67±799.46) compared to the control group 
(2899.39±1432.48) (p=0.0038). There were significantly 
higher proportions of  Bacteroides fragilis in athletes with a 
history of  LAS (2.67%±4.26) compared with the controls 
(0.72%±1.51) (p=0.029). There were no significant results 
for other microbiota outcomes (p>0.05). 

Conclusions: The gut microbiota of  athletes with a pre-
vious history of  LAS had less diverse compared to controls, 
indicating potential associations between LAS and the gut 
microbiota. Continued work is needed to improve the un-
derstanding of  the underlying neuroimmunological me-
chanism of  altered gut microbiota among individuals with 
a history of  LAS. 
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Background: Ankle sprain is the most common ankle 
injury in futsal athletes. If  perceived instability and / or 
recurrent sprain and / or mechanical instability develops 
or remains six months after an ankle sprain, it is considered 
chronic ankle instability (CAI). The athletes’ sport perfor-
mance could be affected by their perceived instability. For 
futsal athletes, balance performance is crucial, they need to 
control the ball using both static and dynamic balance. 
Several studies reported that CAI could disturb adults’ 
balance performance but such studies in children are limi-
ted. 

Objective(s): To compare static and dynamic balance 
performance among four groups of  child futsal athletes 
with 1) bilateral CAI, 2) unilateral CAI, 3) ankle sprain 
history without CAI (coper) and 4) no ankle sprain history 
(control). 

Design & Methods: Futsal athlete children (8-16 years) 
were recruited, interviewed and classified into the four 
groups. Static balance performance was tested by time of  
single leg standing on the floor and on foam with eyes ope-
ned- and eyes closed- for a maximum of  30 seconds in each 
condition. Dynamic balance performance was tested by the 
Star Excursion Balance Test (SEBT) in anterior, posterola-
teral and posteromedial directions. Best single leg stance 
duration was analysed by the Kruskal–Wallis test with 
Mann–Whitney U test post-hoc analysis. SEBT mean 
normalized reach distances (%) were analysed by one-way 
ANOVA with Bonferroni post-hoc analysis. 

Results: Sixty-seven participants (13.7±1.9yrs; 45 males; 
14 bilateral CAI, 23 unilateral CAI, 19 copers, 11 controls) 
were recruited. No demographics were different among 
groups except gender. For static balance only standing on 
foam with eyes open was significant with a difference bet-
ween control (30s) and unilateral CAI groups (27.8s, p < 
0.05). SEBT was significant in all directions. For postero-
medial direction there was a significant difference between 
the control (66.9 ± 10.2) and all other groups (56.5±8.4, 
53.4±8.4, 55.9±10.5, p< 0.001). For anterior and posterol-

ateral directions, the difference was between control 
(76.7±9.2, 73.1±9.1) and unilateral CAI groups (65.5±7.8, 
58.9±10.6, p< 0.05). 

Conclusions: Futsal athlete children with unilateral 
chronic ankle instability showed significant static and dy-
namic balance impairment when compared with children 
without ankle sprain history. SEBT in the posteromedial 
direction could be used to distinguish impairments between 
uninjured and injured Futsal athlete children. 

O#21 - The Effect Of  Ankle Braces On Proprio-
ception With And Without A Fatigued State Of  The 
Body In Patients With Chronic Ankle Instability 
Between The Ages Of  18 – 35 

Presenting Author: Yvon Hagoort 

Authors & Affiliations: Yvon Hagoort(1), Ingrid 
Barelds(1) 

(1) Hanze University of  Applied Sciences, Groningen, NL 

Background: Chronic Ankle Instability, CAI, is one of  
the most common residual problems after an ankle injury. 
Joint proprioception plays an important role in maintaining 
functional stability of  the joint. A fatigued state of  the body 
is linked with a decreased joint position sense. Research has 
shown that braces are an effective method for the recurren-
ce of  an ankle sprain. However, the underlying working 
mechanism of  this preventive effect of  ankle bracing 
remains unclear. Furthermore, it is unclear whether fatigue 
influences the effect of  braces on the joint position sense. 

Objective(s): The main aim of  the study is to investigate 
the effect of  ankle braces on the ankle joint position sense 
with and without a fatigued state of  the body in patients 
with Chronic Ankle Instability between the ages of  18 – 35 

Design & Methods: Ankle proprioception was measured 
with and without a brace in both a fatigued state and an 
unfatigued state. Athletes with CAI (18-35 years) were in-
cluded according to the selection criteria provided by the 
International Ankle Consortium. Joint Position Sense was 
measured using the Angle Reproduction test on the Humac 
Norm for 10o and 30o plantarflexion. To induce fatigue, 
participants ran on a treadmill for 5 minutes at 6.5 km/h, 
with an increase of  1km/h per minute till fatigued. Wil-
coxon and Friedman test were used to compare the results 
with and without brace and the comparison between the 
braces. 

Results: 12 subjects with CAI participated (age: 22.58 ± 
2.9 years, length 177 ± 7.77 cm, body mass: 74.5 ± 12.7 
kilograms, mean amount of  injuries 3.25 ± 1.4 in total, 
CAIT 16.2 ± 4.5). A significant difference was found with 
and without a fatigued state of  the body with the Exo – L 
brace at 30o of  plantarflexion(Z=-2.394, p=.017). The 
mean error of  degrees with a fatigued state of  the body did 
not significantly change among the groups at 10o of  plan-
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tarflexion (X2 (2) = 5.167, p = .075) and 30o of  plantar-
flexion (X2 (2) = 0.409, p=.815). 

Conclusions: Based on the results of  this study, a brace 
has minimal to no effect on the JPS of  the ankle in a fa-
tigued state of  the body. The relevance of  this minimal 
effect still has to be examined. 

O#22 - Individuals With Chronic Ankle Instability 
Demonstrate Less Variation In Plantar Force Pro-
file During Walking, Running And Jumping Mo-
vements 

Presenting Author: Chris Bleakley 

Authors & Affiliations: Chris Bleakley(1,2), B Mandry(1), 
S Swackhammer(1), Kevon Ford(1), T Brindle(1) 

(1) Department of  Physical Therapy, Congdon School of  Health Science, 
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Background: A healthy sensorimotor system allows indi-
viduals to adapt to various changes in environmental con-
ditions and task demand. Chronic ankle instability (CAI) 
introduces an organismic constraint which can alter senso-
rimotor performance, however it is unclear how movement 
patterns are ultimately affected. Whilst some studies sug-
gest CAI results in movement rigidity and predictably, 
others report movements become excessively variable and 
inconsistent. There is logic that both extremes could be 
deleterious for long term joint health. Much of  the literatu-
re has examined biomechanical variability in open chain 
kinematics and step parameters, but few have considered 
variability at the body-environment interface. 

Objective(s): The objective was to identify differences in 
stride-to-stride variability in plantar force profile during 
walking, running and side skipping between individuals 
with and without CAI. We hypothesized that participants 
with CAI would exhibit lower levels of  variability than 
control participants across all movement tasks. 

Design & Methods: We recruited 26 individuals with 
CAI and 24 healthy controls. The test limb for controls was 
randomly selected. Plantar loading parameters were collec-
ted using the Pedar-X in-shoe system (Novel, Germany) 
during four movement tasks: walking, jogging, side skipping 
(right and left). Maximum Force (% body weight) and Force 
Time Integral (% body weight) were extracted for each test. 
Variability was determined using SD across repeated 
ground contacts and the coefficient of  variation (COV). 
Between group differences were examined using Cohen’s d 
(ES) and independent t tests. Secondary analyses were 
undertaken on the entire foot and for 7 anatomical regions 
(‘masks’). 

Results: Individuals with CAI consistently demonstrated 
less intra-individual variability in FMax (%bw) and FTI 
(%bw), with moderate to large effect sizes noted during 
walking and jogging. CAI was also associated with less 

plantar force variability during side skipping, however this 
was only evident in the trail leg (not the lead leg). Seconda-
ry analyses found that the largest between group differen-
ces typically occurred at the foot region involved in initial 
contact eg. the heel mask during walking (ES 0.9 CI 95% 
0.2-1.5, p=0.002) and the medial forefoot mask in the trail 
leg (ES 0.8 CI 95% 0.3-1.6, p=0.003) during side skips. 

Conclusions: CAI is associated with less variable (more 
rigid) plantar force profile during walking, jogging and side 
skipping. The largest between group differences occurred 
in foot regions experiencing the initial ground contact. It 
may be that reduced sensory input during the open chain 
predicates a more rigid initial loading response. 

O#23 - Mechanical Ankle Instability Patients Suf-
fer Insufficiencies Of  Vestibular System 

Presenting Author: Yinghui Hua 

Authors & Affiliations: Hongyun Li(1), Yinghui Hua(1) 

(1) Department of  Sports Medicine, Huashan Hospital, Fudan University, 
Shanghai, China 

Background: Previous researches indicated that patients 
with mechanical ankle instability (MAI) suffered deficits in 
postural control. Control of  posture involves three input 
balance systems: visual, vestibular, and somatosensory sys-
tems. 

Objective(s): The purpose of  this study was to compare 
the difference in the three senses between MAI and normal 
control people. 

Design & Methods: Twenty-two patients with MAI and 
19 healthy control subjects were included in the study. MAI 
patients were diagnosed with lateral ankle ligaments ruptu-
re by magnetic resonance imaging, ultrasonography and 
arthroscopic evaluation. All participants performed 
standardized Sensory Organization Test (SOT) before the 
operation. The equilibrium and strategy scores were calcu-
lated. The sensory and strategy analyses were performed 
and compared between the 2 groups. 

Results: The equilibrium scores for conditions 1,3,5 and 
6 were significantly lower (P<0.05) in MAI group. Sensory 
analysis indicated that the ability to use input from vestibu-
lar system was decreased obviously in MAI group (P<0.01). 
No differences were found in the patient’s ability to use 
input from visual and somatosensory systems. The strategy 
score of  SOT 5 was significantly lower (p<0.05) in MAI 
patients than in control participants, which indicated the 
increased use of  hip strategy in unstable surface in MAI 
patients. 

Conclusions: Patients with MAI suffer deficits in postural 
control. The ability to use input from vestibular system 
decreased and the ability to use hip strategy increased in 
MAI patients. 
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Background: The intrinsic foot muscles (IFM) are key 
foot stabilizers and are part of  the active and neural com-
ponents of  the foot core system. Their anatomical inserti-
ons enable their role as dynamic support of  the foot medial 
arch (FMA). Weakness of  IFM has been linked to flexible 
flat foot and excessive pronation. In order to strengthen the 
IFM, neuromuscular electrical stimulation (NMES) has 
recently been proposed as a promising modality. However, 
to date, no studies have evaluated the effect of  a single 
session of  NMES on IFM strength and arch stability in 
healthy pronators. 

Objective(s): To investigate the immediate effects of  a 
single NMES strengthening session of  the foot medial arch 
on IFM maximal strength and arch stability in subjects 
with static pronation of  the foot. 

Design & Methods: Forty-six healthy male and female 
volunteers with foot pronation (FPI >6) were randomly 
assigned to an experimental (n=23) or control (n=23) 
group. Participants in the experimental group received a 
single NMES strengthening session during 15 minutes on 
the dominant foot (abductor hallucis and FMA). Control 
group participants received a sham NMES (TENS) with 
similar modalities. Arch stability was assessed using “navi-
cular drop” measurement (ND) while IFM maximal 
strength was assessed on a pressure platform while perfor-
ming “short foot exercise” to the maximum. All the outco-
mes measurements were assessed pre- and post- interventi-
on. 

Results: The NMES group displayed a significant increa-
se in IFM strength (5.1±1.0 N/kg vs 6.0±1.3 N/kg, 
p<0.01) and ND (8.0±2.7mm vs 6.6±2.9mm, p<0.01) 
while these did not change in the control group (5.0±1.0 
N/kg vs 5.1 ±0.9 N/kg, p>0.05) and (7.2±2.3mm vs 
7.3±2.3mm, p>0.05).  
We found effect sizes of  0.92 and 0.54 for IFM strength 
and arch stability between pre- and –post intervention in 
the NMES group on the dominant foot. No other signifi-
cant effects in the non-dominant foot for groups were ob-
served. 

Conclusions: A single NMES session on FMA was effec-
tive at enhancing IFM strength and arch stability in sub-
jects with static foot pronation. This supports the role of  
IFM electrical stimulation programmes in subjects with low 

arch, even without hypertrophic effect, in order to promote 
the strength of  the FMA active stabilizers. 

O#25 - Unilateral Drop Jump Landing Biomecha-
nics Of  Individuals With And Without Chronic 
Ankle Instability 
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Background: Chronic ankle instability (CAI) is a conditi-
on that often occurs after sustaining a lateral ankle sprain. 
CAI has been associated with kinematic, kinetic and elec-
tromyographic (EMG) deficits during unilateral jump lan-
ding. However, few studies have investigated the unilateral 
jump landing biomechanical deficits for individuals with 
CAI on more challenging surfaces (e.g. unstable and incli-
ned). It is necessary, as in real-life situations, CAI individu-
als can sprain their ankles on a variety of  surfaces’ hard-
ness or inclination. Better understanding the deficits associ-
ated with CAI during unilateral jump landing on these 
surfaces will ultimately help to develop a better treatment 
rehabilitation protocol. 

Objective(s): The objective of  this case-control study was 
to quantify the biomechanical (kinematic, kinetic and 
EMG) differences between individuals with and without 
CAI during unilateral drop landing on flat, inclined and 
unstable surfaces. 

Design & Methods: Kinematic, kinetic and EMG data 
of  63 participants (32 CAI and 31 controls) were collected 
during unilateral drop landing on flat, 25 degrees laterally 
inclined and unstable (foam) surfaces. The participants 
completed five trials of  all tasks. The dependant variables 
were ankle and knee angles and moments and gluteus me-
dius, vastus lateralis, biceps femoris, gastrocnemius lateralis, 
fibularis longus and tibialis anterior muscles mean activity. 
Data were normalized to 100% of  the preactivation (heel 
off  to initial contact) and the landing (initial contact to 
maximal knee flexion) phases and were compared between 
groups with a one-dimensional statistical parametric map-
ping analysis. 

Results: For the unilateral drop landing on a flat surface, 
the CAI group exhibited a decreased vastus lateralis muscle 
activity from 81 to 87% (p<0.01) of  the preactivation pha-
se compared to the healthy group. For the inclined surface, 
the CAI group exhibited an increased biceps femoris mus-
cle activity from 33 to 56% (p<0.01) of  the preactivation 
phase. Finally, for the unstable surface, the CAI group ex-
hibited an increased ankle dorsiflexion from 77 to 88% 
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(p=0.02) of  the landing phase. No difference was observed 
between groups for the knee kinematics and the ankle and 
knee moments during all three tasks. 

Conclusions: The results of  this study show that biome-
chanical differences associated with CAI are task depen-
dent and will help to better understand the underlying 
deficits associated with this pathology. Finally, the results of  
this study will help researchers and clinicians to better tar-
get the deficits associated with CAI during rehabilitation. 

O#26 - Neurocognition And Dynamic Postural 
Control In Collegiate Athletes With A History Of  
Ankle Sprain 

Presenting Author: Matthew Hoch 

Authors & Affiliations: Mathew Hoch(1), Nicholas Hee-
bner(1), Carolina Quintana(1), Reiley Bergin(1), Dong Han(1), 
John Abt(1) 

(1) University of  Kentucky, Lexington, Kentucky, USA 

Background: Athletes encounter a variety of  complex 
situations that require strategic and split-second decisions 
under physical and cognitive stress. Cognitive domains 
including executive function, processing speed, and memo-
ry are critical for sorting and interpreting incoming images, 
prioritizing attention, and responding to rapidly changing 
environments. Poorer baseline neurocognitive function has 
been identified in athletes who sustained noncontact ante-
rior cruciate ligament injuries which may have resulted 
from coordination errors or deficits in sensorimotor con-
trol. Neurocognitive function has not been thoroughly 
explored in athletes with a history of  ankle sprain which 
may provide insight into recurrent injury mechanisms and 
novel rehabilitation strategies. 

Objective(s): Compare neurocognitive function and dy-
namic postural control in collegiate athletes with and wit-
hout a history of  ankle sprain. We hypothesized that colle-
giate athletes with a history of  ankle sprain would exhibit 
poorer neurocognitive function and dynamic postural con-
trol compared to collegiate athletes without a history of  
ankle sprain. 

Design & Methods: A total of  107 collegiate athletes 
with (n=44) and without (n=63) a history of  ankle sprain 
participated. Neurocognition was assessed using the NIH 
Toolbox subtests for executive function (Flanker Attention 
and Inhibitory Control), processing speed (Pattern Compa-
rison Process Speed), and memory (Picture Sequence Me-
mory Test). Fully-corrected standard scores (T-score) were 
calculated for all tests. Dynamic postural control was asses-
sed using a hop stabilization task. Gyroscopic data were 
recorded using an inertial measurement unit. The root-
mean-square of  the resultant vector (RMS-RV) was calcu-
lated for three seconds upon single-limb landing. ANCO-

VAs and effect sizes (ES) were used for group comparisons. 

Results: Collegiate athletes with a history of  ankle sprain 
demonstrated poorer executive function (Ankle Sprain 
History: 46.28±10.20, No Ankle Sprain History: 
50.58±10.58; p=0.04; ES=0.41±0.39) after controlling for 
gender, concussion history, and previous surgery. No signi-
ficant differences were identified in processing speed (Ankle 
Sprain History: 62.04±9.27, No Ankle Sprain History: 
63.10±9.21; p=0.56; ES=0.11±0.39), memory (Ankle 
Sprain History: 52.23±11.70, No Ankle Sprain History: 
55.04±11.48; p=0.22; ES=0.24±0.39), or the RMS-RV 
(Ankle Sprain History: 88.84±37.45, No Ankle Sprain 
History: 92.50±37.37; p=0.63; ES=0.10±0.40). 

Conclusions: Collegiate athletes with a history of  ankle 
sprain demonstrated poorer executive function specifically 
related to visual attention and inhibitory control. Future 
studies should explore dynamic postural control assess-
ments with integrated dual-task paradigms to assess the 
interaction between neurocognition and sensorimotor con-
trol in athletes with a history of  ankle sprain. 
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Free paper session #5 

Ready for sport? 

Chair: Caroline Bolling 

O#27 - Return-To-Play Following Acute Lateral 
Ankle Sprains – A Consensus Approach To Develop 
A Modular Test Battery. 

Presenting Author: Hendrik Bloch 

Authors & Affiliations: Hendrik Bloch(1), Christian 
Klein(1), Patrick Luig(2) 

(1) VBG (German Statutory Accident Insurance for the Administrative 
Sector), Department for Sports Injury Prevention, Hamburg, Germany 

(2) DHB (German Handball Federation), Dortmund, Germany 

Background: Ankle injuries represent one of  the most 
common injuries in German elite team sports and have a 
high risk for re-injury. In German elite basketball, ankle 
injuries are most frequent (18.6 %), while in handball (13.6 
%) and football (12.5 %) they occur the second and third 
most. In the season 2016/17, ankle injuries lead to medical 
treatment costs of  1.2 million Euro, while the overall bur-
den was 11.000 days of  time loss. Once an ankle sprain 
occurs, up to 80 % will suffer recurrent sprains. However, 
until now standardized return-to-play guidelines are mis-
sing. 

Objective(s): In collaboration with the Federal Institute 
of  Sports Science (BISp), the VBG initialized a consensus 
conference “Return-to-play after ankle sprains”. Therefore, 
relevant German research groups and accredited experts 
from German elite team sports such as physicians, physio-
therapists, rehab and strength and conditioning coaches 
were invited. The superordinate aim was to issue a consen-
sus-based test battery. 

Design & Methods: Forty attendees followed the invita-
tion to the conference. After an initial discussion of  three 
different “Best-Practice” return-to-play concepts, the ex-
pert panel identified conceptual overlaps and commonali-
ties. Furthermore, the group debated superordinate test 
categories and appropriate tests focusing on the minimal 
requirements at the return-to-play milestone. Return to 
play refers to the successful transition from individualized 
and restricted team training to unrestricted participation in 
team and competition training. The VBG defined this mi-
lestone as the end of  short-term disability for work. The 
aim was to reflect the heterogeneous infrastructures and 
capacities that are given in real-world sports rehabilitation 
settings, thereby facilitating the implementation and increa-
sing adherence. Finally, based on the results of  the consen-
sus conference and with additional input of  the authors, a 
test manual, describing setup, execution and interpretation 
of  each single test, was generated. 

Results: Minimal requirements for six test categories were 
defined as follows:  

5. Clinical examination consisting of  aspects of  pain and 
swelling, range of  motion, skin temperature, clinical 
tests, muscular activation and persisting instability 

6. Patient related outcomes consisting of  the Cumber-
land Ankle Instability Tool, the Injury-Psychological 
Readiness to Return to Sport Scale and the Foot and 
Ankle Disability Index Sport Items 

7. Postural control consisting of  the modified Star-Ex-
cursion-Balance-Test 

8. Strength consisting of  the heel-rise-test and single-leg-
squat 

9. Hop tests consisting of  the single leg drop jump, figu-
re-of-8-hop and side hop 

10. Change of  direction speed consisting of  the modified 
T-test 

Conclusions: The return-to-play milestone is of  utmost 
importance as players then progress to unrestricted team 
training. Therefore, a comprehensive test battery could 
support physicians to determine the right moment of  re-
turn-to-play. To evaluate the validity and practicability, in 
the next project phase the test battery will be implemented 
multicentrically into real world sports rehabilitation set-
tings. 

O#28 - Assessment Of  Patient-Reported Outco-
mes At Return To Sport Following Lateral Ankle 
Sprain Injuries: A Report From The Athletic Trai-
ning Practice-Based Research Network 

Presenting Author: Kenneth Lam 

Authors & Affiliations: Kenneth C. Lam(1), Ashley Mar-
shall(1) 

(1) Still University, Mesa, AZ, USA 

Background: Historically, lateral ankle sprains (LAS) 
have been characterized as minor injuries, with most athle-
tes returning to sport within seven days after injury. Cur-
rent best practices advocate for the development of  a crite-
ria-based return to sport decision paradigm for LAS inju-
ries, including the use of  patient-reported outcomes to 
assess the patient’s perspective. Single-item patient-repor-
ted outcome measures offer a quick and effective way of  
evaluating the patient’s perspective on all levels of  disable-
ment. However, there is limited evidence regarding the 
assessment of  single-item patient-reported outcomes when 
patients are medically cleared to return to sport (RTS) 
following a LAS injury. 

Objective(s): The purpose of  this study was to evaluate 
self-report of  pain (Numeric Pain Rating Scale [NPRS]), 
function (Global Rating of  Function [GROF]), improve-
ment (Global Rating of  Change [GROC]), and disable-
ment (Global Rating of  Disability [GROD]) at RTS follo-
wing an LAS injury. 
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Design & Methods: This was a retrospective review of  
electronic patient records. Records were created by 119 
athletic trainers working in 69 facilities (58 secondary 
schools, 10 universities, 1 clinic) between 2009-2018. Pa-
tients who were diagnosed with a LAS, restricted from 
sport following injury, and subsequently medically cleared 
to RTS were included. Descriptive statistics (percentages, 
frequencies, mean±standard deviation, interquartile range 
[IQR]) were used to summarize variables as appropriate. 
Variables included patient demographics, sport, number of  
days to RTS, number of  episodes of  care (EOC), and self-
reported outcomes at RTS including pain (NRPS=0-10 
points), function (GROF=0-100%), improvement 
(GROC=15-point Likert-scale) and disability (GROD=7-
point Likert-scale). 

Results: Two hundred thirty-four patients (male=56.4%, 
age=16 .4±2 .0 year s , he igh t=172 .4±12 .5 cm, 
mass=71.4±17.5 kg) were included in the study. Most LAS 
occurred during basketball (n=65/234, 27.8%), football 
(n=63/234, 26.9%), or soccer (n=41/234, 17.5%). On 
average, patients RTS in 8.1±10.2 days (IQR=1-12) and 
had 2.9±3.3 EOC (IQR=1.0-3.0). At RTS, a majority of  
patients (n=180/234, 76.9%) reported some level of  pain 
(NPRS=2.0±1.8, IQR=1.0-3.0) . Most pat ients 
(n=206/234, 88.0%) also reported functional deficits 
(GROF=86.7±12.9%, IQR=80.0-95.0). Although a majo-
rity of  patients (n=199/234, 85.0%) reported some level of  
improvement since injury (GROC>+1), almost half  of  
patients (n=100/234, 42.7%) reported some level of  disa-
blement (GROD>0) at RTS. 

Conclusions: Despite self-perceived improvements, pa-
tients typically RTS with some level of  deficits in pain, 
function, and disablement following a LAS injury. Clini-
cians should consider the use of  patient-reported outcomes 
aid in RTS decisions. Future research should determine if  
deficits predispose patient to recurrent injuries, chronic 
conditions, and/or decreased quality of  life. 

O#29 - Criteria Based Return To Sport Decision-
Making Following Lateral Ankle Sprain Injury: A 
Systematic Review And Narrative Synthesis 

Presenting Author: Bruno Tassignon 

Authors & Affiliations: Bruno Tassignon(1), Jo Verschue-
ren(1), Eamonn Delahunt(2,3), Michelle Smith(4), Bill Vicen-
zino(4), Evert Verhagen(5), Romain Meeusen(1) 

(1) Faculty of  Physical Education and Physiotherapy, Human Physiology 
Research Group, Vrije Universiteit Brussel, Brussels, Belgium 

(2) School of  Public Health, Physiotherapy and Sports Science, University 
College Dublin, Dublin, Ireland 

(3) Institute for Sport and Health, University College Dublin, Dublin, 
Ireland 

(4) Division of  Physiotherapy, School of  Health and Rehabilitation Scien-
ces, The University of  Queensland, St Lucia, Queensland, Australia 

(5) Amsterdam Collaboration on Health and Safety in Sports, Depart-
ment of  Public and Occupational Health, Amsterdam UMC, Amster-
dam, The Netherlands 

Background: Lateral ankle sprain (LAS) injury is one of  
the most frequently incurred musculoskeletal injuries and 
shows high recurrence rates in individuals participating in 
sports. This high recurrence rate is hypothesised to be 
mainly caused by an increased re-injury risk due to pre-
vious LAS injury, the persistence of  sensorimotor impair-
ments and premature return to sport (RTS) clearance. 
Therefore, it is indicated to develop and implement evi-
dence-based criteria to guide RTS decisions for individuals 
with LAS injury. 

Objective(s): The aim of  this systematic review was to 
identify prospective studies that used a criteria-based RTS 
decision-making process for patients with LAS injury. 

Design & Methods: The PubMed (MEDLINE), Web of  
Science, PEDro, Cochrane Library, SPORTDiscus (EB-
SCO), ScienceDirect, and Scopus databases were searched 
till 23 November 2018. Studies were included if  they pro-
spectively applied a criteria-based RTS decision-making 
process for patients with LAS injury. Studies were excluded 
if  they merely gathered outcome measures at the RTS 
time-point. Studies were also excluded if  patients were 
recovering from ankle fracture, high ankle sprain, medial 
ankle sprain, chronic ankle instability or complex ankle 
injury. 

Results: No studies were identified that used a criteria-
based RTS decision-making process for patients with LAS 
injury. We were unable to conduct a quantitative synthesis 
or meta-analysis, so we provided a narrative synthesis of  47 
relevant questionnaires, as well as 45 clinical and functional 
assessments commonly used in studies retrieved in the 
search. 

Conclusions: There are currently no evidence-based 
RTS criteria for patients with an LAS. Future research 
should aim to reach consensus on RTS variables and apply 
these within prospective studies. Furthermore, we suggest 
that complex systems theory and the RTS continuum could 
be used to develop an RTS decision-making paradigm 
following LAS. 

O#30 - Return To Sports Activity After Surgical 
Treatment Of  Osteochondral Defects Of  The Ta-
lus: A Systematic Review 

Presenting Author: Jari Dahmen 

Authors & Affiliations: Jari Dahmen(1,2,3), J Steman(1,2,3), 
Kay Lambers(1,2,3), Gino Kerkhoffs(1,2,3) 

(1) Amsterdam UMC, University of  Amsterdam, Department of  Ortho-
paedic Surgery, Amsterdam Movement Sciences, Amsterdam, the 
Netherlands 

(2) Academic Center for Evidence based Sports medicine (ACES) 
(3) Amsterdam Collaboration for Health and Safety in Sports (ACHSS), 

International Olympic Committee (IOC) Research Center Amsterdam 
UMC, the Netherlands 

Background: Osteochondral defects (OCD) of  the talus 
are found subsequent to ankle sprains and fractures. Despi-
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te many surgical treatment strategies being available, there 
is no clear evidence on return to sports (RTS) times and 
rates. 

Objective(s): The objective of  this systematic review is to 
summarize return to sports (RTS) times and rates for talar 
OCDs treated by different surgical modalities. 

Design & Methods: A literature search was performed 
to identify studies published from January 1996 to Novem-
ber 2018 using PubMed (MEDLINE), EMBASE, CDSR, 
DARE, and CENTRAL. Two authors independently 
screened the search results. First, studies were divided into 
different treatment groups. Next, RTS rates with and wit-
hout associated levels of  pre-injury activity, as well as mean 
time to RTS were calculated per study. Where possible, a 
simplified pooling method was performed to combine stu-
dies within one treatment group with same methodological 
nature. 

Results: 62 studies with 2355 talar OCDs were included 
of  which 24 were prospective (4 randomized controlled 
trials) and 38 retrospective. Mean RTS times ranged from 
13 to 26 weeks, though no simplified pooling method was 
possible. Regardless of  levels of  sport, the mean pooled 
RTS rate was 88% [CI 84-91%] for bone marrow stimula-
tion (BMS), 97% [CI 85-99%] for fixation, 90% [CI 
86-94%] for autograft transplantation, and 87% [CI 
73-94%] for autologous chondrocyte implantation (ACI). 
Pooled RTS at pre-injury level was 78% [CI 70-85%] after 
BMS, 72% [CI 60-83%] after autograft transplantation 
and 69% [CI 54-81%] after ACI. 

Conclusions: The surgical treatment options yielded 
adequate RTS times and rates. Rates decreased when con-
sidering return to pre-injury level. These outcomes can be 
utilized when informing patients about the recovery pro-
cess and prognosis of  the treatment. Future research should 
aim towards assessing superiority concerning sports out-
comes for talar OCD surgery. 

O#31 - 30 Years Of  Ankle Sprain Rcts: Exploring 
The Risk Of  False Positive Conclusions 

Presenting Author: Bleakley Chris 

Authors & Affiliations: Chris Bleakley(1,2), J Reijgers(1), 
James Smoliga(1) 

(1) Department of  Physical Therapy, Congdon School of  Health Science, 
High Point University, North Carolina, USA 

(2) School of  Health Science, Ulster University, County Antrim, Northern 
Ireland 

Background: Randomized controlled trials (RCT) com-
monly use null hypothesis significance testing (NHST) to 
determine if  a treatment is effective or not. Recently, it has 
been suggested that up to 90% of  scientific claims are ac-
tually false. There is a particular concern that many false 
positive claims are caused by the misuse of  NHST and 
misinterpretation of  p-values. Although the volume of  
randomized controlled trials (RCT) in lateral ankle sprain 

(LAS) and chronic ankle instability (CAI) research conti-
nues to increase, the risk of  false discovery in this field is 
unclear. 

Objective(s): To examine the validity of  positive claims 
of  treatment effectiveness made in RCTs involving partici-
pants with LAS or CAI. Validity was determined by exa-
mining: a priori trial registration, false positive risk, effect 
size magnitude and its context with measurement error 
data and minimal clinically important difference (MCID). 

Design & Methods: Electronic searching (MEDLINE; 
PEDro) was supplemented with citation tracking of  a re-
cent meta-evaluation. Eligibility criteria were: RCTs of  
conservative treatments for LAS or CAI participants repor-
ting clinical outcomes. We excluded studies with >2 treat-
ment arms, equivalence/non-inferiority and pilot studies. 
No restrictions were placed on injury severity, participant 
demographics or follow up duration. Eligible studies were 
screened to determine: a priori registration; proportion of  
between group comparisons resulting in statistical signifi-
cance (p<0.05), false positive risk (FPR) (assuming a prior 
probability of  50:50), and the ratio between reported mean 
differences (MD) and corresponding data on minimal de-
tectable change (MDC) and MCID. 

Results: 1027 titles were screened with n=74 RCTs inclu-
ded. 23% of  RCTs were classed as null, with the remaining 
77% reporting statistically significant findings from at least 
one outcome measure. Only 19% of  studies were prospec-
tively registered. Unregistered studies were more likely to 
report statistical significance (OR 1.7 CIs 1.2-2.4; p=.004). 
The median FPR calculated for primary outcomes was 
14% (range 0.6-100%) and only 27% of  studies (10/39) 
had FPR <5%. Only 9% of  trials made reference to MDC 
or MCID when making conclusions. We estimated that 
MD scores exceeded MDC or MCID in 52% and 29% of  
trials respectively. 

Conclusions: There is a high risk of  false discovery in 
this field of  research. 77% of  trials reported statistically 
significant findings but few were prospectively registered. 
The majority of  statistically significant findings were asso-
ciated with FPR >10%. The magnitude of  observed effects 
were rarely compared to MCID or MDC data. 
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Free paper session #6 

Chronic Ankle Instability and 

biomechanics 

Chair: Evert Verhagen 

O#32 - Prediction Of  Opioid Use Among Emerg-
ency Departments Across The United States For 
An Ankle Sprain Visit: An Analysis Of  The Natio-
nal Hospital Ambulatory Medical Care Survey 

Presenting Author: Kyle Kosik 

Authors & Affiliations: Kyle Kosik(1), Mathew Hoch(1), 
Alejandro Villasante Tezanos(1), Phillip Gribble(1) 

(1) University of  Kentucky, Lexington, Kentucky, USA 

Background: Ankle injury is the second most common 
musculoskeletal injury treated among Emergency Depart-
ments in the United States. Practice guidelines recommend 
an ankle sprain should be managed with RICE and home-
based exercises. However, 1 out of  5 adults discharged with 
an ankle sprain filled a 3-day supply of  opioids in 2015. 
This is concerning given that ankle sprains often occur 
among the adolescent population; an age group that has 
been increasingly exposed to opioids and at risk of  future 
misuse. Recognizing factors that predict an ankle sprain 
patient to receive an opioid can help direct resources aimed 
at reducing their use. 

Objective(s): To identify predictors of  receiving an opi-
oid from an Emergency Department in the United States 
for an ankle sprain. 

Design & Methods: This was a secondary analysis of  
retrospective data collected using the National Hospital 
Ambulatory Medical Care Survey from 2010-2015. Visits 
with an isolated diagnosis of  an ankle sprain were selected. 
Next, ankle sprain visits with an opioid listed within the 
first 5 medications were identified. Outcome variables in-
cluded visit demographics (age, sex & race), pain (0-10), 
region (Northeast, South, Midwest & West), visit details 
(wait time & length of  visit) and healthcare provider seen 
(physician, resident, nurse practioner & physician assistant). 
A binary logistic regression (p<0.100) using backwards 
elimination with initial consideration for variables with 
group differences (p<0.150). 

Results: An estimated 5,264,675 ankle sprain visits occur-
red between 2010-2015 in Emergency Departments across 
the United States. Among those visits identified, approxi-
mately 40.82% were given an opioid. The explanatory 
variables included into the logistic model were age 
(p<0.001), sex (p=0.121), pain (p=0.030) and region 
(p<0.001). Results from the logistic regression revealed a 
significant odds ratio for age (OR: 0.965 [95% CI: 0.949 to 
0.981], p < 0.001) and the Northeast (OR: 2.831 [95% CI: 
1.402 to 5.719], p = 0.0080). 

Conclusions: The odds of  receiving an opioid increased 
when ankle sprain patients were younger, or the visit occur-
red in the Northeast region of  the United States. These 
results provide targeted areas to reduce opioid exposure 
efforts by introducing other effective therapeutic interven-
tions for mitigating acute pain following ankle sprain. 

O#33 - Disinhibition Of  Spinal Reflexes During 
Landing Tasks Are Characteristic Of  CAI, Acute 
Las-Copers, And Higher Peak Forces At Ground 
Contact. 

Presenting Author: Cassandra Thompson 

Authors & Affiliations: Cassandra Thompson(1), Peter 
Clothier(1), Siobhan Schabrun(2) 

(1) School of  Science and Health, Western Sydney University, Locked Bag 
1797, Penrith Australia 

(2) Neuroscience Research Australia, 186 Barker St, Randwick, NSW, 
Australia 

Background: Instability during landing is purported to 
result from the inappropriate integration of  sensory feed-
back. However, research has yet to directly how the central 
nervous system regulates spinal reflex excitability during a 
dynamic landing task in those with CAI. Further, it is 
unclear if  differences in spinal reflex excitability under 
static postures translate to altered spinal reflex excitability 
during dynamic tasks. Thus, a relationship between altered 
spinal reflex excitability, instability and force control during 
landing has yet to be well-established. 

Objective(s): The aim of  the current study was to de-
termine if  CAI participants present with whole-limb diffe-
rences in spinal excitability during a horizontal jump-lan-
ding task using thoracolumbral stimulation. A secondary 
aim was to determine a relationship between differences in 
spinal reflex excitability and stability. 

Design & Methods: Ten individuals with CAI, ten acute 
LAS-copers and ten healthy age, limb and gender-matched 
controls participated in this cross-sectional laboratory study. 
All participants met IAC inclusion criteria. Multi-segmen-
tal muscle responses (MMRs) were examined in soleus, 
tibialis anterior, peroneus longus, vastus medialis, vastus 
lateralis, rectus femoris and gluteus medius. MMRs were 
elicited at two time points following ground contact of  a 
horizontal-jump landing task: the short-latency spinal reflex 
response (~45 ms post ground contact) and long-latency 
transcortical reflex response (~120 ms post ground 
contact). 

Results: CAI individuals demonstrated greater spinal 
excitability of  the ankle, knee and hip stabilisers during 
landing at both short- and long-latency responses. Copers 
similarly demonstrated higher spinal excitability of  muscles 
surrounding the ankle and knee however, these changes 
were not significant. Differences in regulation of  spinal 
excitability (MMRs) during landing explained up to 31% 
of  the variance in reactive force control. Specifically, higher 
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spinal excitability was associated with greater peak landing 
forces in mediolateral and vertical directions. 

Conclusions: Up-regulating spinal reflex excitability may 
be an adaptive response to increase peripheral information 
regarding changes in ankle position. However, our data 
suggest that facilitated spinal excitability during landing 
contributes to higher peak forces and rate of  force devel-
opment experienced during the early stabilisation period. 
Unfortunately, higher peak forces at this time may also 
predispose individuals to further injury. 

O#34 - Differences In Knee Biomechanics During 
Landing In Chronic Ankle Instability, Copers And 
Healthy Controls: Implications For ACL Injury 
Risk 

Presenting Author: Chelsea Starbuck 

Authors & Affiliations: Chelsea Starbuck(1,2), Chris 
Nester(1), Richard Jones(1,2) 

(1) University of  Salford, UK 
(2) Manchester Institute of  Health and Performance, UK 

Background: Lateral ankle sprains (LAS) are common in 
sport and associated with movements that require rapid 
decelerations such as landing. Up to 70% of  individuals 
later develop chronic ankle instability (CAI). Those that do 
not develop CAI and appear to successfully cope following 
a LAS are classified as copers. There is some evidence to 
suggest chronically unstable ankles are associated with 
greater ACL loading (Terada et al., 2014). These individu-
als often present with reduced knee flexion and greater 
knee valgus and ankle eversion. However, it is unclear whe-
ther copers present with similar ACL injury risks as CAI 
individuals. 

Objective(s): Despite a plausible link suggesting indivi-
duals with a history of  LAS are likely to incur an ACL 
injury there is limited evidence exploring this relationship. 
Therefore, this study aims to compare knee and ankle bio-
mechanical variables associated with ACL injury risk bet-
ween CAI, copers and healthy controls.  

Design & Methods: Twenty-one physically active indivi-
duals participated in this study and were matched-grouped 
based on previous recommendations into CAI (age 
23.5±3.2y, height 1.72±0.9m, mass 71.7±10.4kg), copers 
(age 24.4±4.4y, height 1.73 ± 1.0m, mass 71.7±10.4kg) 
and controls (age 24.4±4.4y, height 1.74±0.8m, mass 
74.8±12.2kg). Knee and ankle kinematic data were collec-
ted during three single-leg landing (30cm height) trials. 
Values at initial contact and peak values were calculated. 
One-way ANOVA were conducted to compare differences 
between groups. Partial Omega squared effect sizes (ES) 
were also calculated, with values of  0.01, 0.06 and 0.09 
indicating small, medium and large effect sizes. 

Results: No significant differences were observed between 
groups. However, moderate to large ES (0.06-0.10) were 

observed. CAI (51.1±6.0º) and copers (47.6±15.5º) demon-
strated reduced peak knee flexion compared to the control 
(57.6±4.4º) group. In addition, CAI had a more knee val-
gus position (-5.0±4.6º) when landing compared to both 
controls (-2.2±4.5º) and copers (-2.6±4.1º). Individuals with 
CAI landed with an inverted position (0.8±6.8º) compared 
to the controls (-0.72±6.5º). Whilst, copers were everted at 
initial contact (-2.3±5.6º) and demonstrated a greater peak 
eversion (-13.3±6.1º) compared to the control group 
(-8.9±6.5º). 

Conclusions: Moderate to large ES presented provide 
preliminary evidence to suggest that a history of  LAS could 
potentially increase ACL injury risk. CAI and copers de-
monstrated different mechanisms associated with increased 
ACL injury risk. Epidemiological studies are needed to 
explore this relationship between ankle sprain history and 
ACL injury risk. 

O#35 - White Matter Micostructue And Self-Re-
ported Disability And Function In Individuals 
With And Without Chronic Ankle Instability 

Presenting Author: Phillip Gribble 

Authors & Affiliations: Phillip Gribble(1), Kyle Kosik(1), 
Nathan Johnson(1), Masafumi Terada(2) 

(1) University of  Kentucky, Lexington, Kentucky, USA 
(2) Ritsumeikan University, Shiga, Japan 

Background: Growing evidence suggests that central 
nervous system (CNS) adaptations are present in individu-
als with chronic ankle instability (CAI). Quantification of  
white matter (WM) microstructure via diffusion tensor 
imaging (DTI) MRI may help to capture the presence or 
result of  such adaptations. DTI provides a novel approach 
to quantify the quality of  critical microstructure in the 
brain, which could contribute to a better understanding of  
the potential source of  neuromuscular alterations reported 
in CAI populations. Further, both WM-perceptual (self-
reported function and disability) relationships may help to 
explain functional deficits in individuals with CAI. 

Objective(s): Identify differences in WM microstructure 
in motor tracts in individuals with and without CAI. Frac-
tional anisotropy (FA), which measures directional diffusion 
of  water, was used to quantify WM microstructure. Fur-
ther, for CAI participants we examined associations bet-
ween WM microstructure and self-reported ankle function 
and disability using patient reported outcomes (PROs). 

Design & Methods: Seventeen volunteers with (n=9; 
age: 31.11±7.15 years) and without (n=7; age: 23.57±1.27 
years) CAI underwent MRI scans and completed ankle-
region specific PROs. From the MRI scans, DTI produced 
FA values ranging from 0-1, with values closer to 1 indica-
ting greater WM microstructure. PROs included: Identifi-
cation of  Functional Ankle Instability (IdFAI), Ankle Insta-
bility Instrument (AII), Foot and Ankle Ability Measure, 
and Cumberland Ankle Instability Tool (CAIT). FA values 
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and PROs were compared between groups using Indepen-
dent T-tests and Cohen’s d effect sizes. Associations bet-
ween FA and PROs in participants with CAI were analysed 
with Pearson Product Moment correlations. 

Results: CAI participants had higher IdFAI (p<0.001), 
AII (p<0.001), and lower FAAM (p=0.017), FAAM-Sport 
(p=0.002) and CAIT (p<0.001) scores compared to Con-
trols. Superior cellebelar peduncle FA values were higher in 
the CAI group (0.548±0.061) compared to the Controls 
(0.484±0.065) (p=0.066; d=1.06). No difference in cortico-
s p i n a l t r a c t FA v a l u e s ( C A I = 0 . 6 2 6 ± 0 . 0 2 0 ; 
Controls=0.620±0.025) (p=0.630; d=0.13) was observed. 
Among the CAI participants, FA of  the superior peduncle 
had moderate to strong correlations with IdFAI (r=0.634; 
p = 0 . 0 6 7 ) , A I I ( r = 0 . 9 1 1 ; p = 0 . 0 2 2 ) , FA A M 
(r=-0.617;p=0.077), FAAM-Sport (r=-0.40;p=0.290), and 
CAIT (r=-0.504;p=0.167). While not statistically signifi-
cant, weak to moderate non-signficant correlations for 
corticospinal FA and the PROs were observed (r=-0.383 to 
0.435). 

Conclusions: CAI participants demonstrated higher WM 
microstructure in an efferent/corrective pathway of  the 
cerebellum, the superior cerebellar peduncles. Higher WM 
microstructure was associated with more self-reported an-
kle disability and lower self-reported ankle function. Fin-
dings suggest the potential presence of  WM adaptations 
indicative of  increased cerebellar output and decreased 
motor efficiency. 

O#36 - Brain Alterations In Patients With Chronic 
Ankle Instability A Functional Mri Study 

Presenting Author: Yinghui Hua 

Authors & Affiliations: Shengkun Li(1), Yinghui Hua(1) 

(1) Department of  Sports Medicine, Huashan Hospital, Fudan University. 
Shanghai,China 

Background: In recent years, there are a lot of  evidences 
demonstrating the potential neuronal changes or mecha-
nisms associated with recurrent anterior shoulder instability 
and knee instability using fMRI. However, the potential 
neuronal changes related to CAI by using fMRI have rarely 
been reported. Despite the obviously clinical manifestations 
of  CAI, the potential neuronal mechanisms related to the 
subjective perception of  CAI have not been explored. 

Objective(s): To investigate whether there are brain alte-
rations in subjects with chronic ankle Instability (CAI) and 
which brain regions are effected.. 

Design & Methods: This study includes 17 consecutive 
right leg-dominant patients with CAI and thirteen control 
subjects without CAI. Brain alteration was observed by the 
functional magnetic resonance imaging (fMRI) method. 
(3.0-T scanner). An event design of  2 event-related condi-
tions was used for this fMRI task. The SPRAIN condition 
(SC) means that we play self-edited videos of  sports sprain 

for the subjects under this condition, while in CONTROL 
condition (CC), matching sports videos without sprain are 
presented. 

Results: The fMRI results showed that patients with CAI 
had brain alterations in several cortical areas. Data analysis 
showed a significant increase of  dACC, insula, PreCG, 
IFG, STG and SMG in the CC – SC contrast of  instability 
group (IG) and in the control group (CG) - IG contrast of  
SC. 

Conclusions: Patients with CAI have alterations of  the 
brain in several cortical areas, which suggest that CAI 
might be regarded as a multifactorial dysfunction rather 
than a simple musculoskeletal disease. 

O#37 - Emg Activity Of  The Foot Evertor And In-
vertor Muscles At Different Stance Phases When 
Performing Medial And Lateral Incline Walk 

Presenting Author: Rok Bavdek 

Authors & Affiliations: Rok Bavdek(1) 

(1) Faculty of  Sport, University of  Ljubljana; Secondary School of  Tech-
nical Professions, Ljubljana; Slovenia 

Background: Ankle joint function is controlled by the 
tibial muscles. EMG activity of  the tibial muscles can be 
increased through different walking techniques and thus 
could be an appropriate way of  exercise for people with 
different ankle injuries, the most common of  which is ankle 
sprain. As ankle sprain can occur in lateral and medial 
directions, it is important that neuro-muscular activation of  
the foot evertor and invertor muscles is optimal. One way 
of  effective strengthening of  the foot evertor and invertor 
muscles could be walking on medial and lateral incline 
ramp with different variations of  the foot position. 

Objective(s): The purpose of  the study was to analyse 
the differences in EMG activity of  evertor and invertor 
muscles during medial and lateral incline ramp walk at five 
different stance phases. 

Design & Methods: The study included 30 subjects 
walking on a flat surface, walking at an inclination of  15˚ to 
foot eversion with an ankle inversion (INV) and walking at 
an inclination of  30˚ to foot inversion with an ankle eversi-
on (EVE). We monitored the changes in the EMG values at 
m. TA, m. PL, m. SOL, m. GM and m. GL. The EMG 
signals was analysed at five different subphases of  the stan-
ce phase (initial contact: 2 %, loading response: 20%, 
midstance: 50 %, terminal stance: 80%, and at 98% of  
stance phase). The EMG signals during walking were nor-
malised to corresponding isometric MVC. 

Results: The TA was the most active tibial muscle in INV 
at initial contact (39.8 ± 5.7 % MVC, p < 0.01), at termi-
nal stance (45.5 ± 6.6 % MVC, p < 0.001) and at 98% of  
the stance phase (42.4 ± 5.5 % MVC, p < 0.001). The 
most active tibial muscle when walking in EVE was the PL 
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at loading response (51.4 ± 6.2 % MVC; p < 0.001) and at 
midstance (54.4 ± 5.0 % MVC, p < 0.001). 

Conclusions: The findings of  this study showed that the 
TA, was the most active in INV. The muscle activity of  the 
TA was high (quasi-isometric) during the entire stance pha-
se. When performing EVE, we observed high muscle acti-
vity of  the PL at loading response and at midstance, but 
not in the second half  of  the stance phase. To conclude, 
walking at a different inclination could be an appropriate 
exercise for the evertor and invertor muscles. 

O#38 - Electromyographic Activity of  the Anterior 
Tibial Fibular Longus and Gastrocnemius Latera-
lis Muscles During Unipedal Landing of  Healthy 
Athletes: Preliminary Results. 

Presenting Author: Carolina Lins 

Authors & Affiliations: Carolina Lins(1), Paloma Gon-
çalves Mendes(2), Adriano Alves Pereira(3), Pedro Henrique 
Alves Abreu(2), Matheus Rodrigues Campos(2), Lilian Rami-
ro Felício(2) 

(1) School of  Medical Sciences of  State University of  Campinas - UNI-
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(2) School of  Physical Education and Physical Therapy of  Federal Univer-
sity of  Uberlândia – UFU, Uberlândia/MG, Brazil. 

(3) School of  Biomedical Engineereing of  Federal University of  Uberlân-
dia – UFU, Uberlândia/MG, Brazil. 

Introduction: The landing phase may cause a great 
number of  ankle injuries, mainly lateral ankle sprain. The 
incidence of  lower limb disorders is higher in sports which 
involve jump movements, such as volleyball and basketball. 
EMG parameters may help us to understand muscle inter-
action and the activation range during the landing phase 
of  healthy athletes. It could clarify the muscle activation 
sequence in order to prevent ankle injuries and, therefore, 
enhance neuromuscular control in the sport population.  

Objective: to evaluate the sequence of  EMG activity of  
ankle muscles during the unipedal landing phase of  the 
single leg vertical jump test (SLVJ) in healthy athletes. 

Methodology: 17 professional athletes from national 
volleyball and basketball teams were evaluated. Inclusion 
criteria were healthy athletes, aged 15 to 20, without lower 
limb injuries throughout their sports life. During the lan-
ding phase of  the SLVJ test, the electrical activity of  the 
muscles was recorded by using a surface EMG for measu-
ring and comparing the range of  EMG sign (integrated 
EMG activation) of  the anterior tibial (AT), fibular longus 
(FL) and gastrocnemius lateralis (GL) muscles. The Shapi-
ro-Wilk Test was used for testing normal distribution and 
the Wilcoxon Test was used for statistical analysis (p≤0.05). 

Results: The activation level of  AT was higher [1.14 
(1.07; 1.58); p=0.002] when compared to FL [0.99 (0.75; 
0.65); p= 0.0004] and GL [0.78 (0.65; 0.95); p=0.004] 
while the activation level of  FL was higher when compared 
to GL (p=0.004). 

Conclusion: The EMG activation level of  AT was higher 
when compared to FL and GL of  healthy volleyball and 
basketball athletes in the landing phase of  the SLVJ test. 
This is the first phase of  a study that may evaluate and 
compare healthy athletes with athletes diagnosed with 
chronic ankle instability. 
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O#39 - The Lower-Limb Dominance Conundrum: 
It’s Time For The Old Test 

Presenting Author: Andrew Mitchell 

Authors & Affiliations: Andrew Mitchell(1) 

(1) School for Sport Science and Physical Activity, Institute for Sport & 
Physical Activity Research, University of  Bedfordshir, UK 

Background: Lower-limb dominance is commonly used 
within the literature to differentiate between limbs in stu-
dies examining injury prevention and prehabilitation pro-
tocols, rehabilitation from injury or surgical intervention 
and in assessment of  functional performance. The influen-
ce of  lower-limb dominance on performance measures 
such as hamstring:quadriceps strength ratios, single-leg 
vertical jump, vertical ground reaction forces and hop for 
distance varies across the literature. The definitions of  
lower-limb dominance vary and the assessment methods 
used to identify dominance are unrelated to the functional 
tasks, populations or specific injury being examined. As 
definitions are inconsistent, the influence of  lower-limb 
dominance may be over or underestimated. 

Objective(s): To develop a standardised lower-limb do-
minance assessment test and to evaluate the reliability of  
the test. 

Design & Methods: To date, 38 physically active univer-
sity students (19 males, 19 females) have participated in the 
study. Participants completed the Objective Lower-Limb 
Dominance (OLD) test in a sports hall on two occasions, 
one week apart. The OLD test comprises of  a series of  15 
lower-limb functional tasks undertaken by each participant. 
The primary investigator recorded the participants’ lower-
limb lateral preference for each task. Test-retest reliability 
was evaluated using intra-class correlation coefficients (2,1) 
for each component and the total score between test days 1 
and 2. 

Results: In order to secure an appropriate sample size, we 
intend to evaluate 75 participants, which will meet the 
minimum standard of  subject-to-variable ratio of  5. There-
fore, the results at this point are an insight into 38 partici-
pants, however, initial evaluation suggests high intra-class 
correlation coefficients (2,1), with high reliability of  the 
individual tasks and the OLD test as a whole.  
 
NB: We will have the remaining participants tested and the 
final data set complete by the end of  July. And would be 
happy to submit an updated abstract at that point if  requi-
red by the Symposium Panel. 

Conclusions: The OLD test looks to address the need for 
a standardised lower-limb dominance assessment test, 

which will enable the results from studies to be more easily 
compared by clinicians and researchers, as currently the 
varying methods of  assessing lower-limb dominance within 
the literature are inconsistent. 

O#40 - Mechanical Characterisation Of  The Late-
ral Collateral Ligament Complex Of  The Ankle 
Under Realistic Sprain-Like Strain Rates 

Presenting Author: David Rochelle 
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(4) NIHR Leeds Biomedical Research Centre, Leeds, UK  
(5) Arthritis Research UK Centre for Sports, Exercise and Osteoarthritis, 
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Background: Previously, only the anterior talofibular 
ligament of  the lateral collateral ligament complex has 
been mechanically characterised at a strain-rate representa-
tive of  sprain. Therefore, the requirements of  synthetic 
interventions used to treat severe ankle sprains are not well 
understood. Synthetic devices are most commonly used as 
a repair when an initial Broström-Gould procedure has 
failed or the patient has a high body mass index (BMI), 
generalised ligament laxity or is an elite athlete. 

Objective(s): This exploratory study aims to improve 
understanding of  the mechanical properties and failure 
modes of  the lateral collateral ligament complex at strain 
rates representative of  sprain and, in turn, further inform 
the development of  synthetic interventions to lateral ankle 
sprain. 

Design & Methods: The lateral collateral ligaments 
were dissected from six human cadavers producing bone-
ligament-bone specimens for each ligament of  the intact 
complex. A mechanical testing device was used to uni-axi-
ally load the ligaments in tension. Initially 15 cycles of  
preconditioning were performed between two Newtons 
and a load value corresponding to 3.5 % strain, before 
extension to failure at a strain rate of  100% per second. 
The results were stratified by age, weight and BMI to ex-
plore potential correlations with ligament ultimate failure 
load or ligament stiffness. 

Results: The mean ultimate failure loads and the 95% 
confidence intervals for the anterior talofibular, calcaneofi-
bular and posterior talofibular ligaments were 351.4 ± 
110.8 N, 367.8 ± 79.8 N and 263.6 ± 164.3 N, respectively. 
A strong positive Pearson correlation was found between 
BMI and ultimate failure load of  the calcaneofibular and 
posterior talofibular ligaments (r = .919; P = .01, r = .65; p 
= .16, respectively). The anterior talofibular ligament 
avulsed from the fibula four times, the calcaneofibular li-
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gament avulsed from the fibula twice, the posterior talofi-
bular ligament avulsed from the talus twice and all remai-
ning failures were mid-substance. 

Conclusions: The ultimate failure load, stiffness and 
failure mode results can improve specifications for synthetic 
ankle ligament development to improve ankle joint functi-
onality. A correlation between BMI and the ultimate failure 
load of  the calcaneofibular ligament and posterior talofibu-
lar ligament may exist, although a greater sample size is 
required for confirmation. 

O#41 - Using Functional Electrical Stimulation To 
Alter Lateral Ankle Sprain Risk 

Presenting Author: Zoe Bamber 

Authors & Affiliations: Zoe Bamber(1), Patrick 
Wheeler(1), Daniel Fong(1) 

(1) School of  Sport, Exercise and Health Sciences, Loughborough Univer-
sity, Loughborough, UK 

Background: Ankle sprain is the most common type of  
ankle injury accounting  for 5,600 A and E visits a day 
(Fong et al., 2007;Doherty et al., 2014;Cooke et al., 2009). 
Research has shown a lateral shift of  plantar pressure with 
the foot in a more inverted position increases risk of  ankle 
inversion sprains (Willems et al 2005, Hiller et al 2012, 
Doherty et al 2014, Nyska et al 2003, Becker et al 1997, 
Natawa 2005, Morrison et al 2010, Kobayashi 2014, Dela-
hunt et al 2014, Monaghan et al 2006, Schmidt et al 2011). 
No research to date appears to investigate whether retrai-
ning using electrical stimulation to change centre of  pressu-
re could effectively reduce an individual’s risk of  lateral 
ankle sprain via changing their centre of  pressure during 
running.  

Objective(s): The  objective of  this research is to identify 
whether the initial effect of  training using functional elec-
trical stimulation to stimulate the peroneal muscles  can 
alter the Centre of  pressure during running gait to a more 
medial position and therefore potentially mitigating the risk 
of  sport related ankle inversion ligamentous sprain. 

Design & Methods:This is a single blinded randomised 
control trial that compared the initial effect of  functional 
electrical stimulation on centre of  pressure in individuals 
with a lateral deviation using Novel inshoe pressure system.  
Individuals were exposed to an individualised level of  sti-
mulation to the peroneal muscles whilst carrying out a 15-
minute run on a treadmill. Pre and post centre of  pressure 
distribution of  whole foot was compared. A Wilcoxon rank 
test was carried out using SPSS to analyse if  there is a dif-
ference seen pre and post intervention in both the control 
and intervention groups. 

Results: A Wilcoxon rank test indicated that the control 
group centre of  pressure pre intervention was not statisti-
cally different than centre of  pressure post intervention z=-
0.135 P=0.447; the sum on the negative and positive ranks 

are also almost equal. The Wilcoxon rank test indicated 
that in the intervention group there is not a statistically 
significant difference pre and post intervention, though was 
approaching significance with z=-1.334, P=0.09. The sum 
of  negative and positive results show a much larger sum of  
positives indicating that the intervention results in more 
positive results therefore meaning a more medial centre of  
pressure post intervention.  

Conclusions: Overall change in foot pressure indicates a 
more medial distribution post intervention, though results 
are not significant, this may become more apparent with a 
larger sample size. The use of  FES as a preventative strate-
gy for LAS is a possibility in the future though further re-
search is required. 

O#42 - Kinematic Analysis Of  A Televised Lateral 
Ankle Sprain Injury In Badminton 

Presenting Author: Isobel Thompson 

Authors & Affiliations: Isobel Thompson(1,2), Kam-
Ming Mok(3), Daniel Fong(1) 

(1) School of  Sport, Exercise and Health Sciences, Loughborough Univer-
sity, Loughborough, UK 

(2) School of  Engineering, Faculty of  Engineering and Physical Sciences, 
University of  Southampton, Southampton, UK 

(3) Department of  Orthopaedics and Traumatology, Prince of  Wales 
Hospital, Faculty of  Medicine, The Chinese University of  Hong Kong, 
Hong Kong, China 

Background: Ankle ligamentous sprains have been re-
ported as one of  the most commonly occurring injuries 
within sport, with lateral ankle sprains being the most 
common of  these. Previously, indirect methods have been 
used to explain the injury mechanics of  lateral ankle sprain 
injuries, but are unable to provide data relating directly to a 
real injury scenario. The Model-Based Image-Matching 
method allows a quantitative analysis to be carried out on 
real injury cases. This analysis technique will help to devel-
op the understanding of  injury mechanisms in the future. 

Objective(s): The aim of  this study is to determine the 
injury mechanism for a televised injury of  a badminton 
player, using a unique camera view to enable detailed mat-
ching of  the model to the player. It is hoped that the results 
reported will add to the existing body of  research. 

Design & Methods: This case study uses a Model-Based 
Image-Matching method to quantify the injury mechanics 
of  a televised lateral ankle sprain injury, comparing the 
findings to the existing body of  research. Four camera 
views which captured the injury were selected, including 
one which provided a linesman’s view. Each of  these videos 
was transformed and synchronised, and then opened in an 
animation software package. The known court dimensions 
were matched, creating a virtual environment, after which 
a skeletal model was matched to the athlete’s motion frame 
by frame. Initial foot contact was determined through visu-
al inspection. The kinematic profiles are presented. 
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Results: The kinematic profile of  this case was similar to 
those previously reported within the literature. A pattern of  
high inversion in combination with internal rotation was 
observed, with peak inversion and internal rotation measu-
red at 123° and 65° respectively. The peak inversion veloci-
ty recorded was 1469 deg/s. The onset of  the injury phase 
was identified at 0.12 s after initial foot contact. The peak 
angles and velocities observed were within the range of  
values recorded within the previous Model-Based Image-
Matching literature. 

Conclusions: This study successfully provides a quantita-
tive kinematic analysis of  a lateral ankle sprain injury me-
chanism. It is suggested that an at-risk ankle orientation 
combined with a high velocity of  movement is the cause of  
the injury in this case. The excessive joint motion observed 
is a consequence of  this. 

O#43 - Dynamic Balance And Ankle Injury Risk: A 
Prospective Study In 196 Pete Students 

Presenting Author: Sander Bliekendaal 

Authors & Affiliations: Sander Bliekendaal(1), Janine 
Stubbe(2), Evert Verhagen(3) 
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Science, VU University Medical Center, Amsterdam, the Netherlands 

Background: Ankle injuries are one of  the most common 
injuries in Physical Education Teacher Education (PETE) 
students. Identifying risk factors for ankle injuries is of  
importance in the development of  injury prevention pro-
grams. 

Objective(s): The aim of  this study was to investigate the 
relationship between dynamic balance of  the ankle and 
ankle injury risk in first-year Dutch PETE students. 

Design & Methods: This prospective study consisted of  
measures of  the anterior component of  the Starr Excursi-
on Balance Test (SEBT-ANT) at baseline (September 2015) 
and an injury registration procedure during a follow-up 
period (September 2015 – June 2016). In total 196 subjects 
were included in the study, of  which 137 men (70%) and 
59 women (30%). The association between the SEBT-ANT 
score and subsequent ankle injury was analyzed with Ge-
neralized Estimating Equations analysis at the leg level. 

Results: Men and women had an average anterior reach 
of  respectively 65.1% and 67.7% of  leg length. In 20 
(15%) subjects the first injured body site involved the ankle. 
In men, a below average SEBT-ANT score indicated a 7-
fold risk for ankle injury (Odds Ratio [OR] = 7.06, 95% 
Confidence Interval [CI]: 1.43 – 34.92, p = .02). In wo-
men, this relationship was not significant (OR = 0.72, 95% 
CI: 0.19 – 2.71, p = .62). 

Conclusions: Below average normalized SEBT-ANT 
scores were associated with a 7-fold risk for subsequent 
ankle injuries in men. These results may provide directions 
in the design of  an injury prevention program. 
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Background: Musculoskeletal pain is a primary burden 
on individuals, social and health care systems. Hajj is a 
religious duty and is undertaken by Muslims at least once 
in their lifetime. Annually, two-to-three million pilgrims 
perform Hajj in the holy city of  Mecca, Saudi Arabia. Hajj 
involves high physical demands as pilgrims move, generally 
by foot, between a series of  religious sites over 5-7 days 
with distances of  an average of  5-15 km/day. This is likely 
to exceed the typical physical activity exposure for most 
individuals and is further complicated by overcrowding, 
extreme heat and fatigue. 

Objective(s): The aim of  this study was to estimate the 
point prevalence of  musculoskeletal pain by anatomical 
sites among adult pilgrims and to study potential associati-
ons with individual characteristics, history of  major medi-
cal conditions, beliefs about Hajj, and falls during the Hajj. 

Design & Methods: A cross-sectional survey was con-
ducted during the period of  Hajj. Data were collected after 
completion of  the 2nd day of  Hajj (21-31 August 2018) by 
volunteers who approach individuals at different sites of  
Mecca city using an online application or paper form. The 
main inclusion criteria were adult pilgrims aged 18 or ol-
der. Participants were allowed reporting more than one site 
of  pain. Prevalence and odds ratio (gender-age adjusted) as 
a measure of  association were calculated using multinomial 
logistic regression. The data was analysed using IBM SPSS 
(version 24). Ethical approval was obtained by Physiothera-
py research committee, Umm Al-Qura University. 

Results: A total of  2,110 responses was received, of  
which 1,715 were complete (81.3%). The overall prevalen-
ce of  musculoskeletal complaints was high (82.3%). For 
both sexes, foot/ankle pain was the most frequent muscu-
loskeletal symptom (39.1%), followed by leg pain (30.4%), 
low back pain (28.4%), knee pain (23.0%), and shoulder 
pain (16.1%). Odds ratio analyses indicated that foot/ankle 
complaint was more likely in females, individuals had dia-
betes, those who believed that Hajj was physically exhau-
sted. Interestingly, other variables involving older individu-

als, individuals who smoke, had hypertension and those 
who had experienced a fall during Hajj were not associated 
with foot/ankle pain. 

Conclusions: Unlike most population data, foot/ankle 
and leg complaints were the most common. This is most 
likely explained by the high walking demands of  Hajj. 
These data provide guidance for the potential nature of  
preventative programs and the allocation of  resources to 
optimise individual’s experience and capacity to complete 
Hajj. 

P#02 - Preliminary Results From The Correlation 
Between Analgesics & Long Term Function (Calf) 
Study Following Lateral Ankle Sprains Study 

Presenting Author: Eric Robitaille 

Authors & Affiliations: Teo Koren Captain(1); Robitail-
le Eric PhD(1,2); Debouter Kelly Captain(1); Carpenter 
Adrian Captain(1); Reid Robert Captain(1) ;Ma, Janice 
PharmD.(1) 

(1) Canadian Armed Forces Health Services Group, Ottawa, Ontario, 
Canada 

(2) Dalhousie University, Halifax, Nova Scotia, Canada 

Background: Recent practice guidelines report that a 
short course of  non-steroidal anti-inflammatory drugs 
(NSAIDs) may decrease pain and improve function follo-
wing acute lateral ankle sprain (LAS). However, reports of  
greater swelling and static instability in subjects with acute 
LAS receiving NSAIDs have led to concerns of  adverse 
effects on healing and delayed rehabilitation. Studies have 
been criticized for short-term follow-ups, limited outcome 
measures and an inability to articulate whether the obser-
ved effects result from analgesic or anti-inflammatory ef-
fects. 

Objective(s): Therefore, the objective of  this pragmatic 
randomized controlled trial is to determine the effect of  
adding analgesics/NSAIDs to a standardized rehabilitation 
program over longer term functional outcome measures. 

Design & Methods: Canadian Armed Forces (CAF) 
members reporting to Garrison Petawawa with a grade I/
II LAS sustained within 48 hours were invited to participa-
te. All eligible subjects were provided a standardized reha-
bilitation program and randomized to receive either; no 
medication, or a 7 day course of: acetaminophen 500mg 
four times daily, celecoxib 100mg twice daily, or naproxen 
500mg twice daily. The primary outcome is the mean diffe-
rence between groups in the Foot & Ankle Abilities Measu-
re between baseline and 3 months. Secondary outcomes 
include the mean difference between groups in clinical 
measures of  pain, swelling, mobility, static and dynamic 
stability. To determine a statistically significant difference 
between groups with a two-sided significance of  0.05, a 
power of  80%, and an estimated attrition rate of  25%, 40 
subjects/group are required (n=160). 

!68



!  
8th International Ankle Symposium. October 3 & 4 2019, Amsterdam, the Netherlands

Results: To date, 79 subjects have been randomized into 
either the; no medication (n=20, 27.3±8.7years), acetami-
nophen (n=21, 28.8±6.9years), celecoxib (n=18, 
30.2±6.9years), or naproxen (n=20, 32.5±9.9years) groups. 
All subjects have reported clinically relevant changes in 
pain and self-reported function between baseline and 3 
months, without any signs of  static instability. Interestingly, 
there is a trend suggesting that only subjects in the no me-
dication and acetaminophen groups have reported clini-
cally relevant changes in swelling. 

Conclusions: The pragmatic nature of  this RCT and the 
training demands of  CAF members have challenged sub-
ject enrollment and follow-up. To date, all subjects have 
reported clinically relevant differences in pain & self-repor-
ted function, without any signs of  static stability. The re-
sults of  this study address some of  the limitations of  the 
current research on analgesics/NSAIDs in the manage-
ment of  ligament injuries & offers practical guidance to 
clinicians on the use of  adjunct pharmacological interven-
tions for CAF members with acute LAS. 

P#03 - Kinematics And Kinetics During Running 
Gait In Patients With Cai Compared To Healthy 
Controls And Ankle Sprain Copers: A Wearable 
Sensor Study 

Presenting Author: Collin Herb 

Authors & Affiliations: Herb CC (1), Burbank K (2), 
Burschbach A (2), Kim HW (2) 

(1) Northern Kentucky University, Department of  Kinesiology & Health, 
Heightland Heights, KY, USA 

(2) Weber State University, Department of  Athletic Training & Nutrition, 
Weber, UT, USA 

Background: Chronic Ankle Instability (CAI) has been 
associated with changes in kinetics and kinematics of  the 
ankle during running gait. This includes increased inversi-
on, less dorsiflexion and more plantar flexion as well as 
changes in muscle activity and joint forces. These findings 
are often identified in a controlled laboratory environment 
and on a treadmill. The biomechanics during overland 
running gait is limited in the CAI population. New weara-
ble devices may provide the opportunity to evaluate kine-
tics and kinematics of  the ankle during overland running. 

Objective(s): To compare gait kinetics and kinmeticas of  
subjects with CAI, healthy controls and ankle sprain copers 
during overland running using a wearable accelerometer. 

Design & Methods: Case-control study design. Wearing 
the devices on the heel of  standardized footwear subjects 
completed a 5 minute warm-up, followed by an 800 meter 
run on an indoor track at a self-selected pace. Forty-eight 
patients were recruited (13 CAI, 13 Controls, 12 Copers) 
were recruited based on guidelines by the International 
Ankle Consortium. Contact time, cycle time, stride length, 
pronation-excrution, pronation velocity, impact Gs, braking 

Gs were evaluated in all subjects. A one-way ANOVA with 
a Tukey Post Hoc test was run to compare groups. 

Results: CAI subjects had higher pronation velocity com-
p a r e d t o c o p e r s ( p = 0 . 0 2 8 , m e a n 
difference=169.34+/-65.91), and higher impact Gs 
(p=0.026, mean difference=2.16+/-0.77) and braking Gs 
(p<0.00, mean difference=2.37+/-0.70) compared to heal-
thy controls. No differences were identified in contact time, 
cycle time, stride length, and pronation excursion between 
groups. 

Conclusions: CAI subjects displayed significantly higher 
pronation velocity compared to copers which may reflect a 
novel muscular control strategy in the coper group compa-
red to the CAI group. Higher velocity may require great 
motor control in the frontal plane. In addition, CAI paitnes 
had higher Gs in both impact braking measurements com-
pared to healthy controls. Rehabilitation of  CAI patients 
should focus on controlling the impact forces in CAI pa-
tients. 

P#04 - Generic And Psychological Patient Repor-
ted Outcome Deficits In Those With Chronic Ankle 
Instability  

Presenting Author: Erik Wikstrom 

Authors & Affiliations: Erik A Wikstrom (1,2) & Kye-
ongtak Song (1,2) 

(1) MOTION Science Institute , USA 

(2) University of  North Carolina at Chapel Hill, USA 

Background: Lateral ankle sprains are highly prevalent, 
costly, and often results in the development of  chronic an-
kle instability (CAI). Both younger and older adults with 
CAI have demonstrated a decreased quality of  life as mea-
sured via a variety of  regional (i.e. ankle specific), generic 
(i.e. overall health), and psychological (i.e. mental/social 
health) patient reported outcomes (PROs). Recent systema-
tic reviews and meta-analyses have illustrated conclusively 
that those with CAI have deficits in regional PROs. Preli-
minary work also suggests deficiencies in generic and psy-
chological PROs in those with CAI relative to uninjured 
controls, further research is needed to confirm these early 
results. 

Objective(s): Our primary objective was to determine 
differences in generic and psychological PROs between 
those with CAI and uninjured controls. Our secondary 
objective was to quantify associations between regional, 
generic, and psychological PROs within the CAI sample. 

Design & Methods: Fifteen individuals with CAI (age: 
21.2±1.8 years, height: 1.7±.8m, mass: 67.0±7.7kg) and 
fifteen uninjured controls (age: 21.0±2.5 years, height: 
1.7±.8m, weight: 69.6±13.2kg) volunteered. CAI inclusion 
criteria was in accordance with the International Ankle 
Consortium guidelines. Those with CAI had higher Identi-
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fication of  Functional Ankle Instability scores (22.9±2.8 vs. 
0.1±0.5), and lower Foot and Ankle Ability Measure 
(85.9±9.7% vs. 100.0±0.0%) and Foot and Ankle Ability 
Measure Sport (68.4±20.6% vs. 100.0±0.0%) scores. Ge-
neric PROs included select Short Form-36 subscales 
(SF-36) and the PROMIS Physical Function short form 
(PPF). Psychological PROs included the select SF-36 sub-
scales and the Fear-Avoidance Beliefs Questionnaire 
(FABQ) subscales. 

Results: Those with CAI had generic PROs deficiencies 
in the PPF (CAI: 56.54±5.67, Control: 61.64±4.99, 
p=0.01), SF-36 physical functioning (CAI: 94.44±44%, 
Control: 98.51±3.29%, p=0.05), and the SF-36 pain sub-
scale (CAI: 89.33±11.89%, Control: 98.67±3.51%, 
p<0.01). Similarly, those with CAI had deficits in psycholo-
gical PROs including the FABQ work (CAI: 4.33±0.00, 
Control: 0.00±0.00, p=0.03) and physical activity subscale 
(CAI: 10.06±5.32, Control: 1.4±2.56, p<0.01). No other 
group differences were noted (p>0.05). Within the CAI 
group, no associations among the regional, generic, and 
psychological PROs were identified (p>0.05). 

Conclusions: Young individuals with CAI have deficien-
cies in some generic and psychological PROs but generic 
and psychological PROs are not associated with regional 
PROs in this sample. This suggests that each domain cap-
tures unique health-related quality of  life aspects in young 
individuals with CAI which may change with age. 

P#05 - Bivariate Confidence Interval Comparison 
Of  Joint Coupling During Jogging In Patients With 
Chronic Ankle Instability 

Presenting Author: Lisa Custer 

Authors & Affiliations: C. Collin Herb, PhD, ATC (1), 
Lisa Custer, PhD, ATC (2)  

(1) Assistant Professor of  Athletic Training, Department of  Kinesiology 
and Health, Northern Kentucky University, USA 

(2) Associate Professor in Athletic Training, Department of  Kinesiology, 
Towson University, USA 

Background: Chronic ankle instability (CAI) has been 
associated with kinematic changes during running gait. 
These include alterations in frontal and sagittal plane ankle 
kinematics. Previous waveform comparisons of  kinematics 
have been limited to a single dimension, however, the com-
plex nature of  gait may benefit from multi-dimensional 
comparison techniques. A recent technique (CI2) consist of  
a bivariate confidence interval comparison of  two kinema-
tic waveforms across the gait cycle. This may present novel 
findings in the kinematics of  CAI patients during gait 
compared to previously reported data. 

Objective(s): The goal of  this study is to analyze a pre-
viously collected data set of  running gait in healthy and 
CAI patients using the CI2 analysis techniques on shank 
transverse plane and rearfoot frontal plane movement to 
determine the potential of  the technique in analyzing lo-

wer extremity kinematics. We hypothesized that the CI2 
technique would identify periods of  difference in shank-
rearfoot joint coupling between healthy and CAI patients. 

Design & Methods: Previously collected data was re-
analyzes during running gait in CAI patients and healthy 
controls. Data set was reprocessed to use 10-15 strides per 
subject and 9 subjects were included in the CAI group and 
10 in the healthy group. The CI2 technique was based on a 
recently reported analysis technique and consisted of  gene-
rated confidence intervals in the 2 dimensions of  kinematic 
data at each point of  the gait cycle. Group means and 90% 
confidence intervals were generated and significant group 
differences were identified as any period where the CI2 did 
not overlap for at least 3 consecutive percentage points. 

Results: Single plane kinematic comparisons are presen-
ted to contrast the CI2 technique compared to standard 
single waveform confidence interval comparisons. In the 
shank transverse – rearfoot frontal plane comparison, there 
was no overlap of  the confidence intervals indicating signi-
ficant group differences from 1-3%, 18-42%, 47-58%, 
68-74% and 78-83% of  the gait cycle. The single dimensi-
onal confidence interval comparison found differences in 
shank rotation but not in rearfoot kinematics 

Conclusions: The CI2 analysis presents a novel techni-
que for evaluating waveform data. The differences were 
more robust in the CI2 comparison compared to univariate 
confidence interval comparisons. This analysis may reveal 
how 2 segments are coordinating simultaneously during 
movement. Future research should use the CI2 technique 
when analyzing kinematics of  the lower-extremity. 

P#06 - Regional Interdependence: A Multi-Modal 
Approach To Chronic Ankle Instability Examina-
tion 

Presenting Author: Katherine Bain 

Authors & Affiliations: Katherine Bain (1), Dr. Kyle 
Kosik (1), Dr. Phillip Gribble (1) 

(1) University of  Kentucky, USA 

Background: The biomedical model states that sympt-
oms are directly related to a biological pathology, so once 
acute damage has resolved, improvement should occur. 
However, this is not seen with CAI, which evolves from an 
acute incident and results in long-standing impairments 
and re-injury. Regional Interdependence (RI) is the concept 
that unrelated impairments may contribute to the primary 
complaint or diagnosis. Currently, the revised RI model 
states that interdependence between body regions is not 
solely musculoskeletal, but also considers the role of  the 
neurophysiological, biopsychosocial, and somatovisceral 
systems, all of  which are relevant when addressing an indi-
vidual with CAI. 

Objective(s): To describe impairments associated with 
CAI across various body systems and state the importance 
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of  implementing a RI model approach when examining 
individuals with CAI in order to allow the treating clinician 
to better formulate a patient-specific plan of  care to ultima-
tely improve patient outcomes. 

Design & Methods: Descriptive theoretical model. A 
literature review was conducted to develop a new theoreti-
cal construct to build upon conventional understanding of  
the deficiencies observed in those with CAI. 

Results: RI considers the integration of  multiple domains 
as they relate to an injury and also their interaction 
amongst one another. Current evidence suggests that indi-
viduals with CAI exhibit impairments within each of  the 
following domains. Musculoskeletal impairments can in-
clude ligamentous laxity, decreased dorsiflexion ROM, 
mechanical joint restrictions, muscular weakness, and de-
generative cartilaginous changes. Neurophysiological con-
siderations include decreased kinesthesia, diminished ankle 
joint position sense, and diminished proprioception. The 
biopsychosocial domain conceptualizes the role of  both 
psychological and social factors in coping with CAI while 
the somatovisceral domain stresses the importance of  ru-
ling out non-ankle related pathology during the initial eva-
luation. 

Conclusions: The RI model creates a framework to bet-
ter understand and treat the multiple contributing factors 
of  a patients’ symptoms and complaints, allowing the trea-
ting clinician to formulate an improved, patient-centered 
plan of  care. 

P#07 - Management Of  Acute Anterior Talofibular 
Ligament Injury In Elite Sport 

Presenting Author: Ros Cooke 

Authors & Affiliations: Dr Lee Herrington PhD MCSP 
(1,2), Rosalyn Cooke MSc MCSP (3) 

(1) EIS Senior Physiotherapist (Multi-sport) North West 

(2) Technical Lead Physiotherapist (Lower Limb Rehabilitation) 

(3) EIS Senior Physiotherapist (Multi-sport) London 

Background: Areas to be covered: 

• Inconsistency in management of  ATFL injury in litera-
ture 

• Early management has critical role in outcome 

• Current practice unclear 

Objective(s): To understand current practice around the 
management of  physiotherapists in elite sport of  a grade 
two anterior talofibular ligament (ATFL) injury. Specifi-
cally, practices in the areas of  diagnosis, early manage-
ment, mobilisation and immobilisation. 

Design & Methods: A structured interview was conduc-
ted on 6 physiotherapists working for the English Institute 
of  Sport who support Olympic sports with high ankle li-

gament injury rates. The structured interview involved 
specific questions relating to management of  an acute first 
time grade 2 ATFL injury. Answers were obtained across 
the areas of  diagnosis, use of  PRICE, immobilisation and 
weight bearing status, functional support and exercise the-
rapy. Thematic analysis was carried on the answers inde-
pendently by two researchers, and then consensus summa-
ries were agreed for each of  the question areas. 

Results: There was agreement on the need for stability 
testing early, along with assessment of  weight bearing sta-
tus, gait and ankle dorsiflexion range. The practitioners 
were also consistent in their avoidance of  immobilisation 
and bracing/taping, unless significant symptoms were pre-
sent. All practitioners also started exercises early after inju-
ry, initial working on range of  movement and gait, but 
progressing rapid (as symptoms allowed) to full weight bea-
ring exercises and sport specific tasks. Though all used 
PRICE, there was inconsistency in their application of  ice, 
compression and elevation, in terms of  method frequency 
and duration. 

Conclusions: Elite sports physiotherapists would appear 
to have a consistent approach to management of  ATFL 
injuries in some areas, especially those relating to assess-
ment, immobilisation and exercise. But they have differen-
ces in approach to the use of  PRICE which may reflect the 
inconsistency in the literature surrounding this approach. 

P#08 - College-Aged Adults Will Develop Reduced 
Cardiorespiratory Fitness And Greater Body Fat-
ness As A Consequence Of  Chronic Ankle Instabi-
lity 

Presenting Author: Michael Turner 

Authors & Affiliations: Michael J. Turner (FACSM) (1), 
Aregash Theodros (1), Anyea King (1), Jimmy Joyner (1), 
and Tricia Hubbard-Turner (FACSM) (1).  

(1) Department of  Kinesiology, University of  North Carolina Charlotte, 
Charlotte, NC, USA 

Background: Our laboratory has recently reported signi-
ficant declines in daily physical activity (PA) performed in 
humans and mice as a result of  Chronic Ankle Instability 
(CAI). This decline in PA throughout one’s lifespan is likely 
to accelerate unhealthy characteristics. 

Objective(s): To assess the impact of  CAI on cardiores-
piratory fitness and body composition. 

Design & Methods: Thirty-four subjects participated in 
the study. Seventeen subjects with CAI were matched for 
sex (10 females, 7 males per group), age (22.1±2.6 yr and 
22.2±3.0 yr; Mean±SD), height (167±8 cm and 168±8 
cm), and weight (70.5±7.3 kg and 66.7±7.5 cm), to subjects 
with no history of  ankle injury, respectively. All subjects 
reported to the Health Risk Assessment Lab for one sessi-
on. Subjects completed the foot and ankle ability measure 
(FAAM and FAAM Sport) and the NASA physical activity 
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questionnaire. Subject’s body composition was assessed by 
dual-energy x-ray absorptiometry. Afterward, all subjects 
performed a treadmill maximal exercise test. Heart rate 
was monitored with ECG and expired gases being monito-
red using standard techniques. Every minute of  the test the 
subjects rated their effort of  exertion using the Borg RPE 
scale (a 6 to 20 scale). For the treadmill test we used a two-
minute progressive test until volitional fatigue was attained. 

Results: No differences were observed between groups for 
age (p=0.86), height (p=0.79), and weight (p=0.15). Body 
composition was different (p=0.0002) between the CAI and 
Control group (33.9±6.0% and 24.6±6.8%, respectively). 
VO2max (ml/kg.min) was significantly different (p<0.0001) 
between CAI and Control groups (30.2±4.8 and 49.2±7.5, 
respectively). Time to maximal exercise test completion 
(p=0.02) and VEmax (p=0.008) were different between 
groups. Maximal HR was not different (p=0.96) between 
groups, however; resting HR was different (p=0.0001) bet-
ween the CAI and Control groups (77.3±7.5bpm and 
64.9±8.1bpm, respectively). FAAM (p<0.0001), FAAM 
Sport (p<0.0001) and NASA (p<0.0001) were all observed 
to indicate differing activity levels between the groups. 

Conclusions: CAI in college-aged adults results in signifi-
cantly reduced PA and cardiorespiratory fitness levels ac-
companied by significantly greater body fatness. Our fin-
dings suggest these serious negative health outcomes will 
rapidly develop as a consequence of  the reoccurrence of  
this musculoskeletal injury as a young adult. 

P#09 - Inter-Limb Reflex Control Is Redistributed 
In People With Chronic Ankle Instability During 
Maintenance Of  Whole-Body Balance: A Prelimi-
nary Study 

Presenting Author: Cassandra Thompson 

Authors & Affiliations: Authors: Cassandra S. Thomp-
son (1), Peter J. Clothier (1), Siobhan M. Schabrun (2) 

(1) School of  Science and Health, Western Sydney University, Locked Bag 
1797, Penrith NSW 2751  

(2) Neuroscience Research Australia, 186 Barker St, Randwick, NSW 
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Background: The mechanisms mediating bilateral senso-
rimotor deficits in individuals with unilateral Chronic An-
kle Instability (CAI) and acute Lateral Ankle Sprain (LAS-
coper) are unknown. Transcortical and spinal inter-limb 
reflexes are a plausible candidate for the presence of  bilate-
ral deficits following a unilateral injury. 

Objective(s): This cross-sectional laboratory experiment 
aimed to compare soleus, tibialis anterior and peroneal 
inter-limb reflex responses between CAI, LAS-coper and 
healthy populations. 

Design & Methods: Eight individuals with CAI, eight 
LAS-copers and eight age, limb and gender-matched heal-
thy controls participated. The ipsilateral tibial nerve of  

each limb were stimulated at 100% M-max of  the ipsilate-
ral soleus muscle during a double-legged static balance 
task, involving a mild plantar-flexion contraction. Inter-
limb reflex responses were examined bilaterally for all par-
ticipants. 

Results: CAI individuals re-distributed spinal and trans-
cortical inter-limb reflex control towards a soleus dominant 
strategy (p = 0.004), in both injured and uninjured limbs, 
compared with LAS-coper and healthy participants. 
However, a history of  bilateral or unilateral injury did not 
have an additive affect to the inter-limb reflex response (p 
= 0.99). Further, inter-limb reflex responses were not diffe-
rent between limbs in those with unilateral, bilateral or no 
injury history. 

Conclusions: Distribution of  ankle stabiliser muscle acti-
vation during spinal and transcortical mediated inter-limb 
reflexes was altered in CAI participants, compared to LAS-
coper and healthy controls. Higher soleus activation, cou-
pled with lower reflex contributions from tibialis anterior 
and peroneal musculature in CAI indicates the use of  an 
alternate strategy to maintain whole-body displacement 
following a perturbation, which may predispose these indi-
viduals to further inversion sprain injuries. 

P#10 - A New Method To Measure H-Reflex Exci-
tability In Those With Chronic Ankle Instability 

Presenting Author: Cassandra Thompson 

Authors & Affiliations: CS Thompson (1)  

(1) Department of  Sport and Exercise, Western Sydney University, NSW 
AU 

Background: Spinal reflex excitability (H-reflexes) is 
commonly measured at a % of  the maximal motor respon-
se (e.g. 10-30% Mmax). At such intensities, peripheral ner-
ve stimulation is likely to produce concomitant activation 
of  motor fibres and antidromic collision. As a result, H-
reflexes at this intensity may not be a valid measure of  
spinal reflex excitability at the Ia-motorneuron synapse. 

Objective(s): To assess the reliability and validity of  mea-
suring H-reflexes at 50% of  the maximal H-reflex respon-
se, without eliciting an M-wave. 

Design & Methods: Reliability of  soleus M-max and H-
reflex responses were compared between 5 healthy and 5 
CAI participants. Based on M-max and H-threshold, a 15-
point logarithmic scale was calculated to plot the H-reflex 
recruitment curve. The ascending H-reflex curve was fit 
with a sigmoidal function, using a general least-squares 
model: H-max/(1+EXP(slope∗(s50-h-threshold))), where 
H-max represented the maximal H-reflex amplitude res-
ponse and s50 was the approximate current at 50% of  H-
max (H50%). During testing, stimulus intensity was con-
trolled at H50% (on the ascending portion of  the recruit-
ment curve). 
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Results: H50% reliability was strong in CAI and Healthy 
participants across ten trials [healthy, ICC = 0.84 ± 0.16; 
CAI, ICC = 0.82 ± 0.22]. Reliability was moderate-strong 
in both for both three [ICC = 0.78 ± 0.22] and five trials 
[ICC = 0.79 ± 0.17]. 

Conclusions: Eliciting H-reflexes at H50% is a reliable, 
and may be a more valid, assessment of  spinal reflex exci-
tability in those with CAI. 

P#11 - Single Leg Drop-Landing Strategies During 
Unanticipated And Anticipated Ankle Inversion 
Perturbations In Participants With Chronic Ankle 
Instability 

Presenting Author: Jeffrey Simpson 

Authors & Affiliations: Jeffrey D. Simpson 1, Nicole K. 
Rendos1,2, Ethan M. Stewart3, Rachel M. Koldenhoven4, 
David M. Macias3, Samuel J. Wilson5, Harish Chander3, 
Adam C. Knight3 

(1) University of  West Florida, Pensacola, Florida, USA 

(2) Andrews Research and Education Foundation, Gulf  Breeze, Florida, 
USA 

(3) Mississippi State University, Mississippi State, Mississippi, USA 

(4) University of  Virginia, Charlottesville, Virginia, USA  

(5) Georgia Southern University, Statesboro, Georgia, USA 

Background: Injury simulations are often used to ap-
proximate the mechanism of  a lateral ankle sprain to eva-
luate ankle joint stabilization and neuromuscular control in 
individuals with chronic ankle instability (CAI). Although 
reductions in ankle joint stabilization and impaired neuro-
muscular control have been identified in participants with 
CAI during inversion perturbations, the potential anticipa-
tory mechanisms to inversion perturbations have received 
less attention. Examining anticipatory responses to inversi-
on perturbations during landing could provide new insights 
to the underlying mechanisms that might be associated 
with recurrent injury and/or the ankle "giving way" in 
participants with CAI. 

Objective(s): The purpose of  this study was to examine 
3-dimensional ankle, knee, and hip kinematics in individu-
als with CAI (n=15) and controls (n=15) during unanticipa-
ted and anticipated inversion perturbations during a single 
leg drop-landing onto laterally inclined platform. 

Design & Methods: A between-subjects repeated mea-
sures design was implemented to examine the influence of  
anticipation to an inversion perturbation on lower limb 
kinematics in participants with and without CAI. Each 
participant performed an unanticipated and anticipated 
single leg drop-landing onto a 20° laterally inclined force 
platform from a height of  30 cm. 3D kinematic data from 
the ankle, knee, and hip joints was recorded using 12 infra-
red cameras. Ankle, knee, and hip kinematics 200 ms pre- 
to 200 ms post-landing were analyzed using a 2 (group) x 2 

(landing condition) statistical parametric mapping analysis 
of  variance (P<.05). 

Results: A significant interaction was found for pre-lan-
ding ankle internal rotation (P=.004), which primarily re-
vealed differences between the landing conditions. Signifi-
cantly greater ankle internal rotation was found in the CAI 
group post-landing (P=.035) regardless of  landing conditi-
on. With respect to landing condition, significantly greater 
pre-landing ankle inversion (P<.001) and external rotation 
(P<.001), knee (P=.001) and hip adduction (P<.001) were 
found for the anticipated landing. During post-landing, 
significantly less ankle inversion (P<.001), knee (P=.014) 
and hip flexion (P=.048), knee (P=.002) and hip abduction 
(P=.040), as well as greater knee external rotation (P=.020) 
were found during the anticipated landing condition. 

Conclusions: Greater ankle internal rotation during 
forced inversion of  the ankle complex may highlight an 
underlying factor that contributes to the ankle “giving way” 
during landing in individuals with CAI. However, similar 
single leg drop-landing strategies were observed in both 
groups during the inversion perturbations. 

P#12 - Paper Or Tablet: How Should I Determine 
If  My Patients Have Cai? 

Presenting Author: Christopher Burcal 

Authors & Affiliations: Burcal CJ (1), Johnston ML (1), 
Rosen AB (1) 

(1) University of  Nebraska at Omaha, School of  Health and Kinesiology, 
USA 

Background: Patient reported outcomes (PROs) are a 
useful tool that provide clinicians with pertinent informati-
on about their patients’ health-related quality of  life (HR-
QOL). Record keeping in healthcare in the past decade has 
made a shift towards favoring electronic medical records 
(EMR) over paper records. One barrier to the implementa-
tion of  PROs into clinical practice may be the time requi-
red to score and grade these instruments. Digital versions 
of  PROs are time-efficient methods of  administration 
(MOA) to measure HRQOL in patients, as they eliminate 
the time required to grade and score the instruments. 

Objective(s): This investigation aimed to assess the 
agreement between a digital version of  the Cumberland 
Ankle Instability Tool (CAIT) compared to the original 
paper version. 

Design & Methods: A reliability analysis for absolute 
agreement was conducted on 33 participants (age: 
25.27+/-6.32yr; mass: 75.51+/-14.44kg; height: 
173.42+/-10.25cm). Participants completed two MOA of  
the CAIT, paper and digital, and the order of  which MOA 
was taken first was randomized via coin-flip. Participants 
completed the first MOA, took a 5-minute break, and then 
completed the second MOA of  the CAIT. All participants 
had at least one MOA with a score less than 30. A random-
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effects intra-class correlation coefficient was calculated for 
absolute agreement between the two MOA using SPSS 
version 24. 

Results: The CAIT was shown to have a high degree of  
agreement between the paper and digital MOA, with an 
ICC estimate of  0.939 (95% CI: 0.877, 0.970). Our parti-
cipants were on the higher end of  scoring for the CAIT, 
with scores on the paper MOA being 23.64+/-5.49 and 
22.97+/-5.78 for the digital MOA. Only 2 participants 
would have been classified as having CAI on one MOA but 
not the other based on the IAC-endorsed cut-off  score of  
24. 

Conclusions: It is common in both clinical practice and 
research to utilize digital MOA for PROs and other survey-
based assessments (e.g. inclusion criteria). These early re-
sults from a small sample suggest that a digital version of  
the CAIT is feasible and provides similar information than 
the validated paper version. 

P#13 - The Immediate Effects Of  Joint Mobilizati-
on On Ankle Musculotendinous Stiffness In Indi-
viduals With Chronic Ankle Instability 

Presenting Author: M. Spencer Cain 

Authors & Affiliations: M. Spencer Cain (1), Kyeongtak 
Song (1), J. Troy Blackburn (1), Kimmery Migel (1), Erik A. 
Wikstrom (1) 

(1) MOTION Science Institute at the University of  North Carolina at 
Chapel Hill, Chapel Hill, NC, USA 

Background: Previous research has reported that relative 
to uninjured controls, musculotendinous stiffness (MTS) is 
altered in individuals with chronic ankle instability (CAI). 
MTS contributes to joint stability and alterations in MTS 
are thought to contribute to overall sensorimotor dysfuncti-
on in individuals with CAI. However, MTS is modifiable 
via rehabilitation. Joint mobilization is a common rehabi-
litation intervention that improves sensorimotor function in 
those with CAI. While sensorimotor function is improved, 
the underlying neurophysiologic mechanisms responsible 
for the improvements remains unknown. 

Objective(s): The primary objective was to determine 
the immediate effect of  a single bout of  joint mobilization 
on ankle MTS in those with CAI. Our secondary objective 
was to quantify the individual MTS response pattern asso-
ciated with a single bout of  joint mobilizations within the 
CAI group. 

Design & Methods: Seventeen participants with CAI 
(20.00±1.34 years, 67.93±12.80 kg, 171.47±6.55 cm, 
2.85±1.31 ankle sprains, 6.20±4.16 episodes of  giving way, 
IdFAI 21.75±5.76, FAAL-ADL 87.32±8.91, FAAM-S 
73.28±14.85) completed a single test session. Triceps-surae 
and fibularis MTS was assessed before and after a 5-minute 
joint mobilization treatment. MTS was quantified via the 
oscillation method. Participants were seated and maintai-

ned a neutral ankle position while a perturbation was ap-
plied to produce oscillations at the respective ankle axis of  
rotation. The dampening of  these oscillations by the mus-
culotendinous structures allowed torsional stiffness to be 
calculated. 

Results: There was significant change in fibularis MTS (-
0.22±0.41N/m/kg, p=0.039) from pretest (123.62±19.42) 
to posttest (121.16±24.49), however no significant change 
was detected in triceps-surae MTS (0.69±10.49N/m/kg, 
p=0.790) following the joint mobilization bout pretest 
(5.85±1.09) to posttest (6.07±1.19). The joint mobilization 
bout resulted in an average absolute shift of  ~7% of  both 
the triceps-surae and fibularis baseline MTS. Following 
joint mobilization, a bimodal response was observed for 
both trice-surae and fibularis MTS. More specifically, 10 
participants had an increased and 7 participants had de-
creased triceps-surae MTS. Following the same bout, 13 
participants had an increased and 4 participants had de-
creased fibularis MTS. 

Conclusions: A single-bout of  ankle-joint mobilization 
can alter fibularis MTS in those with CAI, however a bi-
modal response pattern to treatment bout was observed. 
Future research is needed to determine the impact of  mul-
tiple ankle-joint mobilization treatments on MTS in CAI 
and how MTS associates with other measures of  sensori-
motor function. 

P#14 - Kinematic And Kinetic Assessment Of  A 
Double Limb Squat In Chronic Ankle Instability 

Presenting Author: Kimmery Migel 

Authors & Affiliations: Kimmery G. Migel, PT, DPT 
(1), Kyeongtak Song, MS, ATC (1), Erik A. Wikstrom, PhD, 
ATC (1) 

(1) University of  North Carolina – Chapel Hill, Chapel Hill, NC, USA 

Background: Chronic ankle instability (CAI) is common 
musculoskeletal condition in the athletic population and is 
associated with aberrant and asymmetrical movement pat-
terns in walking, jump landing, and a step down task. 
Squatting is a common task encountered during both 
sporting activities and daily life, however, the impact of  
CAI on squat characteristics has not been compared bet-
ween those with and without CAI. 

Objective(s): To evaluate frontal and sagittal plane hip, 
knee, and ankle kinematics, spatiotemporal squat variables, 
and loading symmetry differences between those with and 
without CAI during a double limb squat. 

Design & Methods: Fourteen CAI (age: 20.93±1.27 
years, weight: 67.00±7.67 kg, height:167.55±8.13 kg, 
number of  ankle sprains: 4±2.07, FAAM-ADL: 
86.19±9.77%, FAAM-S: 68.33±21.87%) and fourteen 
limb matched controls (age: 20.93±2.40 years, weight: 
64.35±10.98 kg, height: 165.83±6.25 cm, number of  ankle 
sprains: 0, FAAM-ADL: 100±0%, FAAM-S 100±0%) 
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participated. CAI inclusion criteria was in accordance with 
the International Ankle Consortium guidelines. Partici-
pants completed five double leg squats with no instruction, 
of  which the middle three were manually identified and 
averaged for analysis. Between group analyses (indepen-
dent t tests) were completed for spatiotemporal squat 
characteristics, kinematic, and loading symmetry variables. 

Results: Kinematically, ankle sagittal (CAI: 30.04±6.41°, 
Control: 27.86±5.69°, p=0.246) and frontal displacement 
(CAI: 5.20±4.95°, Control: 6.27±4.34°, p=0.507) did not 
differ between groups. Similarly, knee and hip displacement 
did not differ between groups (p>0.05). Both absolute loa-
ding symmetry (CAI:3.96±1,18 N, Control: 3.93±1.05 N, 
p=0.942) and constant (i.e. direction specific) loading sym-
metry (CAI:-0.04±0.096N , Control: -0.021 ±0.096 N, 
p=0.578) were not different between the groups. 

Conclusions: During a double limb squat, those with 
CAI demonstrate similar kinematics, spatiotemporal squat 
characteristics, and loading symmetry patterns as uninju-
red controls. 

P#15 - Individuals With Chronic Ankle Instability 
Present Altered Lower-Limb Kinematics During A 
Unilateral Drop Jump Landing 

Presenting Author: Camille Mainville 

Authors & Affiliations: Camille Mainville (1-2), Gabriel 
Moisan (1-3), Martin Descarreaux (1-2), Vincent Cantin (1-
2) 

(1) Groupe de recherche sur les Affections Neuromusculosquelettiques 
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Background: Lateral ankle sprain (LAS) is a common 
lower-limb injury. Many individuals sustaining a LAS will 
present residual symptoms and long-term disabilities such 
as chronic ankle instability (CAI). Although previous stu-
dies showed that individuals with CAI present kinematic 
deficits during unilateral drop jump landing on a flat surfa-
ce, few studies has yet investigated the kinematics of  these 
individuals when landing on a more challenging surface, 
such as unstable or inclined surfaces. A better understan-
ding of  adaptations associated with CAI during unilateral 
drop jump landing on different surfaces will improve com-
prehension of  CAI lower-limb biomechanics during dyna-
mic tasks. 

Objective(s): The purpose of  this study was to quantify 
lower-limb kinematics of  individuals with CAI during uni-
lateral drop jump landing on flat, inclined and unstable 
surfaces. 

Design & Methods: Thirty-one individuals with CAI 
participated in this study. Inclusion criteria were based on 

the selection criteria suggested by the International Ankle 
Consortium. Ankle and knee kinematics were recorded 
during a unilateral drop jump landing on flat, inclined (25 
degrees laterally) and unstable (10-cm foam) surfaces. Par-
ticipants had to perform five trials for each surface. Kine-
matic data were normalized to 100% of  the landing phase, 
with 0% representing the initial contact and 100% the 
maximal knee flexion. A statistical parametric mapping 
analysis was performed to compare knee and ankle kine-
matics during unilateral drop jump landing on unstable, 
inclined and flat surfaces. 

Results: In comparison to flat surface, drop jump landing 
on an unstable surface increased knee flexion from 0 to 
86% (P<0.001) and decreased ankle dorsiflexion from 4 to 
45% (p≤0.01) of  the landing phase. No significant differen-
ce was observed during unilateral drop jump landing bet-
ween the inclined and flat surface. 

Conclusions: The CAI individuals can adopt different 
biomechanics during unilateral drop jump landing on an 
unstable surface compared to a flat surface. The lack of  
difference for lower-limb kinematics could be explained by 
a stiffer landing biomechanics during drop jump landing 
on inclined and flat surface compared to an unstable surfa-
ce. 

P#16 - Altered Biomechanics Of  Individuals With 
Chronic Ankle Instability Compared To Copers 
And Controls During Gait 

Presenting Author: Inje Lee 

Authors & Affiliations: Lee IJ(1,2) & Lee SY(1,2) 

(1) Department of  Physical Education, Yonsei University, Seoul, South 
Korea. 

(2) Yonsei Institute of  Sports Science and Exercise Medicine, Yonsei 
University, Seoul, South Korea 

Background: There are many studies investigating diffe-
rences in biomechanics of  the lower extremity between 
those with chronic ankle instability (CAI) and the normal 
population. However, there are no studies comparing the 
lower extremity biomechanics of  CAI patients with those 
of  copers and controls during gait. It is crucial to investiga-
te differences in the lower extremity biomechanics between 
CAI patients and copers during gait because coper is a 
person who has a history of  an acute ankle sprain but not 
residual symptoms such as recurrent sprains, feeling ankle 
instability, and repeated giving way. It may give us insights 
into strategies preventing CAI. 

Objective(s): There is no study analyzing kinematics and 
kinetic variables of  lower extremities among those with 
CAI, copers, and controls during gait. Therefore, this study 
aimed to investigate differences in kinematics and kinetics 
of  the lower extremity among individuals with CAI, co-
pers, and controls during gait. 

!75



!  
8th International Ankle Symposium. October 3 & 4 2019, Amsterdam, the Netherlands

Design & Methods: Study design of  this study is a case-
control study. A total of  54 subjects were recruited and 18 
subjects were assigned to each group. Motion and force 
plate data were collected at a sampling rate of  200 Hz and 
1000 Hz, respectively. Subjects were instructed to walk and 
jog at the selected speed along a force plate embedded 8-m 
walkway in shoes. Three valid data was recorded. An inde-
pendent variable was groups and dependent variables were 
lower extremity kinematics and kinetics. One-dimensional 
statistical parametric mapping was used to conduct curve 
analysis. An alpha level was set at prior to 0.05. 

Results: During walking, the CAI group showed less dor-
siflexion angle than copers (39-44%) and controls (1-4%, 
41-42%). For the ankle kinematics in the frontal plane, CAI 
subjects displayed significantly greater inversion angle than 
coper group (50-54%) and the control group (19-20%, 
50-51%, 84-88%). During jogging, the CAI group exhibi-
ted less dorsiflexion angle than copers (2-4%, 20-27%) and 
controls (1-5%, 21-26%, 90-92%). For frontal plane kine-
matics of  the ankle, CAI subjects demonstrated greater 
inversion angle than copers (2-3%, 35-27%, 45-50%) and 
controls (2-3%). For kinetics, during jogging but not wal-
king, copers generated greater knee internal rotation mo-
ments than CAI subjects (14-18%, 20-22%). 

Conclusions: Copers utilize knee strategy, which is de-
creasing eccentric control of  external rotation in order to 
control inversion of  the foot resembling normal gait pat-
tern. We have to note to address a gait retraining strategy 
both utilizing ankle muscles and strengthening external 
rotator of  the knee joint to reduce ankle inversion. 

P#17 - The Association Between Self-Reported 
Pain And Functional Tests In Participants With 
Chronic Ankle Instability 

Presenting Author: Saeed Al Adal 

Authors & Affiliations: Saeed Al Adal (MSc), Martin 
Mackey (PhD), Fereshteh Pourkazemi (PhD), Claire E Hil-
ler (PhD) 

(1) Faculty of  Health Sciences, University of  Sydney, Sydney, Australia 

Background: Although ankle sprain is perceived as a 
‘simple’ injury, people have a significant risk of  developing 
long-term problems and reporting impairments of  chronic 
ankle instability (CAI). One of  the commonly reported 
CAI impairments is pain; however, few studies have inves-
tigated pain as an outcome or used objective measures to 
test ongoing pain in people with CAI. Persistent pain is 
associated with low health-related functioning, expansion 
of  body representations in the brain, and changes in noci-
ceptive pathways (sensitization) 

Objective(s): To investigate if  there was a difference in 
response to balance perturbation and central processes in 
people with CAI, with or without ankle pain. The second 

aim was to investigate if  the presence of  self-reported ankle 
pain was associated with changes in pain provocation tests 

Design & Methods: Participants with CAI (CAIT≤24) 
were recruited into two groups; CAI with pain (n=29), CAI 
without pain (n=29). Participants filled out 3 questionnai-
res: Foot and Ankle Ability Measure (FAAM), International 
Physical Activity Questionnaire (IPAQ) short form, and 
general information about ankle sprain history. Primary 
measurements were recovery from inversion perturbation 
(sec), and limb laterality test (LLT, sec,% correct response). 
Secondary measurements were: foot lifts test, SEBT, choice 
stepping reaction time (CSRT), timed stair test (sec), and 
pain provocation (pressure pain threshold, PPT kPa/s; 
Conditioned pain modulation, CPT kPa/s). An indepen-
dent t-test was conducted to compare the demographic and 
tested measures 

Results: Reported pain was 3.0±1.47 on VAS (11 point 
scale). There were significantly lower CAIT (18.5±4.7 vs. 
22.3±2.7, p<001) and FAAM scores (70.3±15.4 vs. 
88.2±10, p<001) in participants with pain. No significant 
differences were found in any other measures. A post-hoc 
comparison indicated that participants with a VAS ≥5 
(n=7) made more errors in LLT (77.1±9.5 vs. 82.1±14), 
more foot lifts (20±7.3 vs.16.5±4.2), lower PPT in the 
tested leg (462.7±84 vs. 533±143) and forearm (227.2±51 
vs.334±108), and lower CPM (18.7±40.36 vs. 51±82.3) 
compared to participants with ˂5 in VAS (n=22) 

Conclusions: Participants with CAI and pain reported 
limited functional activities. Severity of  pain could play a 
major role in understanding the impact of  ankle pain in 
participants with CAI. Future studies should investigate the 
mechanism of  pain hypersensitivity to improve the strate-
gies of  managing ankle pain. 

P#18 - Effects Of  Chronic Ankle Instability On 
Venous Return In The Popliteal Vein  

Presenting Author: Syunya Nonoyama 

Authors & Affiliations: Syunya Nonoyama(1); Masafu-
mi Terada(1); Keisuke Senoo(1); Tadao Isaka(1) 

(1) Ritsumeikan University, Shiga, Japan 

Background: A previous investigation have identified a 
decline in cardiac performance in a longitudinal ankle 
sprain model. The soleus muscle is functionally important 
to maintain venous return and consequently cardiac per-
formance. A potential mechanism that could help to ex-
plain altered cardiac performance may be related to soleus 
dysfunction due to sensorimotor changes with ankle sprain. 
Existing literature suggests that soleus dysfunction contri-
butes to reduced venous retune. However, a study designed 
specifically to examine lower leg venous return in individu-
als with ankle injury is lacking. 
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Objective(s): Identify differences in venous return in the 
popliteal vein in individuals with and without chronic ankle 
instability (CAI). 

Design & Methods: Thirty-five participants with (n=18) 
and without (n=17) CAI participated in this study. The 
blood velocity and diameter of  the popliteal vein were 
measured with ultrasound in an upright standing, and 
venous blood flow volume (BFV-standing) was calculated 
using both variables. A 12cm-cuff  attached to the calf  was 
inflated to 100mmHg to empty venous return, and the 
reflux measurements were performed to quantify venous 
reflux velocity and volume when the cuff  was deflated 
rapidly. The ratio of  BFV-standing to reflux volume was 
calculated. Independent t-tests were performed to identify 
between-group differences in dependent variables. 

Results: There were significant differences in the ratio of  
BFV-standing to reflux volume between the CAI (1.29) and 
control groups (1.69) (p=0.045). No significant between-
group differences were observed in BFV-standing 
(p=0.650) and reflux volume (p=0.768). 

Conclusions: Participants with CAI demonstrated the 
greater ratio of  BFV-standing to reflux volume compared 
to controls. This result from our study indicates that CAI 
may relate to potential alterations in valves function within 
the popliteal vein. 

P#19 - Associations Between Plantar Flexor Mus-
culotendinous Stiffness And Jump Landing Stiff-
ness 

Presenting Author: Kyeongtak Song 

Authors & Affiliations: Kyeongtak Song, J.(1) Troy 
Blackburn (1), M. Spencer Cain (1), Kimmery Migel (1), 
Erik A. Wikstrom(1) 

(1) University of  North Carolina at Chapel Hill, USA 

Background: Previous evidence has demonstrated that 
individuals with chronic ankle instability (CAI) have altered 
sagittal plane biomechanics during a single limb jump lan-
ding. This altered landing strategy is thought to contribute 
to increase the risk of  reinjury. Musculotendinous stiffness 
(MTS) is a vital component of  joint stability and there is 
evidence to suggest that plantar flexor MTS is altered in 
those with CAI. However, the relationship between plantar 
flexor MTS and landing biomechanics in those with CAI is 
unknown. 

Objective(s): Our purpose was to quantify associations 
between plantar flexor MTS and measures of  lower extre-
mity landing stiffness in those with CAI. 

Design & Methods: Twenty individuals with CAI 
(20±1years,171±7cm,66±8kg,3±1ankle sprains,6±4 giving 
way episodes) volunteered. CAI inclusion criteria were in 
accordance with the International Ankle Consortium gui-
delines. Active plantar flexor MTS was estimated using the 

damped oscillatory method. Participants were seated on a 
custom-made loading platform and maintained the ankle 
in a neutral position via isometric contraction. Then, a 
perturbation was applied to produce the series of  oscillati-
ons of  the shank about the ankle in the sagittal plane to 
calculate torsional stiffness of  the plantar flexors. Single-
limb jump landings were performed from a 30cm box. 
Peak vGRF, overall and joint-specific landing stiffness mea-
sures were calculated. 

Results: Plantar flexion MTS was positively associated 
with peak vGRF (r =0.510, p=0.023), and ankle landing 
stiffness (r =0.495, p=0.026) during the single limb jump 
landing. No associations among plantar flexor MTS, knee 
and hip joint landing stiffness, or overall vertical landing 
stiffness were identified (p>0.05). 

Conclusions: Our findings suggest that reduced plantar 
flexion MTS is associated with decreased ankle stiffness 
and vGRF during a jump landing. This suggest that lower 
plantar flexor MTS may contribute to decreased dynamic 
joint stability in those with CAI. Future research is needed 
to identify therapeutic interventions that can improve 
MTS. 

P#20 - Tl Following Ankle Sprains In Youth, High 
School, And Collegiate Lacrosse Players In The Us 

Presenting Author: Avinash Chandran 

Authors & Affiliations: Avinash Chandran(1,2), Aliza 
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(6) Sports Medicine Assessment, Research & Testing (SMART) Laborato-
ry; George Mason University; Manassas, VA USA 

Background: Time loss (TL), defined as removal from 
activity for > 24 hours, is an important indicator of  sport-
related injury outcomes. TL can be informative in identi-
fying determinants of  injury severity, and subsequently in 
crafting tailored recovery programs for specific athlete 
cohorts. Ankle sprains are prevalent among lacrosse players 
in the US, and it is important to examine TL following 
ankle sprains in this population in order to better inform 
recovery strategies. 

Objective(s): Using youth data collected from 10 leagues 
in 5 US states, high school (HS) data extracted from the 
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National Athletic Treatment, Injury and Outcomes Net-
work, and collegiate data extracted from the National Col-
legiate Athletic Association Injury Surveillance Program, 
we explored TL resultant of  ankle sprains in US lacrosse 
players. 

Design & Methods: TL was examined dichotomously 
(yes/no) and ordinally (1-6 days;7-13 days;>13 days/sea-
son-ending). Prevalence of  TL injuries and distributions of  
ordinally measured TL duration were examined by sex 
(male/female), event type (practice/competition), injury 
history (new/recurrent), injury mechanism (contact/non-
contact stratified by sex), and level (youth/HS/college). 
Differential prevalence of  TL injuries, and differential 
distributions of  TL durations across explanatory variables 
were assessed using chi-squared tests. Multivariable logistic 
regression models (ordinary; ordinal) were fit to identify 
determinants of  TL, and of  longer TL duration. Statistical 
significance was evaluated at the 0.05 level; Odds Ratio 
estimates with 95% Confidence Intervals excluding 1.00 
were considered statistically significant. 

Results: Over half  (55.3%) of  all ankle sprains (n=181) 
were TL injuries. While 45.2% of  sprains in youth players 
resulted in TL, 57.6% of  sprains in HS players, and 57.3% 
of  sprains in collegiate players resulted in TL. Notably, 
54.0% of  competition-related sprains and 55.9% of  practi-
ce-related sprains resulted in TL. Prevalence of  TL injuries 
was higher in male players (62.1%), than in female players 
(47.7%). TL injuries were most commonly resultant of  
contact mechanisms (56.1%) in female players. Of  all TL 
injuries, 68.0% resulted in 1-6 days of  TL. Neither chi-
squared tests, nor logistic regression models, yielded statis-
tically significant results. 

Conclusions: The majority of  ankle sprains in US lacros-
se players resulted in TL, and the prevalence of  TL injuries 
was highest in collegiate players. While this study may have 
been underpowered to capture group-differences in TL, 
TL following ankle sprains among lacrosse players requires 
further study. 

P#21 - Examining Sex Differences In Recurrent 
Ankle Sprains In Youth, High School, And Collegi-
ate Lacrosse Players In The United States 
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Background: Ankle sprains are a prevalent sport-related 
injury, and the recurrence of  ankle sprains among athletes 
has also been previously shown to be common. This is true 
of  lacrosse players as well, and understanding patterns 
related to recurrent ankle sprains in lacrosse players will 
extend the existing knowledge surrounding ankle sprain 
etiology in this group. Furthermore, examining sex-diffe-
rences in recurrent sprain prevalence among lacrosse play-
ers will be important in informing tailored prevention stra-
tegies aiming to reduce the burden of  recurrent ankle 
sprains. 

Objective(s): The purpose of  this study was to describe 
the epidemiology of  recurrent ankle sprains, and examine 
sex-differences in the prevalence of  recurrent ankle sprains, 
among youth, high school (HS), and collegiate lacrosse 
players in the US during the 2014/15-2016/17 seasons. 

Design & Methods: This analysis used youth data col-
lected from 10 leagues in 5 US states (21 boys’ and 21 girls’ 
team-seasons), HS data extracted from the National Athle-
tic Treatment, Injury and Outcomes Network (22 boys’ 
and 15 girls’ team-seasons), and collegiate data extracted 
from the National Collegiate Athletic Association Injury 
Surveillance Program (22 boys’ and 15 girls’ team-seasons). 
Athletic trainers (ATs) reported practice and competition-
related injury data. Distributions of  recurrent ankle sprains 
were reported by injury characteristics (e.g., diagnosis, me-
chanism of  injury) and event type (i.e., practice, competiti-
on). Chi-squared tests examined sex-differences in the pre-
valence of  recurrent ankle sprains. 

Results: Overall, 181 ankle sprains were reported; 33 
(18%) were recurrent. The prevalence of  recurrent ankle 
sprains was higher among female players than male players 
(26%, n=22 versus 12%, n=11; Χ^2=5.94; p=0.02). Of  all 
ankle sprains (n=181), most were lateral ligament complex 
sprains (Males=71%, n=67; Females=85%, n=73); likewi-
se, within the recurrent injuries, lateral ligament complex 
sprains were the most common (Males=82%, n=9; Fema-
les=91%, n=20). Most recurrent ankle sprains occurred 
during practice (Males=55%, n=6, Females=86%, n=19), 
and were from a non-contact mechanism (Males:80%, 
n=8; Females=64%, n=14). Half  resulted in participation 
restriction time !24 hours (Males=55%, n=6; 
Females=48%, n=10). 

Conclusions: A larger proportion of  ankle sprains was 
recurrent among female versus male lacrosse players, high-
lighting potential variations in recurrence risk by sex. Alt-
hough many ankle sprains resulted in participation restric-
tion time <24 hours, research should examine prevention 
strategies to reduce recurrence, particularly for those oc-
curring during practice and from non-contact. 
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P#22 - Anodal Transcranial Direct Current Stimu-
lation With Eccentric Exercise Improves Neural 
Excitability & Dynamic Balance In Individuals 
With Chronic Ankle Instability 
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Background: High recurrence rates following ankle 
sprains have been attributed to changes in brain function, 
suggesting current rehabilitation is insufficient. Maladapti-
ve neuroplasticity-related changes in patients with chronic 
ankle instability (CAI) indicate decreased neural excitability 
potentially impairing joint stability. Anodal transcranial 
direct current stimulation (aTDCS) may increase excitabili-
ty of  intracortical neurons, facilitating long-term potentia-
tion-like changes and enhancing motor learning. This may 
provide an adjuvant therapy for rehabilitation, enhancing 
the ability of  strengthening to induce neural changes. The 
neuromodulatory interventions may therefore improve 
function in patients with CAI by correcting potentially 
maladaptive neuroplasticity. 

Objective(s): We aimed to determine the effects of  ec-
centric ankle strengthening with aTDCS or sham stimula-
tion on cortical and reflexive excitability and dynamic ba-
lance in individuals with CAI. 

Design & Methods: We implemented a randomized 
controlled trial design. Dependent variables included neu-
ral excitability to peroneus longus (PL) via Hoffmann reflex 
and transcranial magnetic stimulation (Motor Threshold, 
MT; I50); and postural stability indices (PSI’s) from a hop-
to-stabilization tested at baseline, week-2, week-4, and 
week-6. Twenty-two individuals with CAI (IdFAI>10) 
completed 10 sessions of  eccentric ankle evertor strengthe-
ning over four weeks with aTDCS (21.8±2.7yrs, 5M/6F) 
or sham aTDCS (22.3±3.1yrs, 3M/8F) over the motor 
cortex. The aTDCS group received 1.5mA of  cortical 
stimulation for 18-minutes; the sham group received 1-
minute of  stimulation. Differences were assessed with 
group-by-time factorial ANOVA (ɑ=0.05). 

Results: A significant time-by-group interaction was seen 
for MT (F=3.401, p=0.025). There was a significant de-
crease from baseline (aTDCS: 36.92±11.53%; Sham: 
36.67±12.74%) within sham (week-2: 27.86±14.69%, 
p=0.022) then increased (week-4: p=0.022, week-6: 
p=0.006); in aTDCS (week-6: 32.91±12.33%, p=0.024). 
Significant time-by-group interaction was seen for I50 
(F=5.290, p=0.003). A significant decrease from baseline 
(aTDCS: 51.97±6.47%; Sham: 51.11±11.27%) was obser-
ved at week-2 in sham (45.47±10.62%) then increased 
(week-4: p=0.019, week-6: p=0.001); and week-6 in aTD-
CS (47.42±5.63%, p=0.025). H-reflex showed no time-by-
group interaction (F=1.165, p=0.331). PSI’s demonstrated 

a significant time-by-group interaction (F=3.087, p=0.034) 
indicating decreases from baseline to week-6 in the aTDCS 
group (p≤0.026). 

Conclusions: These results indicate 4-weeks of  aTDCS 
with eccentric exercise increased cortical excitability and 
improved balance when compared to sham stimulation, 
suggesting aTDCS may be an efficacious adjuvant to CAI 
rehabilitation. These changes may reverse maladaptive 
neuroplasticity and subsequently improve function, war-
ranting further investigation into aTDCS in joint instability 
rehabilitation. 

P#23 - Running Mechanics During 1600 Meter 
Track Runs In Young Adults With And Without 
Chronic Ankle Instability 

Presenting Author: Mark Colapietro 

Authors & Affiliations: M Colapietro(1), JJ Fraser(2,3), J 
Resch(2), J Hertel(2)  

(1) Department of  Kinesiology, Pennsylvania State University, University 
Park, PA, USA.  

(2) Department of  Kinesiology, University of  Virginia, Charlottesville, VA, 
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Background: Altered kinematics and kinetics while run-
ning have been shown in patients with chronic ankle insta-
bility (CAI). These findings have been extensively re-
searched in laboratory studies either using a finite number 
of  strides on either short distance runways or treadmills. 
With the development of  wearable sensors, running me-
chanics can be analyzed in a more natural running envi-
ronment. Patients can now be observed outside of  a labora-
tory and these results can be compared to previous fin-
dings. 

Objective(s): To evaluate running kinematics and kinetics 
between runners with and without CAI throughout the 
loading response using wearable sensors during two 1600m 
track runs at different speeds. 

Design & Methods: 18 recreational runners (CAI: n=9, 
IdFAI: 21.9 ± 8.5, BMI: 27.3 ± 6.3; Healthy: n=9, IdFAI: 
0.3 ± 1.0, BMI: 22.8 ± 3.1) with a rearfoot strike pattern 
participated in the study. Running mechanics were collec-
ted using the RunScribeTM sensor, which is comprised of  
a triaxial accelerometer and gyroscope. Subjects ran 
1600m at a self-selected slow pace and 1600m at a self-
selected fast pace. Pronation velocity and excursion, impact 
g and braking g, and contact time were collected. Two 2x4 
ANCOVAs (covariate- BMI) were used to compare the 
groups at each lap (Q1, Q2, Q3, Q4) for both 1600m runs. 

Results: Significant group-by-lap interactions were identi-
fied for pronation excursion (p=0.046) and contact time 
(p=0.019) during the slow-paced run. The CAI group had 
less pronation excursion (group mean difference- Q1: 4.2°, 
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Q2: 5.2°, Q3: 5.2°, Q4: 5.6°) and greater contact time (Q1: 
4.5ms, Q2: 9.3ms, Q3: 15.7ms, Q4: 23.4ms). Group diffe-
rences were noted with the CAI group having higher im-
pact g (p=0.025). For the fast-paced run, significant group 
by lap interaction was observed for pronation excursion 
(p=0.002: Q1: 5.5°, Q2: 6.6°, Q3: 6.9°, Q4: 7.2°). 

Conclusions: Wearable sensors identified gait alterations 
among CAI patients in a field setting. Regardless of  speed, 
the CAI group demonstrated altered gait mechanics from 
the healthy group while running on an outdoor track. De-
creased pronation excursion was observed in the CAI 
group, which became more prominent as the distance ran 
increased. 

P#24 - Individuals With Cai Display No Differen-
ces In Dwell Time Or Average Peak Vertical 
Ground Reaction Force During A Drop Landing 
Unanticipated Cut Task In Shod And Non-Shod 
Condition. 

Presenting Author: Matthew Donahue 

Authors & Affiliations: Matthew Donahue PhD LAT 
ATC, Krizzel Galvez MS LAT ATC 

(1) Weber State University, College of  Health Professions, Ogden UT 
USA 

Background: Research indicates that ankle injury is more 
likely to occur during unplanned tasks and individuals with 
chronic ankle instability (CAI) may have postural control 
impairments further increasing the likelihood of  injury 
during athletic movement. Footwear(shod) condition has 
demonstrated altered ground reaction forces and sensiomo-
tor feedback when compared to barefoot(non-shod) condi-
tion. Currently, there is limited evidence on the effects of  
an unanticipated task comparing the shod vs non-shod 
condition in individuals with CAI. 

Objective(s): The purpose of  this study was to determine 
if  shod vs non-shod condition had an effect on dwell time 
and peak vertical ground reaction force during a drop 
jump landing unanticipated cutting task in individuals with 
or without CAI. 

Design & Methods: Thirty subjects participated(CAI 
n=12, Control n=9, Coper n=9) in this research laborato-
ry-based cohort study. Subjects preformed a drop landing 
and cut task onto a forceplate, cut direction was randomi-
zed and not displayed to the subject until they left the 30cm 
box, jump distance was standardized to half  of  the sub-
ject’s height. Subjects performed this task in the 
shod(standardized athletic shoe) and non-shod condition 
and 5 trials were collected in each direction and condition. 
Dwell time was defined as total time subject was in contact 
with force plate during the task, average peak vertical 
ground reaction force was also calculated. 

R e s u l t s : N o s i g n i fi c a n t c o n d i t i o n * g r o u p 
interaction(F(6,81)=.517 p=.794) or main effect for condi-

tion (F(3,81)=.911 p=.439)was found for dwell time. There 
was also no condition* group interaction(F(6,81)=1.783 
p=.113) or main effect for condition (F(3,81)=1.137 p=.
339)was found for average peak vertical ground reaction 
force. When cut direction was combined condition* group 
interaction(F(2,27)=3.072 p=.0.63) approached significan-
ce but there was no significant main effect for condition 
(F(1,27)=1.328 p=.259) average peak vertical ground reac-
tion force. 

Conclusions: While no statistical significance was noted 
for these variables, data visualization suggests CAI and 
Coper groups were more similar to one another than the 
control group. Further investigation and more detailed 
assessment of  3-dimensional kinematic data may reveal 
difference in both direction and footwear conditions bet-
ween CAI/Coper and control participants 

P#25 - Differences In Patient-Reported Outcomes 
Between Athletes With Time-Loss And Non-Time-
Loss Ankle Sprains 

Presenting Author: Ryan McCann 

Authors & Affiliations: Ryan McCann (1), Jamie Leg-
ner (2), Rafael Squillantini (3) 

(1) School of  Physical Therapy and Athletic Training, Old Dominion 
University, Norfolk, VA, USA 

(2) Sports Medicine Program, Children’s Hospital of  the King’s Daugh-
ters, Norfolk, VA, USA 

(3) School of  Physical Therapy and Athletic Training, Old Dominion 
University, Norfolk, VA, USA 

Background: Ankle sprains often lead to the develop-
ment of  chronic ankle instability, persistent neuromuscular 
impairments, and post-traumatic osteoarthritis. Insufficient 
care before return-to-sport likely contributes to prolonged 
dysfunction in athletes. As non-time-loss ankle sprains re-
ceive less care than time-loss ankle sprains, the effect of  
time-loss on long-term outcomes needs to be explored. 

Objective(s): To compare differences in ankle-specific 
and other injury-related patient-reported outcomes (PROs) 
between athletes with time-loss and non-time-loss ankle 
sprains at return-to-sport and 6-months post-injury. 

Design & Methods: In a cross-sectional cohort study, we 
recruited 27 high school and collegiate athletes with ankle 
sprains (F:9, M:18; 17.9±1.9yrs; 177.4±10.5cm; 
86.2±23.4kg). Participants completed the Foot and Ankle 
Ability Measure activity of  daily living (FAAM-ADL) and 
sport (FAAM-S) subscales, Cumberland Ankle Instability 
Tool (CAIT), Ankle Instability Instrument (AII), Identifica-
tion of  Functional Ankle Instability (IdFAI), Ankle Os-
teoarthritis Scale (AOS), Tampa Scale of  Kinesiophobia 
(TSK), and Athletic Injury Self-Efficacy Questionnaire 
(AISEQ) at the time of  return-to-sport and 6-months post-
injury. Participants were classified as time-loss if  their ankle 
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sprain caused restricted activity past the day of  injury. All 
others were classified as non-time-loss. 

Results: Independent t-tests indicated that participants 
with time-loss ankle sprains (n=17) had significantly greater 
FAAM-ADL (88.3±12.5% vs 76.7±13.2%, P=0.03) and 
CAIT scores (21.1±5.0 vs 16.3±6.5, P=0.04) at return-to-
sport and greater FAAM-S scores (95.5±8.7% vs 
86.1±12.0%, P=0.03) at 6-months post-injury compared to 
those with non-time-loss ankle sprains (n=10). Participants 
did not differ in any other PROs at either time point. A 
secondary Mann-Whitney U analysis indicated that parti-
cipants with time-loss ankle sprains had significantly more 
severe ankle sprains compared to those and non-time-loss 
ankle sprains (1.5±0.5 vs 1.0±0.0, P=0.04). 

Conclusions: Non-time-loss ankle sprains led to lower 
physical function and greater perceived instability at re-
turn-to-sport and 6-months post-injury compared to time-
loss injuries. Athletes with non-time-loss ankle sprains had 
worse PRO scores despite having less severe injuries, sugge-
sting that patient care was more pertinent to long-term 
outcomes than severity of  acute sequelae. 

P#26 - The Effect Of  Normalization Procedure On 
The Outcome Of  The Star Excursion Balance And 
Y-Balance Tests  

Presenting Author: Emily Hall 

Authors & Affiliations: Emily A. Hall, PhD, ATC; Isai-
ah Noel; Amanda J. Tritsch, Phd, ATC; Gregory Gutier-
rez, PhD. 

(1) University of  South Florida, Tampa, FL, USA 

Background: The Y-Balance Test (YBT) represents a 
validated, abbreviated version of  the Star Excursion Ba-
lance Test (SEBT), using only the Anterior, Posteromedial 
and Posterolateral directions to attain a similar assessment 
as all 8 directions of  the SEBT. To normalize these tests, 
the gold standard of  measuring the limb from the Anterior 
Superior Iliac Spine (ASIS) to the medial malleolus is used 
effectively, but alienates non-health professionals who could 
also use the test to screen their athletes. Developing an 
alternative normalization process that do not require ana-
tomical knowledge may assist non-clinicians (coaches, etc.) 
in utilizing this to dynamically assess ankle instability. 

Objective(s): The purpose of  this study was to assess the 
interchangeability of  the YBT and SEBT and the validity 
of  those tests with two different normalization procedures 
of  limb length and reach distances. 

Design & Methods: Participants (9 males, 11 females, 
20.5+/-1.4 years, 171.1+/-9.5cm, 71.1+/-14.3kg) with no 
current injury volunteered for this cross-sectional design 
study. Each participant completed three trials on dominant 
limb in the ANT, PL, and PM directions on both the YBT 
and SEBT. Order was counterbalanced. The SEBT was 
conducted with tape on floor, while the YBT used the ma-

nufactured test kit. The outcome measures were standing 
and seated height differences(SSHD), limb length(LL), and 
composite reach score normalized to SSHD and LL. Pear-
son Product-Moment Correlations were performed to eva-
luate validity comparing SSHD- vs LL-normalized SEBT 
& YBT, both within and between tests. 

Results: A significant, strong correlation (r=0.967, 
p=0.001) was found between SSHD (83.28±7.03cm) and 
LL (90.76±6.99cm). A significant, strong correlation 
(r=0.99, p=0.001) was also found between SEBT-SSHD 
(87.11±11.23) and SEBT-LL (79.81±9.70). Another signi-
ficant, strong correlation (r=0.99, p=0.001) between YBT-
SSHD (84.90±12.64) and YBT-LL (77.77±11.06). A signi-
ficant, moderate correlation (r=0.64, p=0.002) was found 
between YBT-LL (77.77±11.06) and SEBT-LL 
(79.81±9.70). A significant moderate correlation (r=0.68, 
p=0.001) between YBT-SSHD (84.90±12.64) and SEBT-
SSHD (87.11±11.23). The results indicate SSHD produ-
ced valid results suggesting this method can be used effecti-
vely by non-clinicians. Further, this demonstrates the YBT 
is a valid alternative to the SEBT for evaluating dynamic 
ankle stability. 

Conclusions: Taken together, these results indicate that 
the manufactured YBT test kit (which allows for accurate 
reading of  reach distances), along with a simplified norma-
lization procedure, may be implemented on a wider scale 
by any minimally trained person. 

P#27 - Kinematic Analysis Of  A Lateral Ankle 
Sprain Injury From A Televised Event In Tennis 

Presenting Author: Stavros Zangoulos  

Authors & Affiliations: Stavros Zangoulos (1), Kam-
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Background: Ankle ligament sprains are common within 
sport. Previous research into this area includes close to 
injury situations and cadaveric studies. However, the best 
way to study mechanisms of  injury is to look at real injury 
scenarios. This brings with it a   lot    of   issues   regarding  
 ethics   and    practicality. Model-Based Image-Matching is 
a method proposed to tackle these issues and provide accu-
rate kinematic analysis of  real injury cases from televised 
events. Till the present day, only 12 lateral ankle sprain 
injury cases have been studied across 4 journal articles, 
hence more research in this field is vital. 

Objectives: The objective of  the study was to investigate 
the injury mechanism responsible for the occurrence of  
lateral ankle sprains in tennis. To do this kinematic values 
were calculated to establish the mechanisms that occurred 
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during a sudden change of  direction and cutting manoeu-
vre. 

Design and Methods: The case study chosen was from 
an injury that occurred to a professional female tennis 
player who sustained a lateral ankle sprain in a major tour-
nament. Videos from 2 different camera views were con-
verted to AVI images before being merged and rendered 
into video sequences. The videos were synchronised and 
analysed using Poser 4, a 3D animation program. Tennis 
court dimensions were used to obtain a virtual environment 
and an exoskeleton was matched to the lower limb. Upon 
completion, this was put through a Matlab script to obtain 
kinematic results. 

Results: A combination of  high ankle inversion and in-
ternal rotation angles were immediately evident from foot 
strike with peak values of  33 and 94 degrees respectively. 
Plantarflexion was found to be low and   therefore not a 
mechanism of  injury. Angular velocity values were also 
obtained for comparison. Angular velocity values at peak 
inversion was 512 deg/s and for peak internal rotation 963 
deg/s. 

Conclusions: Ankle inversion and internal rotation were 
found as causes of  lateral ankle sprain injuries. However 
plantarflexion wasn't found as a contributor to lateral ankle 
sprains. Results obtained in this study could help in preven-
tative strategies like landing training so tennis players can 
land with a more neutral ankle orientation. 

P#28 - Physical Impairments And Quality Of  Life 
In Individuals With Ankle Osteoarthritis: A Cross-
Sectional Laboratory Study 

Presenting Author: Munira Al Mahrouqi 

Authors & Affiliations: Munira Al Mahrouqi(1,2), Bill 
Vicenzino(1), David MacDonald(3), Michelle Smith(1) 
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Background: Ankle osteoarthritis (OA) is a substantial 
problem affecting approximately 75 million people world-
wide. An improved understanding of  the impairments that 
characterise individuals with ankle OA is required for bet-
ter outcomes. 

Objective(s): To compare physical measures and patient-
reported outcomes between the following three groups: 1) 
symptomatic individuals with radiologically confirmed 
ankle OA, 2) asymptomatic individuals with radiologically 
confirmed ankle OA, and 3) asymptomatic individuals 
without radiologically ankle OA. 

Design & Methods: Study design: Cross-sectional study  
Methods: Ninety-six volunteers (31 symptomatic with ra-
diographic ankle OA, 41 asymptomatic with radiographic 
ankle OA and 24 asymptomatic with no radiographic ankle 

OA) with a mean age of  52.4 (standard deviation: 13.5) 
years participated in a physical testing session and comple-
ted a survey on general health, quality of  life (QoL), self-
rated function, pain, disability, kinesiophobia, ankle instabi-
lity and physical activity. 

Results: Results: Symptomatic individuals with ankle OA 
reported greater pain, disability, instability and kinesiopho-
bia, and lower self-rated function and QoL than asympto-
matic individuals with or without ankle OA (SMD ranging 
from 0.98 to 3.92). Muscle strength, range of  movement, 
and ambulatory function were significantly impaired in 
symptomatic individuals with ankle OA compared to 
asymptomatic individuals (SMD ranging from 0.6 to 8.9). 
Most patient-reported and physical outcomes were similar 
between asymptomatic individuals with and without ankle 
OA. Ankle symptoms group (Beta=-0.26, p=0.008) and 
stair ascent (Beta=-0.44, p=0.047) /descent time 
(Beta=-0.82, p<.001), were significantly associated with 
QoL. Ankle symptoms (Beta=-0.64, p<.001) and stair des-
cent time (Beta=-0.59, p=0.001) also explained patient 
reported function. 

Conclusions: Symptomatic ankle OA, but asymptomatic 
radiographically confirm ankle OA, negatively impacts 
physical outcomes, QoL and function. Timed stair descent 
is strongly associated with function and QoL in symptoma-
tic ankle OA. 

P#29 - An Examination Of  Femoral Articular Car-
tilage Changes Following A Competitive Season In 
Collegiate Rugby Players: A Prospective Observa-
tional Study 

Presenting Author: Miyuki Hori 

Authors & Affiliations: Hori Miyuki(1); Masafumi 
Terada(1); Tadashi Suga(1); Tadao Isaka(1) 

(1) Ritsumeikan University, Shiga, Japan 

Background: Lateral ankle sprain (LAS) has a significant 
negative impact on rugby players’ performance and long-
term joint health. Researchers have identified alterations in 
knee joint biomechanics and neuromuscular control, po-
tentially leading to early cartilage degeneration in the knee. 
Specifically, inadequate energy attenuation capability of  
the knee joint during functional tasks have been observed 
in individuals with LAS history, which can increase the 
knee joint compressive force. While the femoral cartilage 
had acute response to change its structure after physical 
activity, it is unknown if  LAS history associates with exerci-
se-related changes in the macrostructure and cartilage 
composition of  the femoral cartilage. 

Objective(s): Examine structural changes in femoral 
articular cartilage following the conclusion of  a competitive 
athletic season in a group of  collegiate rugby athletes with 
a previous history of  LAS. 
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Design & Methods: Ninety-seven male collegiate rugby 
players with LAS history underwent ultrasonography as-
sessments before (pre-season) and following (post-season) 
the competitive season. Femoral cartilage thickness was 
measured at the intercondylar notch and 1cm apart in the 
medial and lateral directions that were used as an estimate 
of  the medial and lateral condyle cartilage thickness. The 
cross-sectional area was calculated as an area of  cartilage 
between lateral and medial points where femoral cartilage 
thickness was measured. Echo intensity was evaluated the 
average gray-scale value across all pixels in the selected 
area. Paired-t tests were used to compare femoral cartilage 
variables between pre-and post-season. 

Results: There were significant differences in the follo-
wing ultrasonographic variables between pre-and post-
season: lateral condyle (p<0.001); intercondylar notch 
(p=0.008); the cross-sectional area (p<0.001); and histo-
gram mean (p=0.011). No differences in cartilage thickness 
of  the medial condyle (p=0.293) and histogram standard 
deviation (p=0.127) were observed between pre-and post-
season. 

Conclusions: Collegiate rugby athletes with LAS history 
decreased femoral cartilage thickness and histogram follo-
wing the competitive season, indicating LAS history may 
alter the macrostructure and composition of  the femoral 
cartilage. Further researches are needed to identify diffe-
rences in exercise-related changes in the femoral cartilage 
between those with and without LAS history. 

P#30 - Reliability And Assessment Of  Perceived 
Exertion Of  The Y Balance Test Using A 6-Trial 
Method 
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Authors & Affiliations: Alissa Strouse, Bethany A. 
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Background: The Y Balance Test (YBT) is a dynamic 
balance test used for lower extremity injury prediction. The 
YBT has been shown, previously, to be a valid and reliable 
tool in detecting dynamic balance. However, a three-trial 
(per each reach direction) method has been used in deter-
mining the reliability of  the YBT. Including more trials per 
reach direction may be more precise to be able to define 
the maximum reach distance (MRD) for each measure, 
while considering fatigue. By doubling the number of  trials 
recorded, one must consider if  perceived exertion may 
increase following the test. 

Objective(s): Firstly, the purpose of  the current investiga-
tion was to determine the inter-rater and intra-rater reliabi-
lity of  the YBT. Second, to determine if  a relationship 
exists between Ratings of  Perceived Exertion (RPE) and 
the MRD of  the YBT. 

Design & Methods: Eleven, healthy subjects. Two raters 
during two testing sessions two weeks apart. Six trials in 
each direction for each limb, composite score (COMP), 
normalized to limb length. Borg's RPE for change in per-
ceived exertion. Intraclass Correlation Coefficient (ICC) for 
inter-rater/intra-rater reliability. Spearman rho correlation 
between change in RPE and MRD. 

Results: Inter-rater reliability at initial for right COMP 
was ICC (3,k)= .988 and left COMP was ICC = .988, and 
at two-weeks for right COMP was ICC = .982 and for left 
COMP was ICC = .966. Intra-rater for rater 1 for right 
COMP was ICC = .939 and left COMP was ICC =.910 
and for rater 2 for right COMP was ICC = .903 and left 
COMP was ICC = .916. There was a significant correlati-
on between left (p=.032, r=.675) and right (p=.030, r=.
681) PM MRD relative to LL and change in RPE. 

Conclusions: Overall, YBT has excellent (>.9) inter-rater 
and intra-rater reliability. In this small cohort, on average, 
subjects reached MRD on the 4th of  6 trials. This leads us 
to question that if  we complete a 3-trial method, we may 
not accurately capture the MRD. 

P#31 - Prevalence And Perception Of  Ankle 
Sprains In College Students In Pakistan And The 
United States 

Presenting Author: Abbis Jaffri 

Authors & Affiliations: Abbis Jaffri, Revay Corbett, Jay 
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Background: Ankle sprains are considered to be the most 
common injury in sports and physically active individuals. 
40 % of  the people who have ankle sprain go on develo-
ping Chronic Ankle Instability (CAI). Ankle sprains are 
studied in depth in the developed countries however, there 
is a dearth of  knowledge regarding the prevalence, treat-
ment administered and people`s perception of  ankle 
sprains in developing countries such as Pakistan. Pakistan is 
the 5th most populated (220 million people) country of  the 
world with 60 % of  its population under age 30. 

Objective(s): To determine the differences in the preva-
lence, treatments applied following injury and perception 
of  ankle sprains in college students from Pakistan in com-
parison with college students of  the United States. 

Design & Methods: A cross-sectional study design was 
performed to determine different outcomes of  interest 
regarding ankle sprains. An online survey was administered 
concurrently between January 2019 to April 2019 in both 
countries. Ankle sprain epidemiology (prevalence, treat-
ment options) and literacy questions were asked in the sur-
vey. A total of  291 college-aged students (135 Pakistani and 
156 US) completed the survey. This is the first study to 
examine the ankle sprain prevalence and literacy in a de-
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veloping country such as Pakistan in comparison with the 
US 

Results: 49.6 % of  the US and 48.7 % of  the Pakistani 
college students self-reported a history of  ankle sprains. In 
both countries students most commonly reported to doc-
tors (43.48% US, 31.58% Pakistan) and physiotherapists 
(11.96% US, 10.53% Pakistan). However, Pakistani stu-
dents (10.53 %) also reported to musculoskeletal quacks 
(bone-setters). Most common treatments used were rest 
(13.50 %), ice (13.4 %) and elevation (10.77 %) in the US 
and rest (25 %), massage (17.07%) and medications (12.80 
%) in Pakistan. In terms of  health literacy, 95 % of  the US 
students think that one ankle sprain can lead to another but 
only 50 % of  the Pakistani students thought the same way. 
93.6 % of  the US students think that ankle sprain can re-
sult in chronic ankle instability, however, only 45.3 % of  
Pakistani students thought the same way. 

Conclusions: Although the prevalence of  the ankle 
sprains was similar in both countries (almost half  of  the 
college students self-reported) there were huge discrepan-
cies found in Pakistani students` health literacy. There were 
different treatment intervention used and it was surprising 
that people are still seeing quacks for ankle sprains in Pa-
kistan. 

P#32 - The Effect Of  Ocular And Leg Dominance 
On Single-Leg Balance 

Presenting Author: Kathy Liu 

Authors & Affiliations: Kathy Liu, PhD, ATC, Macy 
Dimmett, Alan Needle, PhD, ATC 

Background: Balance is a vital component of  everyday 
activity. Improved stability decreases the risk for falls and 
injuries. Maintaining stability incorporates stimuli from 
visual, somatosensory, and vestibular inputs. The various 
sensory inputs work together to detect the position of  the 
center of  pressure relative to the base of  support and send 
signals to the brain to make the necessary postural and 
joint corrections to maintain stability. Stability measures 
are often assessed between the injured and uninjured leg in 
patients with lower extremity injuries. These comparisons 
can be influenced by unintentional effects of  ocular and leg 
dominance. 

Objective(s): There are mixed results in the effect of  leg 
dominance on stability. No differences have been reported 
between eye dominance conditions. However, no studies 
have examined the interaction between ocular and leg 
dominance. The purpose of  this study was to examine the 
interaction of  ocular and leg dominance on stability. 

Design & Methods: This cross-sectional study included 
49 subjects (M:8, F:41, age: 20.1±1.6yrs, height: 
169.8±8.2cm, mass: 66.9±10.3kg). The experiment con-
sisted of  three 20 second static stance trials of  eight condi-
tions for a total of  24 randomized trials on a force plate. 

The conditions included standing on a single leg (domi-
nant/non-dominant) in four different eye conditions [both 
eyes-open (BO), both eyes-closed (BC), dominant eye-open 
(DO), non-dominant eye-open (NO)]. Average time to 
boundary (TTB) minima in the anteroposterior (AP) and 
mediolateral (ML) directions were calculated and a 2x4 
ANOVA was used to analyze the interaction of  ocular and 
leg dominance on TTB. 

Results: The ML component of  average TTB minima 
showed no significant interaction (F=0.892, p=0.447), but 
had significant effect of  eye (F=188.829, p<0.001) and leg 
(F=10.745, p=0.002) conditions. The BO condition had 
significantly better TTB minima and the BC condition had 
significantly worse TTB minima than any other eye condi-
tions. The non-dominant leg had significantly better TTB 
minima than the dominant leg. The AP component 
showed no significant interaction (F=0.603, p=0.614) or 
significant effect of  leg condition (F=0.101, p=0.752), but 
had a significant effect of  eye condition (F=82.602, 
p<0.001) with the BO condition significantly better TTB 
minima than any other eye condition. 

Conclusions: Single-leg balance on the non-dominant 
leg with both eyes-open resulted in better TTB minima. 
The TTB measures showed more instability in the ML 
direction compared to the AP direction. Since the foot is 
longer than it is wide, more ML adjustments must be made 
to maintain stability. 

P#33 - Physical Impairments And Quality Of  Life 
In Individuals With Ankle Osteoarthritis: A Cross-
Sectional Laboratory Study 

Presenting Author: Munira Al Mahrouqi 

Authors & Affiliations: Munira Al Mahrouqi(1,2), Bill 
Vicenzino(1), David MacDonald(3), Michelle Smith(1) 

(1) The university of  Queensland 

(2) Oman College of  Health Sciences 

(3) Griffith University 

Background: Ankle osteoarthritis (OA) is a substantial 
problem affecting approximately 75 million people world-
wide. An improved understanding of  the impairments that 
characterise individuals with ankle OA is required for bet-
ter outcomes. 

Objective(s): To compare physical measures and patient-
reported outcomes between the following three groups: 1) 
symptomatic individuals with radiologically confirmed 
ankle OA, 2) asymptomatic individuals with radiologically 
confirmed ankle OA, and 3) asymptomatic individuals 
without radiologically ankle OA. 

Design & Methods: Study design: Cross-sectional study  
Methods: Ninety-six volunteers (31 symptomatic with ra-
diographic ankle OA, 41 asymptomatic with radiographic 
ankle OA and 24 asymptomatic with no radiographic ankle 
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OA) with a mean age of  52.4 (standard deviation: 13.5) 
years participated in a physical testing session and comple-
ted a survey on general health, quality of  life (QoL), self-
rated function, pain, disability, kinesiophobia, ankle instabi-
lity and physical activity. 

Results: Results: Symptomatic individuals with ankle OA 
reported greater pain, disability, instability and kinesiopho-
bia, and lower self-rated function and QoL than asympto-
matic individuals with or without ankle OA (SMD ranging 
from 0.98 to 3.92). Muscle strength, range of  movement, 
and ambulatory function were significantly impaired in 
symptomatic individuals with ankle OA compared to 
asymptomatic individuals (SMD ranging from 0.6 to 8.9). 
Most patient-reported and physical outcomes were similar 
between asymptomatic individuals with and without ankle 
OA. Ankle symptoms group (Beta=-0.26, p=0.008) and 
stair ascent (Beta=-0.44, p=0.047) /descent time 
(Beta=-0.82, p<.001), were significantly associated with 
QoL. Ankle symptoms (Beta=-0.64, p<.001) and stair des-
cent time (Beta=-0.59, p=0.001) also explained patient 
reported function. 

Conclusions: Symptomatic ankle OA, but asymptomatic 
radiographically confirm ankle OA, negatively impacts 
physical outcomes, QoL and function. Timed stair descent 
is strongly associated with function and QoL in symptoma-
tic ankle OA. 

P#34 - Non-Linear Variability During Gait In Tho-
se With And Without Chronic Ankle Instability – A 
Preliminary Study 

Presenting Author: Gregory M. Gutierrez 

Authors & Affiliations: Gregory M. Gutierrez, PhD; 
Emily Hall, PhD, ATC; Amanda Tritsch, PhD, ATC.  

(1) University of  South Florida, USA 

Background:  Despite the significance of  chronic ankle 
instability (CAI) in public health, the etiology of  CAI has 
not been fully understood. The cause of  CAI is multidi-
mensional with deficits in reduced ankle proprioception, 
delayed reaction to inversion perturbation, impaired neu-
romuscular control, and poor balance control.  However, 
these deficits have not been consistently observed across 
individuals with CAI. The inconsistent findings suggest that 
those factors cannot fully explain the development of  CAI 
or whether those with CAI may be less adaptable than 
copers or controls. Therefore, identifying other etiological 
factors is critical to developing more effective assessment 
and treatment approaches for CAI.  

Objective(s):  The purpose of  this cross-sectional study 
was to examine measures of  non-linear (Sample Entropy & 
Lyapunov Exponent) movement variability in ankle inver-
sion/eversion between individuals with CAI, copers, and 
uninjured controls during gait. 

Design & Methods: Twelve participants provided writ-
ten informed consent and were grouped based on the gui-
delines endorsed by the International Ankle Consortium (6 
CAI, 4 Copers, and 6 controls). They walked on a Bertec 
instrumented split-belt treadmill at a speed they felt “com-
fortable walking at for 12 minutes”. Time-synchronized 
kinematic and kinetic data were collected continuously for 
all 12 minutes using an 8-camera Vicon Nexus motion 
capture system. Visual 3D software was used to calculate 
the joint angles, while custom Matlab software was used to 
calculate the non-linear variability measures. Due to the 
preliminary nature of  this work, only descriptive statistics 
were calculated. 

Results: Surrogation analyses revealed the data were 
deterministic, established via a rank-order test, indicating 
an assessment of  non-linear variability is valid. The False 
Nearest Neighbor and Average Mutual Information tests 
revealed the embedding dimension (3) and time lag (22), 
respectively, to be used in the analyses. For the Lyapunov 
Exponent, the CAI group was lower (0.082 ± 0.046) than 
those without CAI (Coper: 0.097 ± 0.046; Control: 0.099 
± 0.062). Similar trends were observed for the Sample 
Entropy, with the CAI group demonstrating lower values 
(0.40 ± 0.04) than those without CAI (Coper: 0.45 ± 0.09; 
Control: 0.47 ± 0.14). 

Conclusions: Increased entropy and decreased local 
stability in the movement pattern (quantified by the Lya-
punov exponent) may indicate that individuals without 
CAI demonstrate less regularity in their movement pat-
terns, indicating increased adaptability and readiness to 
manage unanticipated perturbations. Further work is war-
ranted to evaluate these measures in larger subject groups. 

P#35 - An Examination Of  Femoral Articular Car-
tilage Changes Following A Competitive Season In 
Collegiate Rugby Players: A Prospective Observa-
tional Study 

Presenting Author: Miyuki Hori 

Authors & Affiliations: Hori Miyuki(1); Masafumi 
Terada(1); Tadashi Suga(1); Tadao Isaka(1) 

(1) Ritsumeikan University, Shiga, Japan 

Background: Lateral ankle sprain (LAS) has a significant 
negative impact on rugby players’ performance and long-
term joint health. Researchers have identified alterations in 
knee joint biomechanics and neuromuscular control, po-
tentially leading to early cartilage degeneration in the knee. 
Specifically, inadequate energy attenuation capability of  
the knee joint during functional tasks have been observed 
in individuals with LAS history, which can increase the 
knee joint compressive force. While the femoral cartilage 
had acute response to change its structure after physical 
activity, it is unknown if  LAS history associates with exerci-
se-related changes in the macrostructure and cartilage 
composition of  the femoral cartilage. 
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Objective(s): Examine structural changes in femoral 
articular cartilage following the conclusion of  a competitive 
athletic season in a group of  collegiate rugby athletes with 
a previous history of  LAS. 

Design & Methods: Ninety-seven male collegiate rugby 
players with LAS history underwent ultrasonography as-
sessments before (pre-season) and following (post-season) 
the competitive season. Femoral cartilage thickness was 
measured at the intercondylar notch and 1cm apart in the 
medial and lateral directions that were used as an estimate 
of  the medial and lateral condyle cartilage thickness. The 
cross-sectional area was calculated as an area of  cartilage 
between lateral and medial points where femoral cartilage 
thickness was measured. Echo intensity was evaluated the 
average gray-scale value across all pixels in the selected 
area. Paired-t tests were used to compare femoral cartilage 
variables between pre-and post-season. 

Results: There were significant differences in the follo-
wing ultrasonographic variables between pre-and post-
season: lateral condyle (p<0.001); intercondylar notch 
(p=0.008); the cross-sectional area (p<0.001); and histo-
gram mean (p=0.011). No differences in cartilage thickness 
of  the medial condyle (p=0.293) and histogram standard 
deviation (p=0.127) were observed between pre-and post-
season. 

Conclusions: Collegiate rugby athletes with LAS history 
decreased femoral cartilage thickness and histogram follo-
wing the competitive season, indicating LAS history may 
alter the macrostructure and composition of  the femoral 
cartilage. Further researches are needed to identify diffe-
rences in exercise-related changes in the femoral cartilage 
between those with and without LAS history. 

P#36 - Kinematic, Kinetic And Electromyographic 
Analysis Of  Static Postural Balance Exercises 
Commonly Used During Injury Prevention And 
Rehabilitation Exercise Programmes For Indivi-
duals With Chronic Ankle Instability 

Presenting Author: Daniela S. Bossard 

Authors & Affiliations: Daniela S. Bossard (1), Clara 
Hynes (2), Cailbhe Doherty (3), Donal Holland (4), Gia-
como Severini (2), Eamonn Delahunt (1, 5) 
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Background: Lateral ankle sprains are one of  the 
most frequently incurred musculoskeletal injuries by 
individuals who participate in physical activities and 
sports. A substantial proportion of  individuals who 
incur a lateral ankle sprain injury develop persistent 
injury-associated symptoms and report frequent episo-
des of  “giving-way” of  their ankle joint; a key charac-
teristic feature of  chronic ankle instability (CAI). These 
injury-associated symptoms can impair sensorimotor 
function. Static postural balance exercises are common-
ly included as a central component of  injury preventi-
on and rehabilitation exercise programmes for indivi-
duals with CAI, with the primary purpose of  impro-
ving ankle joint sensorimotor function. However, to 
date, few studies have been undertaken to evaluate the 
kinetic, kinematic and muscle activity requirements of  
these exercises.  

Objective(s): We sought to evaluate the kinetic, ki-
nematic and muscle activity requirements of  four static 
postural balance exercises commonly used during inju-
ry prevention and rehabilitation exercise programmes 
for individuals with chronic ankle instability. This ana-
lysis could provide valuable insight into the sensorimo-
tor requirements of  different static postural balance 
exercises, as well as determining a sequence of  exercise 
progression for individuals with CAI. 

Design & Methods: Thirty individuals with CAI and 
30 matched non-injured controls participated. Partici-
pants performed four individual static postural balance 
tasks. These included: (1) double limb stance (DLS); (2) 
tandem stance (TS); (3) single-leg squat stance (SLSS), 
(4) and single-leg stance (SLS). Each of  static postural 
balance tasks was completed under four separate “cons-
traints” including: (1) hands free eyes open; (2) hands 
free eyes closed; (3) hands on hips eyes open; (4) hands 
on hip eyes closed. During the performance of  the 
static postural balance tasks we evaluated kinetics (CoP 
area), lower limb 3-dimensonal kinematics (joint RoM) 
and the activity of  5 superficial shank muscles (overall 
muscle activity; OMA).  

Results: We observed significant changes in CoP area 
across the static postural balance tasks (p< 0.01), with 
increasing demands from DLS to TS to SLSS to SLS. 
We observed significant differences in joint RoM across 
the static postural balance tasks with increasing RoM 
from DLS to TS to SLSS to SLS, particularly for the 
hip and ankle joints. Regarding OMA, we observed 
significant differences across the static postural balance 
tasks exercises (p<0.01), with OMA increasing from 
DLS to TS to SLSS to SLS. CAI participants perfor-
med the static postural balance tasks with greater 
OMA compared to control participants.  

Conclusion: We have established the kinetic, kinema-
tic and muscle activity requirements of  four static pos-
tural balance exercises commonly used during injury 
prevention and rehabilitation exercise programmes for 
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individuals with chronic ankle instability. Based on our 
analysis an objective sequence of  exercise progression 
would include transitioning from DLS to TS to SLSS 
to SLS. 

P#37 - Player Position- And Sport-Specific Star 
Excursion Balance Test Performance In Youth Eli-
te Handball Female Players. 

Presenting Author: Brice Picot 

Authors & Affiliations: Brice Picot(1,2,3), Jeanne 
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Background: The Star Excursion Balance Test is a relia-
ble test to assess the dynamic postural control of  the lower 
limb and screen athlete for injury risk. However, perfor-
mances on this test appear to be different according to 
sport, sex and level of  activity. Lower limb injuries such as 
ankle sprain and anterior cruciate ligament rupture are 
frequent in handball, especially in young female athletes. 
Handball also appears to be an asymmetric sport with 
major limb dominance and different physical profiles ac-
cording to field positions. There is currently no available 
data of  the performance on this test in this specific popula-
tion. 

Objectives: To investigate a large population of  young 
elite female handball players in order to create a specific 
database for the Star Excursion Balance Test performances 
in this sport. To compare performances according to limb 
dominance and player positions on the field. 

Methods and Measures: Two hundred and ten high 
(210) school elite females handball players completed the 
modified Star Excursion Balance Test (mSEBT). Means 
and standard deviations of  the mSEBT score were calcula-
ted for all (3) directions. The normalised reached distances 
(i.e. percentage of  limb length) for the anterior (ANT), 
posteromedial (PM) and posterolateral (PL) directions and 
the composite score (COMP) were obtained. Statistical 
analysis was used to compare score between player positi-
ons (i.e. wing, back players, pivots/line players and goal 
keepers) and limb dominance. 

Results: The overall population (mean age 16.8±0.9 years 
old) normalised scores were 65.2% (±=4.9), 109.9% (±6.5), 
107.1% (±6.4) and 94.1% (±4.9) for the ANT, PM, PL 
directions and COMP score respectively. No difference 
were found for the limb dominance, with 65.4% vs 65% in 
the ANT direction, 110,3% vs 109.5% for the PM directi-
on, 107% vs 107.2% for the PL direction and 94.2% vs 
93.9% in the COMP score for the dominant and non-do-
minant limb respectively. Regarding player positions, the 
Post Hoc analysis revealed that wing players were signifi-
cantly more performant in the PM direction compare to 
back players (p=0.03). 

Conclusion: This study provides new valuable and relia-
ble data on the mSEBT performances in young elite hand-
ball female players. Trainers and medical staff  could use 
those results to check for important imbalance in their 
players and teams. Further prospective studies are needed 
to establish cut-off  scores for injury risk in handball. 

P#38 - Effects Of  A Single Electrical Stimulation 
Strengthening Session Of  The Foot Medial Arch 
On Dynamic Postural Balance 

Presenting Author: Romain Tourillon 

Authors & Affiliations: Romain Tourillon(1,2,3), Boris 
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(2) School of  Physiotherapy, IFM3R, Nantes, France 
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Background: The intrinsic foot muscles (IFM) are key 
foot stabilizers and are part of  the active and neural com-
ponents of  the foot core system. Their anatomical inserti-
ons enable their role as dynamic sensors of  the foot medial 
arch and as such they contribute to dynamic postural ba-
lance. Subjects with flexible flat foot or foot pronation may 
fail to cope with increased balance challenges. Neuromus-
cular electrical stimulation (NMES) is a promising modality 
for IFM strengthening. However, to date, no studies have 
evaluated the effect of  a single NMES session on dynamic 
postural balance in pronators. 

Objective(s): To investigate the immediate effects of  a 
single NMES strengthening session of  the foot medial arch 
on dynamic postural balance using the modified Star Ex-
cursion Balance Test (SEBT) in subjects with a static foot 
pronation. 

Design & Methods: Forty-six healthy male and female 
volunteers with foot pronation (FPI >6) were randomly 
assigned to an experimental (n=23) or control (n=23) 
group. Participants in the experimental group received a 
single NMES strengthening session during 15 minutes on 
the dominant foot (abductor hallucis and FMA). Control 
group participants received a sham NMES (TENS) with 
similar modalities. Dynamic postural balance parameters 
were assessed pre- and post- intervention using the modi-
fied SEBT on dominant and non-dominant limbs. Reach 
distances were normalized to the respective stance-limb 
length in anterior (ANT), posteromedial (PM) and poste-
rolateral (PL) directions. A composite score (CS) was also 
calculated. 

Results: For the dominant foot between pre- and -post-, 
NMES improved CS significantly (101.1±8.3% vs 
103.4±8.5%, p<0.01) as well as in PM (104.7±8.4% vs 
107.5±7.7%, p<0.01) and PL direction (101.8±6.5% vs 
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104.5±7.0%), while there were no significant changes in 
the control group for SC (99.7±10.4% vs 100.4±10.9%, 
p>0.05), PM (103.5±5.6% vs 104.2±6.6%, p>0.05) nor PL 
direction (99.1±10.3% vs 99.7±10.4%, p>0.05).  
 
Both groups demonstrated significant improvement for the 
non-dominant foot in PL direction, (NMES group: 
101.3±7.5% vs 103.2±7.2%, p<0.01 and control group: 
98.4±9.3% vs 99.5±8.9%, p<0.05). No other significant 
changes were observed regarding ANT. 

Conclusions: A single NMES session of  the foot medial 
arch was effective at enhancing dynamic postural balance 
in subjects with foot pronation. This supports the primary 
role of  IFM electrical stimulation programmes in subjects 
with low arch for preventing dynamic postural control 
deficits. Inter-limb crossing of  NMES may also be conside-
red. 
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