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as a useful adjunct to the program to enable some of 
the exercises which cannot be done initially on land 
to be performed in the pool. For example, initially in 
this stage, the patient can run on land and begin a 
landing and jumping progression program, but uni-
lateral plyometrics are typically done towards the 
end of this stage (therefore minimizing the opportu-
nities to train explosive neuromuscular control and 
power under sport-specific movement demands). 
Thus, during the initial period of the stage, the 
patient can perform some of the high load exercises 
on land (e.g., bilateral plyometrics and unilateral 
landing drills) and the remainder in the pool (e.g., 
unilateral plyometrics, Figure 5). Practicing these 
unilateral plyometric exercises in the pool can sup-
port technique learning which can then be applied 
on land. It can also be used to manage the loading of 
the athlete when they commence high load exercise 
on land and support athletic conditioning on land 
by providing an opportunity to perform some of the 
work in the pool at lower loads (the pool will reduce 
impacts loading by around 50%).71,73 Aquatic therapy 
is typically used more sporadically in this phase to 
complement existing programs in conjunction with 

times body mass). Importantly, the athlete should 
not perform unilateral plyometrics in this stage, as 
they involve potentially dangerous knee joint loads, 
even if in water (ground reaction forces of 2-4 times 
body mass). See Table 1 for specific exercise content 
in this stage. Also see supplementary video 1 dem-
onstrating movement-based re-training in the pool. 

3. ‘Intense conditioning and fi eld 
preparation’ (late-stage rehabilitation)
Late-stage rehabilitation and pool training is an 
intense program designed to simulate sport-specific 
training on land to prepare for beginning sporting 
type movement training on the field. In addition, the 
athlete transitions to high load movements on land 
such as running, deceleration, jumping and land-
ing exercises, prior to being able to perform unilat-
eral plyometrics and multi-directional coordination 
exercises on the field. As such, the benefits of the 
pool are less dramatic as the majority of activity can 
be performed on land during this stage and aquatic 
therapy is less essential in this stage than during 
previous stages (and generally not required in non-
professional athletes). However, the pool can used 

Figure 5. Unilateral plyometric exercise involving forward A, step off from step, B, landing followed by immediate jump and 
C, single leg stabilisation on box and lateral drop jumps (D, step off, E, landing and jumping transition and F, lateral landing on 
step). 
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land based ACL functional recovery programs that 
consists of 1) post-operative pool; 2) movement and 
CV conditioning; 3) intense conditioning and field 
preparation and 4) recovery pool. 
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4. Recovery pool - (RTS training)

During the on-field rehabilitation process athletes are 
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SUMMARY 
The properties of water (buoyancy, density, hydro-
static pressure and viscosity) can be utilized to 
implement an aquatic therapy program, which if 
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ABSTRACT

Flywheel training is a relatively new method used to train the human body with continuous resistance and 
eccentric overload. The performed exercises result in improvements of strength and power, hypertrophy, 
muscle activation, muscle length, and tendon stiffness. Other positive effects of flywheel training are ath-
letically relevant improvements in things such as speed, jump height and change of direction. The positive 
results can be explained by the eccentric and power characteristics of the training, making flywheel train-
ing ideal for use in musculoskeletal rehabilitation. Flywheel training can be used for injury prevention, 
training after a period of unloading, tendon and muscle rehabilitation, as part of post-operative rehabilita-
tion, during late stage sport specific rehabilitation as well as for fall prevention and treatment of sarcopenia 
among elderly. The purpose of this commentary is to inform physical therapists about the use of flywheel 
training in musculoskeletal rehabilitation.

Keywords: eccentric overload, flywheel training, power training, rehabilitation, tendinosis, movement 
system
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INTRODUCTION
Flywheel training is a relatively new training 
method used by physical therapists. The positive 
effects of flywheel training in fitness and training 
are well documented and multiple reviews have 
been written.4,5,6,7,8,9 However, flywheel training has 
received scant attention in the rehabilitation and 
sports physical therapy literature. This clinical com-
mentary will address the value of flywheel training 
in musculoskeletal rehabilitation.

A flywheel is heavy wheel, measured in inertia, that 
needs externally applied force to spin around. The 
force required to set it spinning is also needed to 
make it stop. When a flywheel is spinning at high 
speed, it will keep spinning because of the angular 
momentum it has. This means it can store kinetic 
energy like a battery. The heavier and larger the fly-
wheel, the more energy it can store. Speed is key in 

flywheel training. A flywheel that spins faster stores 
much more energy than one that spins slower. A 
variety of different flywheel devices are used in 
training settings, for instance boxes and pulleys 
(figure 1). It is important that those devices have 
minimal friction by the rope to maintain high speed. 
The axis of the device has to be relatively big and 
light to keep the kinetic energy stored. The athlete 
or patient needs to move to keep the flywheel spin-
ning and will do so by using his or her strength and 
power. Power training using a flywheel is an explo-
sive way of training by which muscles will contract 
at maximum force in minimum time.

The use of a flywheel device for muscle training 
goes back to 1913 when Swedish researchers pub-
lished regarding the physiology of muscles using a 
bicycle ergometer with a flywheel for resistance.1,2 
In 1994 other exercise physiology scholars from 

Figure 1. Flywheel pulley (above) and fl ywheel box (below).
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individuals after performing flywheel training.7 
According to Maroto-Izquierdo et al.7 compared with 
weight resistance training, flywheel training results 
in greater improvements in muscle power, muscle 
hypertrophy, and athletically relevant elements 
such as vertical jump height and running speed.7

When using flywheel training in musculoskeletal 
rehabilitation, it is important for the therapist to 
know the physiology behind the exercises in order 
to optimize the benefits. This way the therapist 
can make better informed decisions, resulting in 
improved outcomes for the patient. So why does 
flywheel training give good results? Power training 
and eccentric overload training are two character-
istics of flywheel training that can explain the posi-
tive results found in scientific research. The ability 
to train with high speed and high power implies that 
the exercises closely resemble many functional and 
athletically relevant movements. Flywheel training 
makes use of the stretch-shortening cycle, leading 
to, compared with weight resistance training, greater 
efficiency in the stretch-shortening cycle, higher 
specificity and enhanced adaptation during rehabili-
tation.8,9 Another noteworthy physiological change 
that has been documented after flywheel training 
is the hypertrophy of type II muscle fibers.9 Impor-
tantly, the described effects occur without triggering 
pain in patients with a musculoskeletal injury.8

Skeletal muscle shows increased peak torque dur-
ing eccentric movement compared with concentric 
movement.9,10 The explanation for the increased peak 
torque during eccentric movement can be found in 
the two-state cross bridge model.10 Actin and myo-
sin cross bridges will quickly detach and reattach 
and thick filaments will rearrange.10 The giant titin 
protein, an additional filament in muscles, plays an 
important role during eccentric contraction by cre-
ating stiffness in the muscles.10 This eccentric action 
is highlighted during flywheel training, resulting in 
an eccentric overload when performing exercises.5,7

Exercises with eccentric overload activate various 
genes that trigger protein functions, for instance 
protein synthesis and sarcomerogenesis.11 Higher 
intra-muscular pressure during eccentric move-
ments (compared to concentric movements) leads 
to hypoxia, which enhances gene expression.11 The 

Sweden developed and validated a flywheel ergom-
eter to prevent muscle atrophy and loss of strength 
by astronauts in space.3 Because flywheel training 
is gravity independent, it has been used for resis-
tance training by astronauts in space ever since.4 
The gravity-independent character of flywheel exer-
cises results in continuous resistance and eccentric 
overload. This isoinertial type of resistance facili-
tates optimal muscle force generation throughout all 
the angles of a movement. Improvements in muscle 
strength are experienced throughout the full range 
of motion. In addition, greater eccentric muscle acti-
vation occurs during flywheel training compared 
with normal weight training.5 The purpose of this 
commentary is to inform physical therapists about 
the use of flywheel training in musculoskeletal reha-
bilitation. To this end, the effects of flywheel train-
ing and the physiology behind these positive effects 
are summarized. Second, the use of a flywheel in 
prevention and rehabilitation of musculoskeletal 
injuries will be discussed.

TRAINING EFFECTS
A vast amount of research has shown that flywheel 
training is effective in increasing strength, hyper-
trophy, muscle activation, muscle length, ten-
don stiffness and power.4,5,6,7,8,9 In addition to these 
physiological benefits, flywheel training results 
in athletically relevant improvements. Increases 
in speed, jump height and change of direction are 
documented in a number of scientific articles.4,7,9 

A review by Tesch et al.4 described the benefits of 
flywheel training for healthy individuals, athletes, 
astronauts, elderly, musculoskeletal and neurolog-
ical patients as well as how it can assist in injury 
prevention among athletes.4 One of those benefits is 
that compared with weight training, flywheel train-
ing has demonstrated greater global EMG activity 
and greater muscle use, as measured by functional 
magnetic resonance imaging (fMRI).4 Another ben-
efit identified in the review is the improvement of 
the post-activation potentiation (PAP) phenomenon, 
which refers to athletes improving in speed dur-
ing their sports activity shortly after performing a 
bout of flywheel exercise.4 A systematic review and 
meta-analysis by Maroto-Izquierdo et al.7 provides 
more detailed information regarding the adaptations 
that occur in muscle tissue of healthy and trained 
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Achilles tendon and patellar tendon both react 
positively to eccentric training,10 shoulder rotation 
eccentric training is effective for subacromial pain 
syndrome,16 and eccentric training improves out-
comes in patients with lateral and medial epicondy-
losis.17 Although the majority of studies focus on the 
benefits of eccentric training on tendinosis, heavy-
slow resistance training and a combination of eccen-
tric and concentric training have also been shown to 
have positive effects.18 According to the findings of 
Maliaras et al.19 in their systematic review, there is 
not enough evidence for isolating the eccentric com-
ponent during the rehabilitation of tendinosis, there-
fore, it has been suggested to use exercises with both 
a concentric and eccentric component.19 This makes 
flywheel training that has both concentric action 
and eccentric overload an ideal choice for tendino-
sis rehabilitation. Tesh et al.4 and Gual et al.8 suggest 
that flywheel training can play a big role in tendon 
rehabilitation.4,8 The positive outcomes occur with-
out triggering complaints caused by the tendinosis.8 

For example, flywheel squats improve the quality of 
patellar tendon and Achilles tendon, indicated by an 
increase in the cross-sectional area of the tendon.20,21

When examining the positive training effects of 
flywheel training, it is evident that it is an effec-
tive tool for muscle injury rehabilitation. The gains 
in strength, hypertrophy, muscle activation and 
muscle length will lead to positive adaptations and 
muscle healing. To use the example of rehabilitation 
after a calf muscle strain, flywheel training can be 
used by performing squats and lunges in the second 
week after the onset of the injury. Flywheel squats 
have been shown to lead to structural adaptations 
in the gastrocnemius muscle.21 Calf raises as a fly-
wheel exercise can be performed in the proliferation 
and reorganization stages of the healing process for 
calf muscles. Thus, traditional early rehabilitation 
and flywheel training in combination with strength 
training and functional exercises could result in 
enhanced outcomes in patients after calf strain.22,23

Another group of patients that can benefit from fly-
wheel training are those after surgery, when atro-
phy and loss of muscle strength occurs rapidly. For 
example, in rehabilitation after anterior cruciate 
ligament reconstruction, patients need quadriceps 
strength and muscle power to be able to walk, run 

activated protein functions result in changes at the 
cellular level like membrane biosynthesis, stress man-
agement by stress-responsive genes, repair, growth 
and remodeling.11 Additionally, there will be less acti-
vation of myostatin and more activation of the IGF-
growth factor.11 Gene activation followed by enhanced 
protein and cellular functions leads to recovery and 
adaptation of the trained muscles.11 Muscles will 
become stronger, thicker, faster and more powerful. 
Eccentric contractions produce high forces with low 
energy costs and result in positive outcomes, making 
them well suited for training and rehabilitation.10

REHABILITATION
Flywheel training is used by astronauts in space to 
prevent muscle atrophy and loss of strength, as men-
tioned earlier.3 Other researchers have shown that 
flywheel training is effective to mitigate the nega-
tive effects of unloading, for instance after a period 
of bed rest or casting.4

Prevention of musculoskeletal and sports injuries 
is another potential objective of flywheel train-
ing.4,12,13,14 The main goal of the use of this type of 
training is to decrease injury risk factors. Several 
studies have shown the positive effects of flywheel 
training on injury prevention.12,13,14 In two differ-
ent studies, soccer players performed a ten-week 
program of flywheel exercises (squat and leg-curl) 
and experienced a significant decrease in lower 
limb muscle injuries during the season.12,13 Another 
study, which compared volleybal players who per-
formed a six-week program of flywheel training 
compared with those who performed body weight 
exercises showed that flywheel training group expe-
rienced positive adaptations (improved tuck jump 
assessment and valgus scores, improved hamstring 
concentric and eccentric peak torque, and improved 
repeated shuttle sprint ability) that can decrease the 
risk of hamstring and Anterior Cruciate Ligament 
(ACL) injuries.14

A variety of training methods have been proven to 
be effective in the treatment of tendon injuries and 
are commonly used by therapists.15,16,18,19 Eccentric 
training for injured tendons leads to a reduction in 
pain, decreased stiffness in the tendon, increased 
neovascularization, enhanced neuroplasticity, and 
increased shielding of muscles.10,15,17 For example, 
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reactivity. Strength, power and reactivity are all 
important for the elderly to keep them moving func-
tionally, prevent them from falling, and maintain 
muscle health.26

It is recommended that flywheel training with the 
elderly and patients with musculoskeletal injuries 
be conducted once or twice a week with low inten-
sity, low speed and medium inertia in the beginning 
of the rehabilitation and training.4,26 When elderly 
and patients perform the exercises in a well-coor-
dinated manner and hardly experience any pain, 
intensity and speed can be increased.4,26 As inertia is 
increased, the training focuses more on strength and 
hypertrophy, while lower inertia and higher speed 
results in more explosive training sessions with 
higher power outputs. Four sets of eight to twelve 
repetitions with 90 to 120 seconds of rest between 
sets is preferable.4,26 The therapist can choose to 
change these training variables depending on the 
site of the injury, phase of rehabilitation, amount of 
pain, and objectives of the training.4,26

CONCLUSION
This clinical commentary provides an overview for 
physical therapists regarding the scientific evidence 
and practical implications of flywheel training in mus-
culoskeletal rehabilitation. Flywheel training results 
in numerous and varied improvements in muscles, 
tendons and other connective tissue. Improvements 
in strength, hypertrophy, muscle activation, muscle 
length, tendon stiffness, power, and athletically rel-
evant performance have all been documented. Such 
outcomes make flywheel training ideal for muscu-
loskeletal rehabilitation. This commentary under-
scores the important role that flywheel training can 

and jump again.24 Flywheel training addresses both 
strength and power and can be used in most stages 
of rehabilitation together with mobility and stabil-
ity exercises, neuromuscular training, plyometric 
exercises, running drills and athletically relevant 
tasks.24,25 

Late-stage rehabilitation of musculoskeletal injuries 
requires training of the kinetic chain and explo-
sive power training. Flywheel training will address 
both and can therefore be used for different injuries 
when return to sports or work is needed.26 Comple-
mentary to flywheel training, training methods such 
as plyometrics, olympic weightlifting and running 
drills can be used in this phase of rehabilitation. One 
can think of shoulder rehab using the flywheel pul-
ley or knee rehab using the flywheel box. Exercises 
that are task and sport specific are required to gain 
optimal results. For example, a field-hockey player 
in late-stage rehabilitation after an anterior cruci-
ate ligament reconstruction can perform flywheel 
box exercises such as squats and lunges, which are 
closely related to field-hockey movements and can 
improve aspects of the neuromuscular system.14,24,26 

An other example would be a tennis player with 
rotator cuff injury who can benefit from sport-spe-
cific exercises such as flywheel pulley exercises 
mimicking a tennis backhand, which can improve 
functional outcomes benefiting return to play.16,26 

Last but not least, the elderly can benefit from fly-
wheel training.4 To prevent and treat sarcopenia, 
flywheel training can be used for the whole body.4 

For example squat exercises using the flywheel box 
or core rotations using the flywheel pulley. Fall pre-
vention is another aim for which to use a flywheel 
device.4 Flywheel training will strengthen mus-
cles and improve muscle power as well as muscle 

Table 1. Information on manufacturers and costs of varied types of Flywheel 
equipment.
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play in tendon rehabilitation. Prevention and reha-
bilitation of muscle and joint injuries and training of 
fragile elderly are other applications for which fly-
wheel training can be used. Additional studies are 
required to draw definite conclusions about the use 
of flywheel training in general musculoskeletal and 
post-operative rehabilitation .
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competition in collegiate runners with running-related injuries: 
a case series
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Objective: Collegiate distance runners often train year-round 
with high acute and chronic running loads in order to maintain 
a competitive level throughout the entire competition year. It is 
common for these runners to exceed weekly running volumes 
of 40 miles per week. For injured runners, following traditional 
return to run protocols that adhere to the “10% rule” of weekly 
progression can take up to 16 weeks to reach their competitive 
training volumes. Yet, there is a lack of evidence to support 
expedited running progression programs for injured runners. 
The objective of this report is to describe positive outcomes in 
injured, collegiate distance runners who adhered to expedited 
running progressions using a patient-centered running journal. 
Methods: This study utilized a case series design. One physical 
therapist (PT) with five years of clinical experience, including 
one year of sports PT residency training, evaluated and treated 
all runners. Four collegiate Division I distance runners with per-
sistent running-related injuries (RRIs) progressed weekly run-
ning volumes using the Running Individualized Progression 
with Evaluative Modification (RIPEM) journal. The PT used the 
RIPEM to evaluate individual responses while guiding acute and 
chronic workload progression. 
Results: Runners increased running volumes by 24.8 ± 16.4% per 
week (excluding deload weeks). All runners successfully returned 
to weekly running volumes of 33-50 miles per week in 6-12 weeks, 
including return to competition in their respective events. 
Conclusion: Guided, expedited running progressions using the 
RIPEM allowed collegiate distance runners to progress running 
volumes and return to competition at a faster rate than tradi-
tional running progressions using the “10% rule.” 
Clinical implications: Sports PTs should consider using the 
RIPEM to guide collegiate distance runners in expedited return 
to run protocols.

102
Running kinematics differ between male and female runners 
with ITBS

Bramah C1,2, Preece SJ1, Gill N1, Herrington L1

1 School of Health Sciences, University of Salford, Salford, UK
2 Manchester Institute of Health & Performance, Manchester, 
UK

Objective: To investigate whether running kinematics differ 
between male and female runners with iliotibial band syndrome 
(ITBS) and injury free controls. 
Methods: Seven male and 7 female runners diagnosed with 
ITBS and 14 injury free controls (7 males, 7 females) partici-
pated in this study. A 12-camera Qualysis Oqus system recorded 
3D running kinematics as participants ran on a treadmill at 
3.2m/s. One-way analysis of variance (ANOVA) compared dif-
ferences in 3D running kinematics between groups. 

Results: Both male and female ITBS runners demonstrated sig-
nificantly greater contralateral pelvic drop when compared to 
controls. Female ITBS runners also demonstrated significantly 
greater hip adduction and transverse plane pelvis rotation dur-
ing stance phase of running when compared to the male ITBS 
and control group. Male ITBS runners demonstrated a signifi-
cantly more extended knee at initial contact when compared to 
the female ITBS and control group. 
Conclusion: Males and female runners with ITBS demonstrate 
differences in running kinematics. In particular female runners 
with ITBS demonstrate greater kinematic deficits at the hip and 
pelvis when compared to male runners with ITBS and controls 
while male runners demonstrate differences in knee kinematics 
at initial contact. 
Clinical implications: Based on these results, clinicians should 
consider potentially different mechanical patterns influencing 
ITBS development amongst male and female runners. Manage-
ment and rehabilitation strategies may need to be varied accord-
ing to sex and the associated kinematic patterns.

103
Self-dosed versus pre-determined progressive heavy-slow resis-
tance training for individuals with plantar fasciopathy: a ran-
domised clinical trial

Riel H1, Jensen MB1, Olesen JL1, Vicenzino B2, Rathleff MS1,3

1 Center for General Practice at Aalborg University, Aalborg, 
Denmark
2 The University of Queensland, School of Health and Rehabili-
tation Sciences: Physiotherapy: Sports Injury Rehabilitation and 
Prevention for Health, Brisbane, Queensland, Australia
3 Center for Sensory-Motor Interaction (SMI), Department of 
Health Science and Technology, Faculty of Medicine, Aalborg 
University, Aalborg, Denmark

Objective: The aim was to compare the efficacy of a self-dosed 
versus a pre-determined heavy-slow resistance training (HSR) 
programme in improving the Foot Health Status Questionnaire 
(FHSQ) pain score in individuals with plantar fasciopathy. 
Methods: We recruited 70 participants with plantar fasciopathy 
for this prospectively-registered (NCT03304353), participant-
blinded, superiority trial. Participants were randomised to a self-
dosed or pre-determined 12-week HSR programme of heel 
raises. The self-dosed group performed as many sets as possible 
at 8RM guided by perception of symptoms, whereas the pre-
determined group followed a standardised protocol. Primary 
outcome was FHSQ pain. Secondary outcomes included a 
7-point Global Rating of Change (GROC) dichotomised to 
“improved” or “not improved”, Patient Acceptable Symptom 
State (PASS), and training sessions performed. 
Results: There was no between-group difference in FHSQ pain 
after 12 weeks (adjusted mean difference: -6.9 points, 95%CI: -15.5, 
1.7, P=0.115) and both groups had similar clinically important 
improvements. According to GROC, 24/33 (72.7%) in the self-
dosed group and 20/32 (62.5%) in the pre-determined group 
achieved improvement. 3/35 (8.6%) in the self-dosed group and 
1/35 (2.9%) in the pre-determined group achieved PASS. Both 
groups performed an equal number of trainings sessions (P=0.412). 
Conclusion: There was no significant or clinically relevant differ-
ence between self-dosed and pre-determined HSR programmes. 
Both were associated with similar response over 12 weeks, which 
was not sufficient to achieve acceptable symptom state. 
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Clinical implications: Loading programmes for tendinopathies 
are usually pre-determined, but our findings suggest there is no 
need for a standardised programme in patients with plantar fas-
ciopathy. HSR provides clinicians with an alternative to other 
conservative treatments, but the effect compared to wait-and-see 
and less time-consuming treatments need to be established.

104
Implementing a school prevention program to reduce injuries 
through neuromuscular training (isprint): a cluster-randomized 
controlled trial

Emery CA1,2, van den Berg C1, Richmond S3, Palacios-Derfling-
her L1,3, McKay CD4, Doyle-Baker PK1, McKinlay M5, Toomey 
CM1,6, Nettel-Aguirre A2,6, Hagel B2,6

1 Sport Injury Prevention Research Centre, Faculty of Kinesiol-
ogy, University of Calgary, Calgary, Canada
2 Department of Pediatrics and Community Health Sciences, 
Cumming School of Medicine, University of Calgary, Calgary, 
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3 Public Health Ontario, Health Promotion, Chronic Disease and 
Injury Prevention, Toronto, Canada
4 Faculty of Health, University of Bath, Bath, UK
5 Ever Active Schools, Calgary, Canada
6 Alberta Children’s Hospital Research Institute, University of 
Calgary, Calgary, Canada

Objectives: To evaluate the effectiveness of iSPRINT, a school-
based program to reduce injury rates (IR) through neuromuscu-
lar training (NMT), in junior high school physical education 
(PE), in reducing the rate of sport and recreational (S&R) 
injuries. 
Methods: This is a cluster-randomized controlled trial. Students 
were recruited from 12 Calgary junior high schools (2014-2017). 
iSPRINT is a 15-min NMT warm-up including aerobic, agility, 
strength, and balance exercises. Following a teacher workshop, 
teachers were asked to implement iSPRINT (N=6) or a stan-
dard-of-practice warm-up (N=6) at the beginning of PE classes 
for 12 weeks. Injuries included those that resulted in the inabil-
ity to complete a session, time loss and/or medical attention. 
Incidence rate ratios (IRR) were estimated based on multivari-
able Poisson regression analyses [adjusting for sex (considering 
effect modification), previous injury, and clustering by class, 
offset by S&R participation hours] for intent to treat analyses. 
Results: 1,067 students (ages 11-16) were recruited across 12 
schools (53.7% female, 46.3% male). The iSPRINT program was 
protective of all S&R injury for females (IRR=0.53, 95% CI; 
0.32-0.89) but not males (IRR=0.85, 95% CI; 0.42-1.71). The 
iSPRINT program was also protective of lower extremity (LE) 
injuries (IRR=0.38, 95%CI; 0.22-0.66) and medical attention 
injuries (IRR=0.28, 95% CI; 0.14-0.53) for females but not males 
for LE injuries (IRR=0.16, 95% CI; 0.47-2.38) or medical atten-
tion injuries (IRR=0.63, 95% CI; 0.25-1.62). 
Conclusion: The iSPRINT NMT warm-up was effective in pre-
venting all injury, lower extremity injury, and medically treated 
S&R injuries in female junior high school students but not 
males. 
Clinical implications: A NMT warm-up program is recom-
mended as best practice for injury prevention in youth S&R. 
Physical therapists are ideally positioned to provide leadership 
in delivering teacher/coach NMT injury prevention workshops 
that will have significant impact.

105
What is the impact of anterior cruciate ligament injury on levels 
of physical activity, sport participation, and other health out-
comes in young females?
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Objective: To evaluate differences in levels of physical activity 
(PA), sport participation, and other health outcomes between 
female youth and young adults with a previous anterior cruciate 
ligament (ACL) injury, at 1-2 years following reconstruction and 
uninjured age-and-sport-matched controls. 
Methods: Participants in this historical cohort included 51 
females with primary unilateral ACL reconstruction (ACLR) for 
a sport-related ACL injury in the previous 1-2 years and 51 age-
and-sport-matched controls. Outcomes included: objectively 
measured PA (GT3X accelerometers); previous/current sport 
participation and return to sport (RTS); body mass index (BMI); 
Knee Injury and Osteoarthritis Outcome Score (KOOS); Triple 
Single Leg Hop (TSLH); and One Leg Rise (OLR). Multivariable 
linear regression (clustered by pair) examined whether ACLR 
females had lower levels of PA participation and poorer health-
related outcomes than age-and-sport-matched controls. 
Results: Participant median age was 17.8 years (range, 14-22 
years). In the injury group, 28 (54%) had RTS, 14 (27.5%) at 
performance level. Across both groups, over 1/3 changed their 
most important sport, shifting towards individually-based sport. 
The injury group had lower mean minutes/day of vigorous PA 
(-1.22; 95%CI -2.40, -0.04); poorer KOOS scores (all subscales) 
below minimally clinically important difference thresholds; and 
lower TSLH distance. No significant group difference was seen 
for combined moderate and vigorous PA, BMI, or OLR. 
Conclusion: At 1-2 years after ACLR, females demonstrated 
reduced vigorous PA, clinically-significant levels of self-reported 
knee pain and symptoms, reduced knee function in sport, lower 
quality of life; and poorer objective knee function compared to 
matched-controls. Sport type had evolved in both groups. 
Clinical implications: Young females, 1-2 years after ACLR, 
demonstrated negative health-related outcomes that could 
shape future health behaviours and joint health.

001
Gender differences in reliability of strain measurement of 
medial elbow ligaments and forearm flexor muscles using ultra-
sound elastography

Otsudo T1, Hattori H2, Akasaka K1

1 School of Physical Therapy, Faculty of Health and Medical 
Care, Saitama Medical University, Saitama, Japan
2 Kawagoe Clinic, Saitama Medical University, Saitama, Japan

Objective: To compare gender differences in reliability of strain 
measurement of anterior bundles of ulnar collateral ligament 
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(AUCL) and forearm flexor muscles (FFM) using ultrasound 
elastography. 
Methods: Fourteen males (20.9±0.3 years) and fourteen females 
(20.8±0.4 years) participated in this study. All participants were 
fully informed about the study and provided signed consent. 
This study was approved by the Ethics Committee at the Saitama 
Medical University (M-82). Strain elastography (ALOKA Noblus, 
Japan) was placed at the medial aspect of the elbow with longi-
tudinal orientation of AUCL. ICC (1,2), ICC (2,1), 95%CI and 
standard error of measurement (SEM) were analyzed. Addition-
ally, the maximum circumference of forearm (Max-FA [cm]) was 
tested using a tape measure. Spearman rank correlation coeffi-
cient was used to analyze the relationship between the measure-
ment differences of AUCL or FFM and Max-FA. 
Results: Male AUCL ICC (1,2), 95%CI, and SEM were 0.92, 0.82-
0.98 and 0.12, while female were 0.89, 0.59-0.95 and 0.31. Male 
AUCL ICC (2,1), 95%CI and SEM were 0.93, 0.86-0.98 and 0.13 
while female were 0.94, 0.85-0.98 and 0.11. Male FFM ICC (1,2), 
95%CI and SEM were 0.60, 0.43-0.92, and 0.04 while female 
were 0.49, 0.06-0.85 and 0.05. Male FFM ICC (2,1), 95%CI and 
SEM were 0.53, 0.28-0.89 and 0.06 while female were 0.07, 0.40-
0.64 and 0.14. Male and female Max-FA were 25.8±1.7 and 
23.3±1.4 respectively. There was significant positive correla-
tion between the measurement differences of AUCL and Max-
FA in male (r=0.64). 
Conclusion: Stiffness of FFM ICC, 95%CI and SEM in female 
were lower than that in male. Additionally, the larger Max-FA 
became, the larger measurement differences of stiffness of 
AUCL occurred in male. 
Clinical implications: Stiffness of FFM in female was lower reli-
ability than that in male. Reliability in measurement of stiffness 
of AUCL may become lower as Max-FA increases in male.
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Effects of deep hopping training on ankle sprain in junior high 
school basketball players: a clustered randomized control trial
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Objective: In Japan, about 70,000 ankle sprains per year occurred 
in junior high and high school basketball players, which num-
bers exceeded those in soccer and baseball. In recent years, neu-
romuscular training using a deep hopping training (DHT) has 
become a common form of exercise to prevent ankle sprain. The 
purpose of this study was to clarify the effect of the DHT upon 
ankle injury in junior high school basketball players. 
Methods: 105 junior high school basketball players without con-
current injuries were recruited. All players were randomly 
assigned as a cluster by school to a control group and the DHT 
group. 40 players at 3 schools were allocated to a control group 
and 65 at 4 schools were to the DHT group. Subjects in the DHT 
group completed an ankle injury prevention program including 
jump squats, front hopping, back hopping, right side hopping, 

left side hopping on the floor for 8 weeks. Ankle injury rates 
were calculated and compared by occurrence of injury per 1000 
athlete hours (1000AH) and relative risk in the control and the 
DHT groups. 
Results: There was no significant between-group difference in 
age, height, weight, and years of competition. The number of 
ankle sprain were 17 in the control group and 17 in the DHT 
group. Practice time was 4122 hours for control group, while 
6867 hours for DHT group. The 1000 AHs calculated by the total 
practice time and the number of injuries were 4.21 (95%CI: 2.7, 
6.0) in the control group and 2.47 (95%CI: 1.4, 3.5) in the DHT 
group. The relative risk compared to the control group was 0.61 
in the DHT group. The number of injuries occurring at Chi-
squared test (one tailed) was P = 0.045. 
Conclusion: Our study showed that DHT for 8 weeks would 
reduce the occurrence of ankle sprain in junior high school bas-
ketball players. 
Clinical implications: Our study suggests that high school bas-
ketball players should participate in DHT to reduce the occur-
rence of ankle sprain. 
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Injury prevalence and CrossFit movements: an epidemiological 
study
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Objective: CrossFit is a sporting practice that is growing world-
wide, with a lot of supporters and followers. There are some 
ideas that this modality brings a lot of injuries and pain. How-
ever, the CrossFit movement probably can be related to injuries. 
Our objective was to investigate the prevalence of injury and 
CrossFit movement. Furthermore, verify which CrossFit move-
ment is the most injurious. 
Methods: Seventeen questions concerning training (frequency, 
length of practice, movement injury during CrossFit practice 
and location of injury) and demographics (gender, age, affilia-
tion) were asked. Data were collected from September 2018 to 
February 2019 through an electronic questionnaire, which was 
created and hosted using an online questionnaire and survey 
software (SurveyMonkey; www.surveymonkey.com). The study 
was approved by the ethics committee of State University of São 
Paulo (UNESP- Botucatu Campus). 
Results: 5,189 Brazilian athletes (51.9% woman; 47.7% aged 
between 21-29 years and 36.7% aged between 30-39 years) 
answered the questionnaire. 1,528 athletes (29%) had no injury 
with CrossFit. Deadlift was the main injury movement in 576 
athletes (11%), Snatch in 322 athletes (6%) and Box Jump in 201 
athletes (4%). There were 49 more movements with lower 
injury prevalence. Shoulder, low back and knee were the most 
injured body parts. 
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Conclusion: The Deadlift, Snatch and Box jump movements 
were the most injurious movements and shoulder, low back and 
knee were the most often injured body parts. 
Clinical implications: This research shows the major move-
ments that cause injury in CrossFit athletes. In clinical practice, 
this study strongly recommends that coaches monitor CrossFit 
movements to change or improve the movements. Futhermore, 
physical therapists need to do an assessment of musculoskeletal 
components and implement a preventive training focusing on 
the reduction of injury rates.

004
Correlation between shoulder functional assessment and ther-
mography analysis in volley athletes with shoulder pain: a com-
parative study
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raishi FG2, Mendonça LM1,4
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Objective: To perform a correlation between shoulder func-
tional assessment and thermography analysis in volleyball play-
ers with and without pain. 
Methods: Nine volleyball players with shoulder pain and 9 
matched controls were evaluated with a thermography camera 
(TermoCam C2 Educational Kit, Flir Systems, Estonia) and they 
performed SPADI score and Score Closed Kinetc Chain Upper 
Extremity Stability Test (CKCUEST) to compare functional inter 
group. The pictures were analyzed on software VisionFy® (v.1.1, 
2019, Thermofy Corp.,Brazil), to range of interest’s (ROI) quan-
tification. The athletes were compared on maximal temperature 
(Max ºC), minimal temperature (Min ºC), average temperature 
(Average ºC), amplitude (Ampl ºC), deviation of the thermal 
center (DTC ºC) and delta difference. Kolmogorov-Smirnov was 
used to identify normality distribution and Mann-Whitney test 
was applied to compare the groups. 
Results: Symptomatic volleyball players had a mean age of 26.9 
± 6.7 years, body mass of 83.2 ± 15.9 kg and height of 182.7 ± 
9.9 cm. Non-symptomatic athletes had a mean age of 27.1±5.5 
years, weight of 75.6 ± 9.3 kg and height of 175.9 ± 4.1 cm. 
Pearson’s correlation showed stronger correlation (0.730 
p=0.026) between CKCUEST and delta ROI mean in volleyball 
players with shoulder pain. 
Conclusion: the functional movement pattern by CKCUEST, 
alteration of temperature by thermography analysis and SPADI 
scores are different in volleyball athletes with shoulder pain and 
there is stronger correlation with the functional movement pat-
tern by CKCUEST and alteration of temperature between groups. 
Clinical implications: This research shows one more assessment 
method to identify the parameters of pain and dysfunctions through 
thermography without risks for musculoskeletal structures.
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Injuries surveillance in Brazilian male elite youth soccer ath-
letes: a retrospective study
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Objective: To describe the injury incidence in an elite youth 
male soccer team over a season. 
Methods: A retrospective analysis of 2018 injuries data of 246 
Brazilian elite male youth soccer athletes were performed. The 
athletes were divided in two groups: under 11 to under 15 (group 
A, n=149) and under 17 to under 20 (group B, n=107). Descrip-
tive and Chi-Square statistical analysis were used to characterize 
the sample and compare groups A and B. 
Results: A total of one hundred and eleven injuries were 
recorded over the season. Athletes of group A had ten trauma 
injuries, eighteen non-contact acute injuries and thirteen over-
use injuries. In group B, twenty-five athletes had trauma inju-
ries, twenty-five had non-contact acute injuries and twenty had 
overuse injuries, with significant differences between groups 
for all types of injuries (p=0.01, p=0.17 and p=0.19 respec-
tively). Eighty-eight training injuries and twenty-one during 
game injuries were identified, but only during game injuries 
showed differences between groups (p=0.01). Hip, knee and 
overuse injuries were more frequent in artificial grass field com-
pared to natural grass field (p=0.01) in both groups. Athletes of 
group A had an injury-time loss of ten days, while group B had 
twenty-four days of absence. 
Conclusion: Elite youth soccer athletes under 17 to under 20 
had suffered more total and during game injuries, and more 
injury-days loss than under 11 to under 15 players. Moreover, 
hip, knee and overuse injuries were more frequent on artificial 
grass field in both groups. 
Clinical implications: this research shows injury incidence in 
elite youth soccer players and can contribute to future researches 
in analysis and development of injuries risk patterns and pre-
ventive programs for these athletes.

006
Lower limb joint mechanical work during the single leg drop 
jump: a cross-sectional comparison of women with and without 
hip-related pain

King MG, Semciw AS, Schache AG, Middleton KJ, Heerey JJ, 
Scholes M, Mentiplay BF, Sritharan P, Crossley KM
La Trobe Sport and Exercise Medicine Research Centre, La Trobe 
University, Melbourne, Australia

Objective: Women with hip-related pain (HRP) are underrepre-
sented in the literature. As such, the movement strategies of 
women with HRP are not well understood. Therefore, the aim of 
the study was to compare the mechanical work completed by 
the lower limb joints during the single leg drop jump (SLDJ) in 
women with and without HRP. 
Methods: Female football players, aged 18-50 years, with and 
without HRP were eligible to participate. Twenty-three women 
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with HRP and 13 controls participated. Biomechanical data on 
the SLDJ were collected using a three-dimensional motion cap-
ture system and force plates. Total lower limb work was calcu-
lated as well as the relative contributions of the hip, knee and 
ankle. Differences between group were assessed using t-tests. 
Results: The relative contribution to negative work done at the 
knee was significantly less in the women with HRP compared 
with the control group (mean difference -4.7%, 95%CI -9.1, -0.3; 
P=0.04). When comparing contributions across the three joints, 
the ankle provided the largest contribution to positive work for 
the HRP group (36.8%), with the hip being the largest contribu-
tor in the controls (35.4%). 
Conclusions: Women with HRP absorbed significantly less 
energy at the knee compared to healthy controls. The reason why 
women with HRP do not use a knee dominant strategy for absorb-
ing energy during the SLDJ requires further scrutiny. Despite no 
difference in total positive work between groups, we did observe 
some subtle differences amongst the joints in the relative contri-
butions to positive work done. The ankle was the dominant 
source of positive work during the SLDJ for women with HRP, 
whereas the hip was for controls. This strategy adopted by women 
with HRP may be an attempt to ‘offload’ the symptomatic hip. 
Clinical implications: The study demonstrates potential 
impairments that can be addressed in rehabilitation programs to 
normalise force attenuation and propulsive strategies in women 
with HRP.
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Assessing movement strategies in hip-related pain. Do we need 
to consider sex in evaluating three-dimensional biomechanics?

King MG1, Heery JJ1, Schache AG1, Semciw AI1, Middleton KJ1, 
Sritharan PR1, Lawrenson PR2, Crossley KM1
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Objective: People with hip-related pain (HRP) walk with differ-
ent biomechanics compared with people without HRP. How-
ever, study conclusions are often drawn from mixed cohorts, 
ignoring the potential for the effect of pain on biomechanics to 
be sex dependent. Therefore, we aimed to investigate the dif-
ferences between men and women with HRP in lower limb 
biomechanics during walking and the single leg drop jump 
(SLDJ). 
Methods: Football players aged 18-50 years with HRP were eli-
gible to participate. Symptoms were quantified using the Copen-
hagen Hip and Groin Outcome Score (HAGOS). Biomechanical 
data were collected via a three-dimensional motion capture sys-
tem during walking and SLDJ. Lower limb kinematics and 
kinetics were calculated at the hip, knee and ankle. Differences 
between men and women were analysed using statistical para-
metric mapping and t-tests. 
Results: Sixty-five men and 23 women participated with no dif-
ference between groups for HAGOS scores (P>0.07). Walking: 
During stance, men with HRP walked with less hip flexion 
(P<0.01) and internal rotation (P<0.01), as well as a greater 
ankle dorsiflexion moment (P<0.01) and impulse (P<0.01) 
compared with women. SLDJ: During early stance, men with 
HRP completed the SLDJ with less hip flexion (P=0.03) and a 
greater external knee flexion moment (P<0.01). In addition, 

men produced a greater ankle dorsiflexion moment (P<0.01) 
and impulse (P=0.01) compared with women. 
Conclusion: Differences observed were task specific at the hip 
and knee and joint specific at the ankle. These results demon-
strate that sex may be an effect modifier in people with HRP. 
The use of mixed cohorts without appropriate between sex con-
siderations should be strongly discouraged in biomechanical 
evaluations of HRP. 
Clinical implication: Evaluations and knowledge into the 
potential modifiable risk factors of HRP are in its infancy, how-
ever this research demonstrates that sex dependent prevention 
and intervention strategies may be required.
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Posterior shoulder instability classification, assessment and 
management: an international Delphi study
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4 Hand and Upper Limb Centre, Western University, London, 
Canada

Objective: The purpose of this study was to attain consensus 
among international shoulder experts for the early and appro-
priate assessment and management strategies of PSI based on 
classification, recovery timelines, outcome measures and risk. 
Methods: A three round e-Delphi survey was released over a 
series of consecutive months to 70 clinical shoulder experts 
(physiotherapists, orthopaedic surgeons, sport medicine physi-
cians and researchers). Phase 1 consisted of a structured litera-
ture review which was integrated with expert input to create 50 
items on definitions, classification, assessments, prognosis, and 
management. The draft Delphi survey was revised through 
iterative consultation and pilot testing Phase 2 consisted of 
three rounds of questions; with analysis and survey revision 
after each round. Consensus was defined as 70% agreement. 
Descriptive statistics were used to describe the characteristics 
of the respondents, the response rate of the experts per round 
and the consensus for PSI classification, assessment, and 
management. 
Results: The response rate from each round ranged from 81% in 
Round 1 to a high of 94% in Round 3. The final survey was com-
pleted by 47 individuals from 5 different countries with Canada 
having the largest representations at 24 (51.1%). Three sub-
groups of PSI were identified: Traumatic (100% agreement), 
Microtraumatic (98% agreement) and Atraumatic (98% agree-
ment). After 3 Delphi rounds the agreement of the clinical 
assessment, risk factors, management and recovery timelines of 
the PSI sub-groups were established. 
Conclusion: This Delphi helps to streamline diagnostic sub-
groups and management strategies for PSI. This may in turn 
provide framework for future research in the field including 
randomized-controlled or prospective cohort studies with evi-
dence-informed interventions. 
Clinical implications: A shoulder expert consensus study on 
PSI will establish earlier recognition and management strategies 
for health care providers.
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009
Initial foot contact affects dynamic parameters in running.

Shiroshita T
School of Physiotherapy, Faculty of Heath Science, Gunma Paz 
University, Japan

Objective: This study aims to clarify the relationships between 
foot strike patterns and dynamic parameters during running. 
Methods: The study included 25 participants (17 males and 4 
females; mean ± SD age, 21.1 ± 0.3 years; weight, 60.0 ± 6.6 kg; 
and height, 166.7 ± 7.4 cm) who had no reported foot or ankle 
injuries in the past 6 months. Dynamic parameters were col-
lected with a 9-camera motion capture system using a Plug-in 
Gait full-body marker set, dynamic navicular drop marker set, 
and 3 force plates (sampling rate, 200 Hz). The participants each 
completed five running trials. Dorsiflexion angle during initial 
contact (IC) and ankle moment (AM) and dynamic dorsiflexion 
range of motion (DDR) peak values were calculated. Further-
more, dynamic navicular drop (DND) was determined by calcu-
lating the difference between the navicular height at heel 
contact and minimum navicular height during the stance phase. 
Pearson correlation coefficients were calculated between the IC 
and other variables, with p-value of <0.05 considered as statisti-
cally significant. This study was approved by the Ethics Com-
mittee for Human Research, Gunma Paz University, Takasaki, 
Japan. 
Results: A significant positive correlation was found between IC 
and DDR during running (p = 0.026, r = 0.444). There were no 
significant correlations between IC and AM (p = 0.609, r = 
−0.018) or DND (p = 0.165, r = −0.285). 
Conclusion: A relationship was found between IC and DDR, 
indicating that further the IC occurs into plantar flexion, the 
greater the decrease in dorsiflexion. However, IC was not associ-
ated with AM or arch. 
Clinical implications: It may be possible to determine 
dynamic dorsiflexion during the stance phase in running 
based on IC. It should be determined whether this variable is 
a risk factor, taking the other physiotherapy assessments into 
consideration.

010
A single session of gait retraining improves pain, function and 
running kinematics in runners with patellofemoral pain

Bramah C1,2, Preece SJ1, Gill N1, Herrington L1

1 School of Health Sciences, University of Salford, Salford, UK
2 Manchester Institute of Health & Performance, Manchester, 
UK

Objective: To investigate whether a 10% increase in step rate 
improves kinematics, pain and function in runners with patel-
lofemoral pain (PFP). Specifically, we targeted runners with 
aberrant hip and pelvis kinematics at baseline and aimed to 
investigate whether improvements could be made following a 
single session of gait retraining. 
Methods: Runners with PFP underwent a 3D gait analysis to 
confirm the presence of aberrant frontal plane hip and pelvis 
kinematics at baseline. Ten participants completed a single 
10-minute gait retraining session where step rate was increased 
by 10% using an audible metronome. Participants were asked to 
continue their normal running while self-monitoring their step 

rate using a global positioning system watch and audible metro-
nome. Running kinematics along with clinical outcomes of pain 
and functional measures were recorded at baseline, 4 weeks and 
3 months following retraining. 
Results: Following gait retraining, significant improvements in 
running kinematics and clinical outcomes were observed at 4 
weeks and 3 months follow up when compared to baseline. 
Peak contralateral pelvic drop, hip adduction and knee flexion 
during stance phase were significantly reduced. Numerical rat-
ing scale for worst pain and lower extremity functional scale 
showed significant improvements, while self-reported weekly 
running volume and longest run pain free significantly 
increased. 
Conclusion: A single session of gait retraining results in signifi-
cant improvements in running kinematics, pain and function in 
runners with PFP. These improvements were maintained at 3 
months follow up. 
Clinical implications: Step rate modification is a simple 
method of gait retraining that can be easily integrated into 
clinical practice. It is important to assess for aberrant running 
kinematics at baseline to ensure gait interventions are targeted 
appropriately.

011
Kinematic characteristics of male runners with a history of 
recurrent calf muscle strain injury

Bramah C1,2, Preece SJ1, Gill N1, Herrington L1

1 School of Health Sciences, University of Salford, Salford, UK
2 Manchester Institute of Health & Performance, Manchester, 
UK

Objective: To investigate whether running kinematics differ 
between male runners with a history of recurrent calf muscle 
strain injury (CMSI) and injury free controls. 
Methods: Three-dimensional running kinematics were com-
pared between 14 male runners with a history of CMSI and 28 
male controls. A 12-camera Qualysis Oqus system recorded 
3D running kinematics as participants ran on a treadmill at 
3.2m/s. Independent t-tests were used to compare differences 
in select kinematic patterns during the stance phase of 
running. 
Results: Several kinematic differences were observed between 
groups. The CMSI group demonstrated significantly longer 
stance times (p = 0.02), increased hip adduction (p = 0.03), 
contralateral pelvic drop (p = 0.04) and anterior pelvic tilt (p = 
0.03) during mid stance. These differences highlight potential 
neuromuscular impairments of the calf muscle complex while 
also implicating altered hip neuromuscular control as a con-
tributor to CMSI. 
Conclusion: Runners with a history of recurrent CMSI demon-
strate differences in stance phase running kinematics when 
compared to injury free controls. These differences may repre-
sent impairments to the stretch shortening function of the calf 
complex during running and reduced neuromuscular control at 
the hip and pelvis. 
Clinical implications: The observed differences provide insight 
into potential kinematic mechanisms and consequences of 
recurrent CMSI. Based on the current results we suggest reha-
bilitation should focus on the restoration of stretch shorten func-
tion of the calf complex and improving neuromuscular control 
at the hip and pelvis.
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012
A survey of acute injury in wheelchair basketball players: rela-
tion to the functional classification

Shimizu R, Urabe Y, Sasadai J, Maeda N
Graduate School of Biomedical and Health Sciences, Hiroshima 
University, Hiroshima, Japan

Objective: Wheelchair basketball (WB) players are classified 
into eight groups depending on their degree of physical ability. 
The risk of acute injury is higher than chronic injury in WB. The 
intensity of shoulder pain has been reported to differ depending 
on the functional classification. Similarly, the type and cause of 
injury might be different. However, there is no research from 
this point of view. This study aimed to investigate the injury in 
WB players focused on the functional classification. 
Methods: A questionnaire survey was conducted for 96 WB play-
ers in Japan. The question items were the basic information 
about the injury (type, cause, etc.). The definition of injury was 
“injury caused by a single impact, having left the game for a day 
or more, or having consulted a medical institution”. According to 
the classification system, the players were grouped into four 
classes: Class 1 (most severe disability), 1.0 and 1.5 point; Class 
2, 2.0 and 2.5 point; Class 3, 3.0 and 3.5 point; Class 4, 4.0 and 
4.5 point. 
Results: Valid answers were obtained from 85 people (89%). The 
incidence of injury for Class 1, 2, 3, and 4 were 36%, 20%, 19%, 
and 25%, respectively. The most common injury types were as 
follows: in Class 1, 2, and 4, soft tissue injury (41%, 50%, and 
41%, respectively); in Class 3, fracture (53%). The cause of 
injury ranked in descending order was as follows: in Class 1, 3, 
and 4, fall (31%, 53%, and 91%, respectively), rebound (22%, 
24%, and 5%, respectively); in Class 2, fall (44%), shooting 
(28%). 
Conclusion: The tendency of the cause of injury differed from 
each class. Most injuries in Class 4 were caused by falls. Injuries 
in Class 1 were caused not only by falls but by WB play. It was 
suggested that WB players with severe disability are often 
injured by a minor impact. 
Clinical implications: This study might provide information for 
injury prevention in consideration of the functional classifica-
tion to reduce the risk of acute injury in WB players.

013
Injuries tendency during fall league match in the Japanese Chu-
shikoku area collegiate American Football league match, past 7 
seasons (2012 – 2018)

Takeuchi T1, Urabe Y1, Maeda N1, Sasadai J1, Komiya M1, Fukui 
K1, Anami K1, Moriyama N2, Ishii Y3, Terahana S3

1 Graduate School of Biomedical and Health Sciences, Hiro-
shima University, Hiroshima, Japan
2 Department of Public Health Fukushima Medical University 
School of Medicine, Fukushima, Japan
3 Chushikoku Collegiate American Football Association, Hiro-
shima, Japan

Objective: American Football (AF) is a sport with intense physi-
cal contact, and there are many injuries. According to the sur-
veys on injuries in collegiate AF in Japan, ligament injuries 
were the most frequent (37 - 39%). These studies were con-
ducted in the Kanto or Kansai leagues, which have sufficient 

players. However, no surveys on injuries has been conducted in 
leagues with a small number of players, such as in the Chushi-
koku league. Therefore, this study aimed to investigate the 
occurrence of injury in the Chushikoku Collegiate AF league. 
Methods: The survey period spanned 103 games played over 7 
seasons. The survey subjects had described in the injury report 
of the Japan AF Association. The injury report was described 
when a “timeout for the injured” was called by the referee. The 
survey items included the player’s position, injury type, injury 
location, the quarter (Q) during which the injury occurred, and 
the number of injuries per game. 
Results: The total number of injuries was 424. The number of 
injuries per games was 4.1 per game. The most frequent type of 
injury was bruising in 138 cases (32.5%). In addition, there were 
114 cases (26.9%) of muscle cramps and 74 cases (17.5%) of liga-
ment injuries. There were 189 cases among offensive players 
and 235 cases among defensive players. The timing of the injury 
was the 3Q in 127 cases and 4Q in 183 cases. Overall, 73.1% of 
injuries occurred late in the game. 
Conclusion: Previous studies reported the number of injuries 
for the Kanto Collegiate AF league to be 1.3 per game. In con-
trast, the number of injuries in Chushikoku league was 4.3 per 
game, and the prevalence of bruises and muscle cramps was 
overwhelmingly large. This high number could be due to sev-
eral factors, such as few players per team (few opportunities for 
substitution), and the participation of students with lower skills. 
Clinical implications: The injury rates in the Chushikoku 
league tended to differ from those of other leagues.

014
The change of the sesamoid rotation angle in patient with hal-
lux valgus at walking position

Arisu H, Urabe Y, Sasadai J, Sakai S, Shimizu R, Kobayashi T, 
Maeda N
Department of Sports Rehabilitation, Graduate School of Bio-
medical and Health Sciences, Hiroshima University, Hiroshima, 
Japan

Objective: Hallux valgus (HV) occurs frequently in athletes. HV 
includes changes in the alignment of rotating sesamoid bones 
and shifting abductor hallucis muscle (ABH) to the plantar 
direction. It is unknown if sesamoid rotation is promoted during 
walking and if the chronic tension stress of ABH from rotated 
sesamoid cause atrophy of ABH. No study investigated the dif-
ference of sesamoid rotation angle (SRA) between non-weight 
bearing position and walking position. Therefore, this study 
aimed to investigate the change of SRA at walking position and 
atrophy of ABH. 
Methods: Participants were divided into HV angles of > 20° 
(HV group; 12 women, HV angle 27.4° ± 5.5°) and < 20° (con-
trol group; 13 women, HV angle 14.8° ± 2.0°). The SRA and 
CSA were measured using ultrasonography. The SRA was mea-
sured at the following positions; non weight bearing, standing, 
mid-stance, and pre-swing phase. Cross-sectional area (CSA) of 
the ABH was measured in the supine position. Independent 
t-test or Mann-Whitney’s U test was conducted to compare the 
differences in the mean values of SRA compared with non 
weight bearing and CSA between the two groups using the 5% 
level of significance. 
Results: In HV group, the SRA compared with non weight bear-
ing increased 3.6°±0.1° at standing (p=0.09), 4.4°±1.2°at mid-



The International Journal of Sports Physical Therapy | Volume 14, Number 6 | December 2019 | Page S9

stance (p=0.06), and 4.2°±0.4° at pre-swing (p < 0.05) more 
than control group. The CSAs were 200.2±47.7 and 204.7±49.8 
mm2 in the HV and control group (p=0.78). 
Conclusion: Our results suggest that weight bearing while walking 
would lead to increase SRA. However, CSA between the two groups 
was not different in this study. There was no atrophy of ABH. It is 
thought that the progression of HV angle is promoted by the reduc-
tion of the abduction torque of the ABH by the large outward dis-
placement of the sesamoid at weight bearing on the forefoot. 
Clinical implications: We concluded the SRA in the HV group 
increased more during weight bearing on the forefoot.

015
What do the stories of experienced sports physiotherapists’ tell 
us about their continuing professional learning

Paterson CB1, Edmond N2

1 School of Health Sciences, University of Brighton, UK
2 School of Education, University of Brighton, UK

Objective: To gain understanding of the continuing profes-
sional learning of experienced sports physiotherapists in the 
United Kingdom. Currently there is a paucity of knowledge 
about sports physiotherapists’ continuing professional 
learning. 
Methods: Narrative Inquiry. Narrative interviews were con-
ducted with 4 female experienced sports physiotherapists pur-
posively recruited (19-34 years’ experience) in the United 
Kingdom. A narrative thematic analysis was applied to the tran-
scribed data to search for emerging themes. 
Results: 3 main themes were identified; 1) intrinsic motivation 
and skills to continue to learn and succeed, with sub themes of 
seeking and taking learning opportunities, overcoming and ris-
ing to challenges and identifying learning needs and setting 
development goals, 2) patients and practice drive learning…the 
need for a big tool kit, with sub themes of formal learning and 
informal learning, 3) developing contextual intelligence. 
Conclusion: This study provides insight into how sports physio-
therapists continue to learn, supporting previous literature 
which identifies that both formal and informal learning are uti-
lised by physiotherapists. The participants used both types of 
learning with formal learning activities dominating early, and 
informal dominating later in their careers. High levels of intrin-
sic motivation, in combination with identifying key required 
learning and methods to learn were evident. The ability to 
develop a large sports physiotherapy tool kit (skills and knowl-
edge) was viewed as a requirement to be successful. However, 
this needed to be supplemented with developing contextual 
intelligence to cope with the pressures and required behaviours 
in the sporting environment. 
Clinical implications: These insights into sports physiothera-
pists’ continuing professional learning will assist appropriate 
support to be provided for future learning; acknowledging the 
variety of ways sports physiotherapists need to learn to be 
successful.

016
Female sports physiotherapists’ experiences of their work in the 
context of a Gulf Corporation Council (GCC) country

Paterson CB, Felembaum K
School of Health Sciences, University of Brighton, UK

Objective: To explore the female sports physiotherapists’ experi-
ences of their work in the context of a Gulf Cooperation Council 
(GCC) country, the role of gender in this experience, and the 
factors that the GCC region may play in it. 
Methods: The experiences of three expatriate sports physiothera-
pists working in GCC countries were explored. In-depth semi-struc-
tured interviews collected data which was analysed by adopting 
the principles of Interpretative Phenomenological Analysis (IPA). 
Results: Three super-ordinate themes emerged; the move to the 
unknown, professional paradigm shift and adapting to succeed. 
The study highlighted the varying career opportunities in the 
GCC for female sports physiotherapists and the participants’ 
frustrations about the national attitude and commitment 
towards sports participation. The professional shift in attitude 
and expectation was the most challenging and the most crucial 
for the participant’s professional success in the GCC. A negative 
attitude towards the use of physical contact when treating males 
stemmed from unease related to the sports physiotherapists 
gender rather than her aptitude or skill. There was a limited 
understanding and lack of professional clarity of a sports phys-
iotherapist’s role among some GCC nationals which influenced 
demands and expectation’s relating to the role. 
Conclusion: The findings in the study have not been addressed 
before, providing new information on how some female sports 
physiotherapists experience their work in the context of a GCC 
country. Cultural adaptability and sensitivity along with cross-
cultural communication skills were the most crucial skills for suc-
cess of the expatriate female sports physiotherapist in the GCC. 
Clinical implications: The study allows for female sports phys-
iotherapists, interested in working in the GCC, to learn about its 
sports scene and its frustrations, the opportunities it provides, 
alongside the skills needed to succeed.

018
The effectiveness of blood flow restriction vs. heavy load resis-
tance training during post-surgery rehabilitation of anterior cru-
ciate ligament reconstruction patients: a UK National Health 
Service randomised controlled trial.

Hughes L1,2, Rosenblatt B3, Haddad F2, Gissane C1, McCarthy D4, 
Clarke T4, Ferris G4, Dawes J4, Paton B2, Patterson SD1

1 School of Sport, Health and Applied Science, St Mary’s Univer-
sity, London, UK
2 Institute of Sport, Exercise and Health, 170 Tottenham Court 
Road, London, UK
3 The Football Association, St. George’s Park, Burton-Upon-
Trent, UK
4 University College London, Bloomsbury, London, UK

Objective: To compare the effectiveness of light load personalised 
blood flow restriction resistance training (PBFR-RT) and standard 
care heavy load resistance training (HLRT) in the post-surgery 
rehabilitation of patients undergoing anterior cruciate ligament 
reconstruction (ACLR) in the National Health Service (NHS). 
Methods: Twenty-eight patients with hamstring autograft were 
recruited for this single assessor blinded trial. Participants were 
block randomised to HLRT (n=14) at 70% of one repetition 
maximum (1RM) or PBFR-RT (n=14) at 30% 1RM and com-
pleted 8 weeks of biweekly unilateral leg press training along-
side standard hospital rehabilitation, beginning at 3 weeks 
post-surgery. Isotonic strength (10RM), muscle morphology of 
the vastus lateralis, self-reported function, Y-balance test perfor-
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mance and knee joint pain and effusion were assessed at post-
surgery, mid-training and post-training. Knee joint laxity was 
measured at pre-surgery and post-training. 
Results: Twenty-four participants completed the study with no 
adverse events. 10RM strength significantly increased with 
PBFR-RT (104%) and HLRT (106%) with no group differences. 
Significant and comparable increases in muscle thickness (5.8-
6.7%) and pennation angle (3.4-4.1%) were observed with no 
group differences. Significantly greater and clinically important 
increases in several measures of self-reported function (50-218% 
vs. 35-152%), Y-balance performance (18-59% vs. 18-33%) and 
reductions in knee joint pain (67% vs. 39%) and effusion (6% vs. 
2%) were observed with PBFR-RT compared to HLRT, respec-
tively. Knee joint laxity decreased with no group differences. 
Conclusion: PBFR-RT can improve skeletal muscle hypertrophy 
and strength to a similar extent as HLRT with a greater reduc-
tion in knee joint pain and effusion, and greater overall improve-
ments in physical function. 
Clinical implications: PBFR-RT may be more appropriate for 
early rehabilitation in ACLR patient populations within the NHS.

020
Can wearable sensors validly measure lower limb kinematics 
during high speed running?

Wolski L1,2, Halaki M1, Pappas E2, Hiller C2, Fong Yan A1

1 University of Sydney, Discipline of Exercise and Sport Science, 
Faculty of Health, Sydney, Australia
2 University of Sydney, Discipline of Physiotherapy, Faculty of 
Health, Sydney, Australia

Objective: To validate the use of an inertial measurement unit 
(IMU) system compared to a camera-based 3D motion analysis 
system, for high speed running assessment of lower limb 
kinematics. 
Methods: One runner had three IMUs (Noraxon Myomotion) 
secured on their pelvis, left shank and thigh, and 24 retro-reflec-
tive markers generating left shank, left thigh and pelvis seg-
ments with a 16 infrared camera 3D motion analysis system 
(Cortex Motion Analysis). The runner completed two treadmill 
trials (T1, T2) involving incremental running from 12 to 18km/
hr within 1 min, on two separate days. Point of contact (POC) 
was identified by IMU vertical acceleration and compared to 
POC identified via force plate. Agreement in the sagittal shank, 
knee, hip and pelvic angles between the systems was evaluated 
using root mean square error (RMSE) and at POC using intra-
class coefficients (ICC) and Pearson’s correlation ®. 
Results: The IMU was highly accurate in determining time of 
POC (RMSE T1:0.0044s T2:0.0053s), hip angle (RMSE T1:4.0° 
T2:3.3°, ICC T1:0.89 T2:0.79, r T1:0.90 T2:0.93), pelvic tilt 
(RMSE T1:2.1° T2:2.5°, ICC T1:0.94 T2:0.74, r T1:0.96 T2:0.87), 
but was inconsistent for knee (RMSE T1:7.3°, T2:7.9°, ICC 
T1:0.07 T2:0.02, r T1:0.62 T2:0.38) and shank angle (RMSE 
T1:7.3° T2:6.3°, ICC T1:0.05 T2:0.05, r T1:0.65 T2:0.58). 
Conclusion: Noraxon IMUs are suitable for use in high speed 
running for determination of POC and evaluation of sagittal hip 
and pelvic angles. 
Clinical implications: Valid and reliable portable testing meth-
ods are integral for accuracy of on field testing. This study pro-
vides confidence in certain lower limb biomechanical variables 
for risk assessment, allowing for evidence-based injury preven-
tion programs. It may offer a valuable feedback tool for clinical 

rehab/gait retraining. However, the findings need to be inter-
preted in light of the limitations (e.g. inertial marker move-
ment) of 3D motion analysis systems.

021
Reference values for the closed kinetic chain upper extremity 
stability test for elite handball players

Lagniaux F1,2, Juin G1, Rambaud AJM2,3, Thoreux P4

1 French Teams Medicine Unit, French Handball Federation, 
Creteil, France
2 Research Laboratory, SFMKS Lab, French Society of Sports 
Physiotherapists, Pierrefitte, France
3 Physiotherapy Clinic of the Sport Center, La Talaudière, France
4 Orthopaedic Department and Sport Medicine Unit, APHP Uni-
versity, Hôtel Dieu Hospital, Paris, France

Objective: Handball is an overhead sport in which upper quad-
rant joints experience significant stress, resulting in a high prev-
alence of shoulder pain from 15 to 28%. The Closed Kinetic 
Chain Upper Extremity Stability Test (CKCUEST) is a validated 
functional test, evaluating the functional performance of the 
upper limbs. It is used to monitor functional recovery of the 
shoulder after injury and should be compared with reference 
values. However, such values do not exist in this sport. The pur-
pose of this study is to determine a CKCUEST norm for handball 
players taking gender and playing positions into consideration. 
Methods: The cohort is made up of 165 athletes (112 males), 
aged 17.6 ±2.7 years, practising handball between 8 and 14 hours 
per week in high-level competition. Participants have had no 
shoulder, elbow or wrist complaints in the past 3 months. The 
test is conducted away from any physical activity. The CKCUEST 
is performed 3 times, the number of touches performed in 15 
seconds being recorded for analysis. Power score and nor-
malised score are calculated. Analysis of variance with post hoc 
correction is employed. 
Results: The average score found in men is higher than in 
women (respectively 26.7±3.6. vs. 22.7±3.3; p<0.001). The anal-
ysis by playing positions shows a difference in number of 
touches, power score and normalised score (p=0.26). 
Conclusion: Our CKUEST values are similar to studies carried 
out on other throwing sports (i.e. baseball) but were dependent 
on the playing position. Shooting is a complex action involving 
multiple movements and varying player positions which could 
explain this difference. 
Clinical implications: These values could be used as a benchmark 
during the season to detect a problem or improve the overall man-
agement of the shoulder. They could also be used as a reference for 
recovery tests after injury or to better understand people with 
shoulder injury risks, and to implement prevention strategies.

022
The evidence for conservative treatment in reducing pain and 
improving function in patellar tendinopathy is of low quality: 
a systematic review of randomised controlled trials including 
GRADE recommendations.

Mendonça LD1, Leite HR1, Zwerver J2, Henschke N3, Branco 
GR1, Oliveira VC1

1 Programa de Pós-Graduação em Reabilitação e Desempenho 
Funcional, Universidade Federal dos Vales do Jequitinhonha e 
Mucuri, Diamantina, Brazil



The International Journal of Sports Physical Therapy | Volume 14, Number 6 | December 2019 | Page S11

2 University of Groningen, University Medical Center Gronin-
gen, Department of Sport and Exercise Medicine, Groningen, 
The Netherlands
3 School of Public Health, Sydney Medical School, University of 
Sydney, Australia

Objective: To determine the effectiveness of conservative treat-
ment (CT) on pain and function in patients with patellar tendi-
nopathy (PT) compared with minimal (MI) or other invasive 
interventions (OI), or in addition to decline eccentric squat. 
Methods: Searches were performed in MEDLINE, Embase, 
Cochrane, PEDro, SPORTDiscus, CINAHL and AMED databases. 
All randomised trials that evaluated CT in individuals with PT 
were included. Two reviewers screened studies, extracted data, 
and assessed risk of bias of all included studies. Meta-analyses 
were conducted and we assessed certainty of the evidence using 
GRADE methodology. 
Results: When compared to MI, CT did not improve pain (mean 
difference = -0.2, 95% CI -1.5 to 1.1) or function (mean differ-
ence = -2.2, 95% CI -11.8 to 7.4) at medium/long-term follow-
up. When compared with OI, CT did not improve pain (mean 
difference = -0.4, 95% CI -2.6 to 1.8) or function (mean differ-
ence = 5.9, 95% CI -17.1 to 29.0) at medium/long-term follow-
up. No overall effects were found for combined CT (when a 
conservative intervention was added to decline eccentric squat) 
on pain (mean difference = -0.5, 95% CI -1.4 to 0.4) or function 
(mean difference = -2.3, 95% -9.1 to 4.6) at short-term follow-
up. Single studies showed an effect on pain with iontophoresis 
at short-term follow-up (d=2.42) or dry-needling at medium/
long-term follow-up (d=1.17) and function with exercise inter-
vention at medium/long-term follow-up (d=0.83). 
Conclusions: The estimates of treatment effect have only low-to 
very-low-certainty evidence to support them. 
Clinical implications: There is low to very low certainty evi-
dence to support the short- and long-term effects of exercise, dry 
needling and iontophoresis as treatments for PT. This field of 
sports medicine/sports physiotherapy urgently needs larger, 
high quality studies with pain and function considered among 
the potential primary outcomes.

023
Passive hip stiffness influences hip kinematics on transverse 
plane during the single-leg squat

Diniz KMA1,2, Resende RA2,3, Mascarenhas RO1, Silva HJ2, Filho 
RGT1,2, Mendonça LD1,2

1 Departamento de Fisioterapia – Faculdade de Ciências Biológi-
cas e da Saúde – Universidade Federal dos Vales do Jequitin-
honha e do Mucuri (UFVJM) – Diamantina – Minas Gerais 
– Brazil.
2 Programa de Pós Graduação em Reabilitação e Desempenho 
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Objective: To investigate the association of hip external rotators 
(ER) strength, hip ER passive stiffness and shank-forefoot align-
ment with hip adduction and internal rotation (IR) during sin-
gle-leg squat. 
Methods: Forty-six participants had shank-forefoot alignment, hip 
ER isometric torque, hip ER passive stiffness and hip kinematics 

during single-leg squat assessed. Multiple linear regressions were 
performed to identify the factors which predicted hip adduction 
and IR mean and peak movement during single-leg squat. 
Results: Participants were aged 23.47 years (Standard Devia-
tion [SD] =4.29); had a mean body mass of 60.40 kg (SD= 
11.28), mean height of 1.67 m (SD = 8.9), mean shank-forefoot 
alignment of 12.82 degrees (SD = 12.8), mean passive hip IR 
range of motion (ROM) of 33.36 degrees (SD= 12.18) and hip 
ER torque of 0.44 Nm/kg (SD = 0.14). The results showed that 
passive hip IR ROM predicted only mean (R2= -0.405 (95% C.I. 
= -0.250, -0.048), p=0.005) and peak (R2= -0.341 (95% C.I. = 
-0.223, -0.210); p = 0.019) hip transverse plane during single-
leg squat. 
Conclusion: Hip ER passive stiffness influences hip movement 
in the transverse plane during the single-leg squat. Further pro-
spective studies are necessary to establish the causative rela-
tionship between these two variables. 
Clinical implications: Single-leg squat is commonly used as a 
test to assess lower limb function, especially for knee joint dys-
function. Increased hip adduction and IR are related to hip and 
knee overload. Our results showed that passive hip IR ROM pre-
dicted hip IR mean and peak during single-leg squat. Therefore, 
individuals with a single-leg squat pattern with excessive hip 
displacement on the transverse plane might have their passive 
hip IR ROM investigated by the physical therapist.

024
Financial costs of musculoskeletal injuries in elite female vol-
leyball players

Leite MMAG1,2, Bittencourt NFN2, Verhagen E3, Mendonça LD1,4

1 Post Graduate Program of Reahbilitation and Functional Perfor-
mance (PPGReab), Universidade Federal dos Vales do Jequitin-
honha e Mucuri, Diamantina, Brazil
2 Physical Therapy Department, Minas Tenis Club, Belo Hori-
zonte, Brazil
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4 Physical Therapy Department, Universidade Federal dos Vales 
do Jequitinhonha e Mucuri, Diamantina, Brazil

Objective: To analyze direct and indirect costs of musculoskel-
etal injuries in Brazilian elite female volleyball players. 
Methods: A retrospective cohort study was performed over two 
seasons, analyzing one elite female volleyball team database. 
The direct costs are related to the injury rehabilitation (number 
of physiotherapy visits per injury) and indirect costs are related 
to the low productivity or work absence and were calculated by 
time loss (number of time loss per injury x athlete’s salary per 
day) and matches lost (the number of official matches lost x 
athlete´s salary per match). Descriptive data were organized in 
Microsoft Office® Excel® 2016-2017. 
Results: A total of 24 elite female volleyball players who par-
ticipated in 2015-2016 and 2016-2017 seasons were considered 
in the analysis. Both seasons had the same coach and physio-
therapist. The direct cost was 27,994.40 USD and the average 
cost per injury was 243.43 USD. Considering injuries without 
time loss the total cost was 2,849.50 USD and 25,144.96 USD 
for time-loss injuries. Indirect cost was 12,320.29 USD, which 
was a result of 249 days lost because of injuries. Fifteen offi-
cial matches were lost as a result of musculoskeletal injuries, 
and the club spent 27,518.01 USD because of athlete absence. 
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Analyzing the physiotherapy department budget to female 
volleyball, 45% represented the direct costs to injuries 
rehabilitation. 
Conclusion: The results of the present study showed the finan-
cial impact of musculoskeletal injuries in one elite female vol-
leyball team with a high infrastructure. Future research should 
be done with all the Super League Teams to represent the Brazil-
ian Volleyball costs. 
Clinical implication: The direct costs were higher than the 
indirect costs, showing the importance of the sports physiother-
apist in the team monitoring, since most of the injuries did not 
lead to time loss from training and games.

025
The prevalence and incidence of injuries in Brazilian elite vol-
leyball players

Leite MMAG1,2, Bittencourt NFN2, Bernadoni G2, Melato B2, Ver-
hagen E3, Mendonça LD1,4
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formance, Universidade Federal dos Vales do Jequitinhonha e 
Mucuri, Diamantina, Brazil
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Objective: To analyze the prevalence and incidence of musculo-
skeletal injuries in Brazilian elite female volleyball players. 
Methods: A retrospective study was performed with an elite 
female volleyball team database from 2015 to 2017. Injuries 
were any musculoskeletal complaint that occurred as a result of 
training or competition that required medical assistance. Injury 
incidence was calculated by the number of injuries per 1,000 
hours of exposure in total and also in matches, training and 
strength conditioning training, with a 95% confidence interval. 
Also, the injury burden was calculated by the number of time 
loss per 1,000 hours of exposure multiplied by 1,000. 
Results: A total of 24 elite female volleyball players with mean 
age of 24.63 years old (±5.22), mean body mass of 71.15kg (±8.51) 
and mean height of 182.83cm (±6.15) were considered in the 
analysis. A total of 115 injuries were observed during all seasons 
(5.48 injuries per athlete). Acute injuries were 79% and 21% 
were overuse injuries. A total of 35% were time-loss injuries and 
only 2 injuries were severe (greater than 21 days lost). The 
injury incidence was 5.65/1,000h and the time-loss injuries inci-
dence was 1.97/ 1,000h, considering all matches, training and 
strength conditioning training. Most injuries occurred during 
training (73%), followed by matches (21%) and strength condi-
tioning training (6%). Knee joint and cervical spine injuries 
were the most prevalent followed by ankle, lumbar spine and 
shin. 
Conclusion: The most prevalent injuries were in the knee joint 
and cervical spine. The results could guide strategies for the pre-
vention and rehabilitation of injuries. 
Clinical implications: Effective prevention strategies should be 
implemented targeting the sports demand and injury preva-
lence. The prevalence of overuse injuries was lower than acute 
injuries, showing relevance of the entire sports staff job in load 
management.

026
Preventive effect of tailored exercises on patellar tendinopathy 
in youth athletes

Bittencourt NFN1, Vaz RV2, Oliveira RR3, Scattone-Silva R4, Leite 
MMAG1, Mendonça LD5

1 Sports Science and Physical Therapy Department, Minas Tenis 
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Objective: To analyze the effect of tailored exercises on patellar 
tendinopathy (PT) in Brazilian young athletes. 
Methods: A prospective cohort study was performed during the 
2016 and 2017 seasons. The incidence rates of PT injuries were 
registered from male basketball and volleyball players. In the 
first year, 277 players were tracked (mean age of 14.2 ± 1.9 
years, mean height of 181.2 ± 1,2 meters and mean body mass 
of 71.1 ± 16.4 kilograms) and the eligibility criteria for PT were: 
1) have tendon pain on jumping/landing, running or changing 
directions; and 2) have pain during tendon palpation. Tailored 
exercises were applied in the second year, which 269 athletes 
(mean age of 14.4 ±2,13 years; height of 182.2 ±5.8 cm; weight 
of 72.3 ±12.7 kg) participated in the intervention period. The 
program was implemented for 10 months and all participants 
were part of regular training sessions 3 or 5 times a week during 
the second year. Cox regression for survival analysis was used to 
indicate the effect of tailored exercises on PT. 
Results: Thirty-two athletes had PT in the first season, whereas 
only 12 athletes had PT in the second season. Patellar tendi-
nopathy has decreased significantly in the intervention group 
(HR 2.388, 95%CI 1.30, 4.37, p=0.05) compared to the athletes 
of the first season. 
Conclusion: Athletes that did not participate in the intervention 
season had 2.38 times more chance to have PT. Little is known 
about the development of tendinopathy in childhood and ado-
lescence. PT prevention needs future studies to enhance new 
possibilities and strategies adopted. 
Clinical implications: Tailored exercises could prevent PT inju-
ries which is an overload injury that could lead to months of 
treatment and sport absence. Adding a weekly eccentric load 
squat training to a regular basketball and volleyball exercise rou-
tine enhances lower limb muscle power without triggering 
patellar tendon complains.

027
Heavy-slow resistance training in addition to an ultrasound-
guided corticosteroid injection for individuals with plantar fasci-
opathy: a feasibility study

Riel H1, Olesen JL1, Jensen MB1, Vicenzino B2, Rathleff MS1,3

1 Center for General Practice at Aalborg University, Aalborg, 
Denmark
2 The University of Queensland, School of Health and Rehabili-
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Objective: We aimed to evaluate the feasibility of combining 
heavy-slow resistance training with a corticosteroid injection for 
individuals with plantar fasciopathy. 
Methods: We recruited 20 participants with plantar fasciopathy 
for this prospectively-registered feasibility study (clinicaltrials.
gov: NCT03535896). Participants received an ultrasound-guided 
injection and performed heel raises on a step every second day 
for 8 weeks. To assess participant acceptability of the combined 
interventions and exercise compliance, we used a 7-point Likert 
scale dichotomised to “unacceptable” (categories 1-2) or “accept-
able” (categories 3-7) and training diaries. ≥10/20 had to rate the 
combination “acceptable”, ≥15/20 had to perform ≥20 training 
sessions, and ≥15/20 had to start exercising ≤7 days after injec-
tion to confirm feasibility. 
Results: 18/20 rated the combination acceptable. 5 training dia-
ries could not be retrieved. 10/15 participants performed ≥20 
training sessions and 15/15 started exercising ≤7 days after 
injection. 
Conclusion: Based on participant acceptability and time to exer-
cise start, combining heavy-slow resistance training with a cor-
ticosteroid injection is feasible. Due to loss of 5/20 training 
diaries, firm conclusions regarding exercise compliance could 
not be drawn. 
Clinical implications: As patients found this combination to 
be acceptable, it may be a relevant treatment modality in 
patients with refractory symptoms who do not respond to first-
line treatment. However, the efficacy of this combination com-
pared to other treatments remains to be investigated in future 
studies.

029
A survey on self-care implementation status and sports injuries 
prevention in collegiate male baseball players

Anami K, Urabe Y, Sasadai J, Maeda N
Graduate School of Biomedical and Health Sciences, Hiroshima 
University, Hiroshima, Japan

Objective: In baseball, there are many factors involved in the 
onset of throwing injuries. Previous studies have shown inju-
ries types and frequency. However, it is unclear whether base-
ball players perform self-care and have knowledge about sports 
injuries prevention. The purpose of this study was to investi-
gate the self-care activities such as stretching and attitudes 
toward sports injuries prevention in collegiate male baseball 
players. 
Methods: An internet-based questionnaire was sent to 294 col-
legiate students who belong to the baseball club in Japan. This 
survey asked self-care implementation situation, specific body 
parts and effective methods of sports injuries prevention. If 
there were no appropriate options, they were asked to input 
using text boxes. 
Results: Responses were obtained from 118 players, with a 
response rate of 40%. A total of 89 players (75%) performed self-
care for injury prevention and most targeted upper extremity: 
shoulder joint (34%), thoracic spine (16%) and forearm (16%). 
98 players (83%) were interested in sports injuries prevention, 

of which 79 players (82%) had little knowledge on how to pre-
vent sports injuries. 
Conclusion: In this study, a large number of collegiate baseball 
players performed self-care for shoulder joint. On the other 
hand, there were many players who had little knowledge for 
sports injuries prevention. Previous studies have indicated that 
not only shoulder joint but also thoracic mobility and forearm 
muscle flexibility were required to prevent throwing injuries. 
Therefore, it is necessary to increase the frequency of screening 
opportunities for injury prevention and therapists should sug-
gest to baseball players how to implement self-care other than 
shoulder joint. 
Clinical implications: In order to reduce throwing injuries, 
therapists should increase opportunities to provide more infor-
mation to baseball players about the significance and method of 
performing self-care.
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The relationship between foot sole sensitivity and lower limb 
biomechanics during single-leg stance and single-leg jump 
landing

Klemp J1,2, Alfuth M1,2

1 Therapeutic Sciences, Faculty of Health Care, Niederrhein 
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Objective: The purpose of this study was to investigate the cor-
relation between foot sole sensitivity and postural control in 
single-leg stance as well as muscle activity during single-leg 
jump landing. 
Methods: Twenty-two healthy subjects (24.2 ± 6 years) partici-
pated. Plantar cutaneous thresholds to light touch were deter-
mined at three locations of the foot sole using Semmes-Weinstein 
monofilaments. The center of pressure (COP) displacement 
during single-leg stance was measured using a force plate 
(Bertec, 1000 Hz). Vertical ground reaction forces (vGRF) and 
muscle activity of six muscles were recorded during a single-
leg jump landing task using a force plate (Bertec, 1000 Hz) and 
surface electromyography (EMG, Noraxon, 1500 Hz). Correla-
tions between plantar sensitivity, COP displacements, vGRF 
and EMG-data were determined using Spearman’s rank corre-
lation coefficient rho or Pearson’s correlation coefficient 
(p<0.05). 
Results: Plantar sensitivity at the metatarsal head I was nega-
tively correlated to the activity of the vastus lateralis muscle at 
peak vGRF (r=-0.51; p=0.02) and during the stabilization phase 
after jump landing (r=-0.54; p=0.014). The medio-lateral COP 
displacement was positively correlated to the activity of the 
peroneus longus muscle during the stabilization phase after 
jump landing (r=0.53; p=0.018). 
Conclusion: A low cutaneous threshold at metatarsal head I 
seems to moderately correlate to an increased activity of the 
vastus lateralis muscle during single-leg jump landing. An 
increased medio-lateral COP displacement appears to relate to 
an increased peroneus longus muscle activation during the sta-
bilization phase of jump landing. 
Clinical implications: The findings of the study may be rele-
vant for the prevention and rehabilitation of injuries to the 
lower extremity. Furthermore, results may be interesting for 
companies producing athletic shoes or therapeutic insoles.
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Objective: Improving exercise therapy adherence after youth 
sport-related musculoskeletal injury is crucial for recovery and 
reducing long-term consequences. This scoping review consoli-
dates reported barriers, facilitators, and strategies to boost exer-
cise therapy adherence in youth musculoskeletal injuries to 
inform future research and clinical practice. 
Methods: Arksey and O’Malley’s framework and the PRISMA 
Extension for Scoping Reviews were followed. Six databases 
were searched using predetermined keywords and subject head-
ings. English studies with original data featuring an adherence 
barrier, facilitator, or boosting strategy and youth (0-19 years) 
with musculoskeletal disorders treated with exercise therapy 
were included. Two authors independently conducted title/
abstract and full-text reviews, and assessed study quality with 
the Mixed Methods Appraisal Tool. Descriptive consolidation 
and inductive thematic analysis were completed. 
Results: Of 4,930 records, 34 studies representing 1,563 partici-
pants (65% female, 2-19 years old), 11 musculoskeletal disorders 
and multiple exercise interventions were included. Time con-
straints, physical environment (e.g., location), and negative 
exercise experiences were commonly identified barriers. Social 
support and positive exercise experiences were frequently iden-
tified facilitators. Reinforcement, exercise program modifica-
tion, and education were recurring boosting strategies, despite 
being infrequent barriers or facilitators. Exercise experience, 
time, and environment (physical and social) emerged as key 
themes related to youth exercise therapy adherence. 
Conclusion: A diversity of barriers and facilitators to exercise ther-
apy for youth musculoskeletal disorders exist. Strategies to boost 
adherence are not consistent with identified barriers or facilitators. 
Clinical implications: Making exercise enjoyable, social, and 
convenient may be important to maximizing adherence to exer-
cise therapy in young injured athletes.
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Relationship between mechanical stress and injury around the 
hip joint due to kicking action in football.
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Objective: In this study, we analyzed the association between 
kick-induced stress distribution and the clinical findings of inju-
ries around the hip joint. 
Methods: We selected 5 healthy football players. They per-
formed the inside, instep, and infront kick 3 times each with 
right foot. 3D motion analysis device was used to record their 
motion. The motion analysis software was used to calculate 
stress between hip joints and the angle of the hip joint. In addi-
tion, the bone strength analysis software was used to analyze 
the CT and MRI data of each subject to develop a finite-element 
(FE) model. Then, hip joints calculated in dynamics analysis 
was input as a load value into the FE model for the stress 
analysis. 
Results: At the time of BI, kicking motions produced a high-
stress area in the pubic ramus compared with other areas. Stress 
generated in the superior and inferior rami of the pubic bone 
was 3.52 and 2.94 MPa for the inside kick, 7.15 and 5.40 Mpa for 
the instep kick, and 4.47 and 3.33 Mpa for the infront kick, 
respectively. Compared to the static posture, the stress distribu-
tion at the superior and inferior pubic ramus was 3-fold and 
2-fold, respectively. 
Conclusions: The high-stress area was the same area where 
groin pain syndrome occurs in the clinical examination of foot-
ball-related hip joint injury and where fatigue fractures occur in 
pubic bone rami. Then, the values of equivalent stress gener-
ated by the inside kick, instep kick, and infront kick in the supe-
rior and inferior rami were approximately 3-fold, 5-fold, and 
3-fold. We revealed the relationship between the clinical symp-
toms of the hip joint and previously reported kick-related inju-
ries around the hip joint. 
Clinical implications: It was found that the kicking motion in 
football includes not only muscle stress but also bone stress con-
firmed by clinical findings. It should be taken into consideration 
that not only the muscle tightness but also the kicking motion 
itself affects the bone.

033
Niseko resort changes Japanese ski safety

Urabe Y, Takeuchi T, Sasadai J, Maeda N
Graduate School of Biomedical and Health Sciences, Hiroshima 
University, Japan

Objective: Niseko is a town in Hokkaido which is located north 
of Japan. In Niseko, high quality powder snow is falling for 
many days in winter. There is famous for the best powder snow 
called “JAPOW”. Therefore, Niseko is visited by many tourists 
from all over the world and English is used more frequently 
than Japanese. In the past, number of accidents in Niseko 
increased because of backcountry skiing’s popularity. However, 
no severe accident has occurred in Niseko in recent years. We 
conducted a field work at Niseko for skiing safety. We investi-
gated the frequency and severity of backcountry skiing injuries 
in Japan and Niseko. 
Methods: Interview survey was carried out in Niseko. We inves-
tigated the number of injuries in Niseko ski resort and the situ-
ation of severe ski accidents in Japan. 
Results: About 50 severe backcountry skiing injuries occur 
every year in Japan, and 20 of them were fatal. The severe 
injury means head, back injury and suffocation. 1985 to 2000, 
there were 9 skiing fatalities in Niseko every year. All fatalities 
were caused by avalanches. 8 fatalities were backcountry skiing. 
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These Niseko ski resorts prohibited out of bounds skiing. These 
were called “Niseko Rule”. “Niseko Rule” was promulgated in 
2001. No fatalities have occurred since 2001. 
Conclusion: The important point of “Niseko Rule” is that Niseko 
resorts and the local community respect the freedom of moun-
tain users and place a strong emphasis on the sage usage of the 
mountain. Ski Patrol checks the conditions of each ski resort for 
the boundaries of the “Niseko Rule”. The helmet wearing rate of 
users of Niseko resorts has increased due to the influence of 
foreign tourists. It will contribute to skiing safety. 
Clinical implications: The number of skiers in Japan is one 
third of the peak period. Previously, many ski resorts closed 
during this contraction. Recently, new resorts opened and the 
skier population has stabilized. Niseko provides an opportunity 
to expand the skier population, further.

036
Guided load management for female soccer athletes: a case 
series using global positioning system technology (GPS) during 
return to sport

Finlay SG, Grelle BA, Andersen JC
Department of Health Sciences and Human Performance, The 
University of Tampa, Tampa, Florida, USA

Objective: Player availability post-surgery can be challenging, 
however, implementing a GPS guided load management pro-
gram can maximise readiness. 
Methods: In Fall 2017, Patient A (20 yrs, Centre Back) under-
went patellofemoral realignment and Patient B (21 yrs, Centre 
Midfielder) underwent ACL reconstruction. Both players were 
cleared medically to play in the 2018 season and seventy-six 
sessions were monitored during the season. Modification of 
total distance (TD) and high-speed running (HSR) quantified 
by GPS was implemented with the medical staff to manage 
ongoing injury site symptoms. Training loads were based on 
absolute and relative values of individual match TD and HSR. 
TD and HSR (velocity >14.4km/h) were measured in metres 
(m). 
Results: Patient A’s average match duration was 84±23 min-
utes (min) and Patient B’s average match duration was 
90±12min. Overall team match duration was 95±8min. 
Patient A match loads were TD 8763±3826m and HSR 
1039±509m. Patient B match loads were TD 8652±2281m and 
HSR 981±307m. Team match loads were TD 7431±1430m and 
HSR 1090±235m. Patient A training loads were TD 5201±1048m 
and HSR 463±352m; which was 59.3% of TD and 44.5% of HSR 
match load. Athlete B training loads were TD 4415±1650m and 
HSR 333±209m, which was 51% of TD and 33.9% of HSD 
match load. Team training loads were TD 4612±1296m and 
HSR 474±301m. This was 62% of TD and 43.4% of HSR match 
load. 
Conclusion: As a result of implementing a GPS guided load 
management program, both athletes were available for starter 
selection for all matches throughout the whole competitive sea-
son and were able to play the majority of match duration. 
Clinical implications: Successful collaboration between the 
medical and sport science teams can ensure injured player readi-
ness and availability for matches. The prioritisation of drills is 
paramount for ensuring that players are maximising training 
potential despite being restricted to lower loads compared to the 
team.
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A comparison of scapular position and the Davies closed kinetic 
chain stability test
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Objective: Appropriate evaluation of scapular dyskinesia can 
help in developing strategies for improving strength and func-
tional sport-specific abilities. The purpose of this study was to 
explore the relationship between the reliability of scapular posi-
tions in recreational collegiate athletes as a comparison to the 
athletes’ ability to perform the Davies Closed Kinetic Chain 
(CKC) Stability Test. 
Methods: Data were collected to address the specific aims: eval-
uate the ability of a therapist and student physical therapist to 
identify Kibler types, and additionally to evaluate the associa-
tion of Kibler types and performance on the Davies CKC Upper 
Extremity Stability Test. Inclusion criteria: 18-to-40 years and 
follow instructions in English. Exclusion criteria: no upper 
extremity injury in the last year, no history of head or neck inju-
ries in the past year, and have not been diagnosed with 
hypertension. 
Results: Seventy-four participants (36 males, 38 females; mean 
age 23.1±3.01 years) completed the study. Reliability between 
therapist and student physical therapist was excellent (Cron-
bach’s α=0.96) for static and dynamic scapula positions: hands 
by side, hands on hips, and bilateral flexion. Kibler type I was 
the most frequent presentation in all 3 testing positions and 
those with a Kibler type I performed better on the Davies CKC 
Upper Extremity Stability Test (25.38 touches averaged over 3 
trials). Performance of touches Standard Error of Measurement 
for Kibler types ranged from 1.03 to 1.54. Older participants did 
better on the Davies CKC Upper Extremity Stability Test than 
younger participants. 
Conclusion: Kibler scapular identification between students 
and therapists has excellent reliability in recreational athletes. 
Recreational athletes with Kibler Type I performed better than 
Kibler Type IV classifications. 
Clinical implications: Kibler classifications do not indicate per-
formance on the Davies CKC Upper Extremity Stability Test for 
recreational athletes.

038
What is the domain-specific burden of hip-related pain in men 
and women who play competitive football?

Scholes M1, Kemp J1, Mentiplay B1, Semciw A1,2, Heerey J1, 
King M1, Lawrenson P2, Crossley K1
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2 University of Queensland, Brisbane, Australia

Objective: Describe the domain-specific burden of hip-related 
pain (HRP) in competitive football players and explore whether 
sex-based differences exist within this population. 
Methods: A cross-sectional study design was used to compare sub-
elite football (Australian Rules and soccer) players with and with-
out HRP. Symptomatic participants (HRP) were eligible for 
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inclusion if they reported greater than six months of hip and/or 
groin pain and had a positive flexion/adduction/internal rotation 
(FADIR) test. Healthy control participants were included if they 
had no history of pain and a negative FADIR test. All participants 
completed the International Hip Outcome Tool-33 (IHOT-33) and 
Copenhagen Hip and Groin Outcome Score (HAGOS). For all 
HAGOS and IHOT-33 subscales, between-groups comparisons 
were made (symptomatic men (SM) vs symptomatic women (SW), 
SM vs asymptomatic men (AM), and SW vs asymptomatic women 
(AW)) using analysis of covariance (ANCOVA) and controlling for 
covariates (body mass index (BMI), symptom duration). 
Results: 187 (149M, 38W) symptomatic and 55 (41M, 14W) 
asymptomatic football players were included. Symptomatic 
men reported longer symptom duration (MD 16 months [95% CI 
2.28 to 30.30], P=0.023) and higher BMI (MD 3.4 kg/m2 [95%CI 
0.96 to 6.19], P=0.003) when compared to SW. Men and women 
with HRP were worse on all domain subscales when compared 
to healthy controls of the same sex (p ≤ 0.001). Within the symp-
tomatic football players, SW reported significantly worse symp-
toms (MD -5.84 [95%CI -11.13 to -0.55], p = 0.031) and pain (MD 
-7.07 [95%CI -12.02 to -2.11], p = 0.005) using the HAGOS sub-
scales when compared to SM. 
Conclusion: Football players with HRP report reduced function 
and performance during football when compared to asymptom-
atic players. There is no clinically important difference in the 
described burden between sexes. 
Clinical implications: Clinicians should consider sport-specific 
function when managing football players with HRP.
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The roles of psychological, social, and contextual factors in 
recovery after a sport-related knee injury: a scoping review
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LC6,7, Whittaker JL1,7
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Objective: Rehabilitation of sport-related knee injuries predomi-
nantly focuses on physical impairments despite calls to address 
psychological, social, and contextual (non-physical) factors. 
This scoping review aimed to explore the role of non-physical 
factors across the acute, rehabilitation and return to sport (RTS) 
stages of recovery following a sport-related knee injury. 
Methods: This review followed the PRISMA Extension for scop-
ing reviews and Arksey and O’Malley framework. Six electronic 
databases were searched. Included studies contained original 
data that described a non-physical factor related to rehabilita-
tion, recovery, or RTS after a traumatic sport-related knee 
injury. Two authors independently conducted title-abstract and 
full-text reviews. Study quality was assessed with the Mixed 
Methods Appraisal Tool. Thematic analysis was undertaken. 

Results: Of 7,289 records, 77 studies representing 5,540 partici-
pants (37% females, 84% anterior cruciate ligament tears, aged 
14-60 years) were included. Psychological factors were reported in 
all studies, while only 39% and 25% of studies reported on social 
and contextual factors, respectively. 84% of studies investigated 
non-physical factors during the rehabilitation or RTS stage with 
few considering them at time of injury. A cross-cutting concept of 
individualization was present across four psychological (barriers 
beyond fear, active coping, independence, recovery expectations), 
two social (social support, engagement in care), and two contex-
tual (environmental influences, sport culture) themes. 
Conclusion: Diverse psychological, social, and contextual fac-
tors are present across all stages of recovery following a trau-
matic sport-related knee injury. A better understanding of these 
factors at the time of injury could assist with optimizing injury 
management. 
Clinical implications: It is essential that psychological, social, 
and contextual factors are prioritized in the management of 
sport-related knee injuries.

040
Early use of anti-gravity treadmill training for return to running 
following tibial stress fracture

Dhamnaskar GS
Department of Physical Therapy and Sports Performance, NYU 
Langone Orthopedic Center, New York City, New York, USA

Objective: Anti-gravity treadmill training (ATT) has been pro-
posed as an effective treatment in the rehabilitation of tibial 
stress fractures in runners. This case study highlights the use of 
ATT early in the rehabilitation resulting in pain free return to 
running within 14 sessions. 
Methods: A 36-year-old female long-distance runner was diag-
nosed with a grade 2 stress reaction of the right distal tibial 
diaphysis. Primary intervention consisted of ambulation with a 
CAM boot for 6 weeks and complete cessation of running. At 
initial physical therapy evaluation, the patient scored a 3/6 on 
the step down test of her right leg and 69/80 on her Lower 
Extremity Functional Scale (LEFS). The patient’s goal was to 
return to running at a pre-injury pace of 11 minutes per mile 
(min/mi) for 4 miles. Treatment included strength training, 
neuromuscular re-education and ATT with cadence training and 
verbal cues. The patient completed 7 sessions of ATT at a pace 
of 15 min/mi and body weight (BW) progressions of 10% weekly 
from 60% to 90%. Intermittent verbal cues of ‘forward trunk 
lean’ and ‘core activation’ were given. Cadence training was ini-
tiated at 90% BW running increasing from 163 steps per minute 
(spm) to 180 spm. Thereafter, through interval running on the 
treadmill she returned to steady running at her desired pace of 
11 min/mi. 
Results: The patient completed a total of 14 sessions over 8 
weeks including ATT at visits 3 through 9. At last visit, the 
patient reported having ran pain free for “4 miles at 9.5 min/mi 
at 180spm” exceeding her pre-morbid level of running. Scores 
on step down test improved to 0/6 and LEFS improved to 80/80. 
Conclusion: ATT offered progressive tibial loading and greater 
specificity of exercise to allow for a successful return to running 
following tibial stress fracture. 
Clinical implications: Future research may focus on comparing 
the use of ATT to other treatments in return to running follow-
ing tibial stress fractures.
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tional recovery targets in young athletes after ACL reconstruction
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Objective: National registry data have established Knee injury 
and Osteoarthritis Outcome Score (KOOS) functional recovery 
(FR) target values for adults after ACL reconstruction (ACLR). 
However, the specificity of these targets for young athletes is 
unclear. The purpose of our analysis was to develop age- and 
activity-relevant KOOS FR targets and test the hypothesis that 
higher hop test performance and strength would be associated 
with KOOS FR at the time of return-to-sport (RTS) after ACLR. 
Methods: 222 young athletes (56 uninjured controls, 17.2±2.4 
years, 73% female; 166 after ACLR, 16.9±2.2 years, 68% female) 
were included in this cross-sectional analysis from a larger 
cohort study. Controls completed the KOOS, and FR target val-
ues were defined as the lower bound of the 95% confidence 
interval for each KOOS subscale. ACLR participants completed 
laboratory testing within 4 weeks of RTS clearance, including: 
the KOOS, single-leg hop tests, and isometric quadriceps 
strength. Logistic regression determined predictors of KOOS FR 
among demographic/injury, hop, and strength data (α≤0.05). 
Results: KOOS FR targets from healthy young athletes were: 
Pain≥94, Symptoms≥92, ADL≥97, Sport≥92, Quality-of-Life≥92. 
ACLR participants met the KOOS FR targets in the following 
proportions: Pain, 63%; Symptoms, 42%; ADL, 80%; Sport, 45%; 
Quality-of-Life, 24%; overall FR (met all subscale targets), 17%. 
Predictors of overall FR were: younger age (OR: 0.8), hamstring 
graft (OR: 3.2), pediatric ACLR (OR: 8.9), single-hop limb-sym-
metry index (LSI)≥90% (OR: 9.0), crossover-hop LSI≥90% (OR: 
8.4), and quadriceps strength LSI≥90% (OR: 3.5). 
Conclusion: A small proportion of young athletes recently 
cleared for RTS after ACLR meet age- and activity-relevant tar-
gets for knee function. 
Clinical implications: Ensuring that ACLR patients at RTS meet 
90% LSI on single-leg hop tests and quadriceps strength may be 
associated with meeting age- and activity-relevant targets for 
knee function.

042
Abnormal muscle coordination rather than hip abductor muscle 
weakness may underlie increased pelvic drop during running

Preece SJ, Elsais WM, Herrington L, Jones R
Health Sciences Research Centre, University of Salford, UK

Objective: To investigate whether inter-subject differences in 
activity of the hip extensor muscles during running could 
explain differences in frontal pelvic angles. 
Methods: A total of 25 healthy runners were tested during over 
ground running at 3.2m/s. Pelvic and lower limb kinematics 
were collected along with bilateral EMG data from three adduc-
tor muscles (longus, magnus and gracillis), gluteus medius, 
medial hamstrings and gluteus maximus. To eliminate potential 
crosstalk, an ultrasound-based protocol was used to place the 
adductor EMG electrodes. A maximal voluntary isometric con-
traction (MVIC) was collected for each muscle group and maxi-
mal isometric abductor strength assessed using a dynamometer. 
The timing and magnitude of the peak pelvic angle in the fron-
tal plane was identified bilaterally for each subject. EMG activ-
ity, normalised to MVIC, was averaged across a window 
immediately preceding this peak angle. Univariate correlations 
were then investigated between muscle activity and peak pelvic 
angle. 
Results: Significant positive correlations (r=0.64 to 0.65) were 
observed between adductor magnus activity and peak pelvic 
angle. Conversely, moderate negative correlations were found 
between the other hip extensors (gluteus maximus and ham-
strings) and peak pelvic angles (r=-0.41 to -0.5). There were no 
correlations between abductor strength and peak pelvic angle. 
Conclusion: Altered coordination of the hip extensor muscles, 
characterised by increased adductor magnus activity and 
decreased hamstring/gluteus maximums activity, may underlie 
increased frontal plane pelvic movements. 
Clinical implications: Increased frontal plane pelvic angles are 
associated with running injuries, such as patellofemoral pain and 
ITBS. Future clinical intervention studies could focus on improv-
ing muscle synergy rather than on hip abductor strengthening.

043
Between-day repeatability of lower limb muscles during running

Preece SJ, Elsais WM, Herrington L, Jones R
Health Sciences Research Centre, University of Salford

Objective: To investigate the reliability of a protocol for collect-
ing EMG data from the lower limb muscles during over ground 
running. 
Methods: EMG data were collected from 12 lower limb muscles. 
The SENIAM guidelines were used to position electrodes over 
gluteus maximus/medius, vastus lateralis/medialis, medial/lat-
eral hamstrings, medial/lateral gastrocnemius and tibialis ante-
rior. To eliminate potential crosstalk, an ultrasound-based 
protocol was used to place the adductor EMG electrodes. Data 
were collected from 10 healthy runners on two separate test ses-
sions. At each session participants ran at 3.2m/s and also per-
formed a maximal voluntary isometric contraction (MVIC) for 
each muscle group. During data collection force data was moni-
tored to ensure no net acceleration or deceleration of the run-
ner’s centre of mass. Following data collection, the force data was 
used to define events and then create ensemble average profiles, 
normalised by MVIC, for each muscle/participant for the two 
separate days. A coefficient of multiple correlation (CMC) was 
then used to quantify waveform similarity of the muscle activa-
tion profiles between the two different testing sessions. 
Results: Seven of the tested muscles exhibited a high level of 
repeatability (CMC=0.91-0.96). Good to moderate repeatability 
was observed for the two hamstrings (CMC=0.77-0.87), adduc-
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tors longus (CMC=0.83), gracilis (CMC=0.7) and tibialis ante-
rior (CMC=0.87). 
Conclusion: This is the first study to assess between-day vari-
ability of EMG profiles during running. The data show that 
healthy runners have consistent muscle activation patterns 
which can be measured repeatably. 
Clinical implications: We suggest that this EMG protocol should 
be used to quantify muscle activity differences between runners 
with different kinematic patterns or between healthy runners 
and those with pathology.
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Scared to move: kinesiophobia in the acute stages of youth 
sport-related knee injuries
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Objective: Despite its association with poor long-term out-
comes, little is known about the onset or physical manifesta-
tion of kinesiophobia early after youth sport-related knee 
injury. This research assesses the relationship between kinesio-
phobia and knee strength, balance, or moderate-to-vigorous 
physical activity (MVPA) in acutely injured compared to unin-
jured youth. 
Methods: Participants included 44 youth (11-19 years) with an 
acute (<4 months) sport-related knee injury and 44 uninjured 
age-, sex-, and sport-matched controls. The outcome was the 
Tampa Scale for Kinesiophobia (TSK). Covariates included nor-
malized bilateral knee extensor and flexor strength (isokinetic 
dynamometer; Nm/kg), bilateral Y-balance test (YBT), and aver-
age daily minutes of MVPA (ActiGraph). Descriptive statistics 
including matched-pair difference (95%CI) were calculated for 
all variables by study group. Unadjusted conditional (matched-
pair) logistic regression assessed the odds of TSK score >37 by 
study group (odds ratio; 95%CI) and multivariable regression 
(95%CI) assessed the association between TSK score and each 
covariate, adjusting for injury history. 
Results: Participant median age was 17 years (range 10-20) and 
65% were female. The median time since injury was 1.5 months 
(range 0.4-4.2). The injured group had higher TSK scores 
[matched-pair difference (95%CI); 5 (3, 8)]; demonstrated 
weaker index (injured) knee extensor [-1.42 Nm/kg (-2.00, 
-0.84)], index flexor strength [-1.02 Nm/kg (-1.53, -0.51)], and 
non-index knee extensor [-0.56 Nm/kg (-1.08, -0.05)]; and had a 
4.75-fold (95%CI 1.62, 13.96) greater odds of TSK score >37 
compared to uninjured controls. No associations were found 
between TSK and strength, YBT, or MVPA. 
Conclusion: Injured youth have increased kinesiophobia early 
after injury, but this fear does not appear to be related to physi-
cal outcomes. 

Clinical implications: Kinesiophobia should be managed in the 
acute stages of a youth sport-related injury.
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Injury patterns and perceived risk factors among basketball 
players in Nigeria.
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Objective: This study was designed to determine the preva-
lence, pattern of injury and perceived risk factors of basketball 
players in Nigeria. 
Methods: The study was a cross-sectional survey involving 110 
basketball players (96 males and 14 females) including amateur 
and professionals. The amateur players were recruited from 
various stadia in Lagos state and professional players were those 
who participated in the Dstv Basketball Premier League. The 
trainings and matches were watched and recording was done. 
Basketball-related injury data were collected during trainings 
and matches using a standardized basketball injury report ques-
tionnaire. Data was analysed using SPSS version 21.0 and was 
summarized with mean, standard deviation, frequency, per-
centage and tables. 
Results: The 12-month prevalence of sport injury during train-
ing sessions for the basketball players was 80.8%. Sudden turn 
or twist (40.0%) was the most common cause of injury and the 
majority of injuries were to the lower extremities, especially at 
the ankle joint (39.1%). Ligament sprain (52.7%) was the most 
common type of injury and massage (41.8%) was the most fre-
quently used modality for treatment. 81% of the players never 
made use of mouth guard and 83% always play on a concrete 
surface during training session. 
Conclusion: The findings from this study show that the preva-
lence of basketball injury was relatively high compared with 
other studies. The major perceived risk factors were non-usage 
of mouth guard and playing on a concrete surface. 
Clinical implications: As compared with previous studies, 
future research should further investigate on injury prevalence 
with regard to player’s position and prevention strategies. These 
basketball injury cases could be significantly more rapidly 
reduced by ensuring the use of protective equipment, trained 
coaches, good technique, proper training floor with provision of 
physical therapists and medical doctors working with teams.

046
Effectiveness of Dry Needling Combined with a Treatment Pro-
gramme for Musculoskeletal-related Chronic Pain: A Systematic 
Review and Meta-analysis

Fagundes AG1, Fischer C1,2, Alves CE1, Poton R1
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Universitá rio IBMR/Laureate International Universities, Rio de 
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Objective: To examine the effectiveness of dry needling (DN) 
combined with a treatment programme (TP) in comparison 
with TP alone in patients presenting musculoskeletal chronic 
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pain, by analysing the differences in pain intensity from base-
line to the last available follow-up. 
Methods: A systematic review was performed according to the 
PRISMA guidelines. Pubmed, PEDro, Cochrane Library, Science 
Direct, SportDiscus, Web of Science and Ovid databases were 
searched. To assess changes in pain intensity, the effect size was 
calculated using Hedge’s g (CI=95%). Considering the I-squared, 
the random effect model was adopted. 
Results: 1,082 articles were identified. After assessing for rele-
vance, six randomised controlled trails were included. Data was 
extracted from 581 participants. The Downs and Black quality 
assessment revealed that scores ranged from 20 to 27 (maxi-
mum score = 31; mean = 24). The heterogeneity between stud-
ies was significant (I²=73.21%; p<0.001), no publication bias 
was identified. 11 meta-analyses were performed. Both DN+TP 
and TP showed a statistically significant decrease in pain, how-
ever the DN+TP presented higher decreases in the immediate 
period (Δ=22.89%; g=-0.687; p<0.001) , three-month follow-up 
(Δ=36.08%; g=-0.629; p=0.005) and six-month follow-up 
(Δ=27.03%; g=-0.706; p=0.039) when compared to TP alone. 
Conclusion: Moderate-low to moderate-high quality evidence 
suggest that DN+TP is more effective than TP for decreasing 
chronic pain in the immediate and long-term. 
Clinical implications: DN has a potential effect on the reduction of 
chronic pain associated with myofascial pain syndrome, as it seems 
to act directly on the trigger point. Although previous reviews have 
pointed out that DN alone is as effective as commonly utilized phys-
iotherapy interventions, this study suggests that including DN as 
part of a TP may be a more effective clinical strategy for the man-
agement of musculoskeletal-related chronic pain.
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Sticking with it? Adherence to a neuromuscular training injury 
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Objectives: To determine coach and player adherence and 
explore coach-related factors associated with adherence to the 
SHRED Injuries Basketball neuromuscular training (NMT) 
warm-up (SIB) in youth basketball. 
Methods: This study is based on a cluster randomized controlled 
trial (RCT) investigating two different delivery methods for SIB. 
All teams were asked to perform the SIB before every practice 
and game sessions. Adherence was tracked prospectively, for 34 
youth basketball teams, at the team level by team designates, 
through daily reports, and at the player level by study physio-
therapist by random mid-season direct observation of six teams 
(three per RCT group). Team adherence was measured as utili-

zation fidelity (UF, proportion of total number of expected exer-
cises) and cumulative utilization (CU, proportion of total 
sessions possible); and player adherence as exercise fidelity (EF, 
proportion of player observations in which all aspects of exer-
cise components were performed correctly). A cut-point of 80% 
was indicated as in optimal adherence based NMT dose-response 
literature. Factors explored included age, years of coaching 
experience, level of education and post-workshop intention to 
use SIB through the season. 
Results: Overall, 31 teams with baseline coach information and 
all 63 observations from 45 players were analyzed. UF, CU and 
EF were 93.5%, 71.0% and 47.6%, respectively. Delivery meth-
ods for SIB had no impact on adherence. Among the factors 
evaluated, younger age (t=2.40; p=0.023) and less years of 
coaching experience (z=1.99; p=0.047) were significantly asso-
ciated with optimal adherence. 
Conclusion: While adherence to the SIB program was high 
based on CU, proper program execution was suboptimal at both 
the team and player levels. Determinants of optimal adherence 
to NMT programs need further evaluation. 
Clinical implications: Coaches and players need to be thor-
oughly educated on the importance of proper program execu-
tion for optimum injury risk mitigation.

048
Morphological features of deep cervical muscles between 
patients with poor posture and healthy controls: a high-fre-
quency ultrasound imaging study

Zhang E, Yang Z, Wang Z
School of Sports Medicine and Physical Therapy, Beijng Sport 
University, Beijing, China

Objective: This study aimed to observe the difference in mor-
phologic characteristics of deep cervical muscles between 
young females with poor cervical posture and normal posture, 
and further evaluate the intervention effects of different 
methods. 
Methods: 18 female patients with poor posture (forward head 
angle > 41°) were selected as the experimental groups (EG) and 
10 healthy counterparts as the control group (CG). EG were 
divided randomly into two groups: Craniocervical Flexion Exer-
cise (CFE) group and Isometric Resistance Exercise (IRE) group. 
Both groups were required to complete the training plan. There 
was no intervention in the CG. High-frequency ultrasound imag-
ing was used to observe deep cervical flexors (DCF) and extensor 
muscles’ morphology in all participants. The test equipment was 
a full digital color doppler ultrasound diagnostic system (Apogee 
1000). All participants were required to complete the muscles’ 
morphology measurement of deep cervical flexion and exten-
sion muscle including DCF and semispinalis capitis (SSC). The 
cross-sectional area (CSA) of muscles were measured. 
Results: 1) Compared with CG, there was a significant difference 
in CSA of right DCF and muscle endurance in the poor posture 
group; 2) The result of the muscle morphology measurement 
revealed that there was a significant improvement in cross-sec-
tional area of right DCF and the transverse dimension of left SSC 
in CCE group (P<0.05). As for the IRE group, the cross-sectional 
area of left DCF had a significant improvement (P<0.05). The 
other indexes of two groups did not significantly differ. 
Conclusion: Compared with the normal posture people, there 
was a significant difference of morphologic characteristics of 
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deep cervical muscles in the poor posture people. Both of the 
CFE and the IRE can improve the function of the DCF. 
Clinical implications: The high-frequency ultrasound imaging 
technique could be applied to the evaluation of deep cervical 
muscles.
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Clinical and Performance Assessments in Athletes with Ante-
rior Cruciate Ligament Reconstruction after Return-to-Sports
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Objective: To compare and evaluate clinical and laboratory per-
formance assessments in athletes with anterior cruciate liga-
ment reconstruction (ACLR). 
Methods: Thirty athletes (15 ACLR and 15 healthy) were 
recruited. In return-to-sports situation of athletes with ACLR, 
they were assessed using a single-leg hop test, knee extension 
and flexion isokinetic tests, and landing performance with the 
landing error score system (LESS). Limb symmetry index (LSI) 
between sides was reported. Independent t-test and Mann-Whit-
ney test were used when the sampled data was normal and non-
normal distribution, respectively. For further analysis, 16 
athletes from our sample (8 ACLR and 8 healthy) were asked to 
perform a single-leg landing in various directions (forward, diag-
onal, and lateral directions). Lower limb moments were collected 
in the motion analysis laboratory. Two-ways mixed ANOVA was 
used to analyze. Knee joint coordination was also measured. 
Results: Average time after ACLR was 19 months (SD 10, 95%CI 
14, 25). We found that single hop distance and LSI of knee exten-
sor strength were significantly different (p=0.006) between 
ACLR and healthy groups. No significant difference (p>0.05) 
was observed in LESS score and LSI of knee flexion strength and 
single-leg hop distance. Directions significantly influenced joint 
moments of the lower limb at peak ground reaction force while 
group and interaction effect did not show. 
Conclusion: Direction of jump landing influenced lower limb bio-
mechanics in both groups. After return-to-sports, lower limb bio-
mechanics of athletes with ACLR were similar to uninjured 
athletes during landing. However, athletes with ACLR still showed 
some deficits including single hop and knee muscle strength tests. 
Clinical implications: After return-to-sports, risks of recurrent 
ACL injury should be monitored even in those who completed a 
rehabilitation program.

050
Tensor fascia latae muscle structure and activation in individu-
als with lower limb musculoskeletal conditions: a systematic 
review and meta-analysis

Besomi M, Maclachlan L, Mellor R, Vicenzino BT, Hodges PW
School of Health and Rehabilitation Sciences, The University of 
Queensland, Brisbane, Australia

Objective: To systematically review the literature of structure 
and activation of the tensor fascia latae muscle (TFL) in indi-
viduals with lower limb musculoskeletal conditions. 

Methods: A comprehensive search in MEDLINE, EMBASE, CIN-
HAL, and LILACS was undertaken from inception to 5 Novem-
ber 2018. Studies investigating the structure or activity of the 
TFL between individuals with a lower limb musculoskeletal 
condition and a pain-free control group were included. 
Results: Sixteen studies were included (n=524 participants), 
eight reporting structure and eight activation (electromyogra-
phy [EMG]). Conditions included greater trochanteric pain syn-
drome (GTPS), hip joint pathology (including femoroacetabular 
impingement), ACL injury, iliotibial band syndrome (ITBS), and 
patellofemoral joint osteoarthritis (PFJ OA). Meta-analysis did 
not show significant differences in muscle size between groups. 
Moderate effect sizes were found for a higher cross-sectional 
area of the TFL/sartorius ratio (SMD=0.74, 95%CI [0.05, 1.43]) 
in GTPS, and a smaller body mass normalized volume (SMD=-
0.61, 95%CI [-1.23, 0.0]) in PFJ OA. EMG amplitude did not dif-
fer between groups, but some normalization methods precluded 
between-group comparisons. Some differences in the pattern of 
TFL activation were observed when EMG pattern was analysed 
as linear envelopes or synergies in GTPS. 
Conclusions: Based on available evidence, the presence of dys-
function of TFL structure and activation in lower limb musculo-
skeletal conditions cannot be determined. There are inconsistent 
findings regarding relative muscle size, and it is currently diffi-
cult to make conclusions about TFL EMG. 
Clinical implications: The TFL has often been proclaimed prob-
lematic in conditions such as ITBS, patellofemoral pain, and 
GTPS. There is currently little evidence to support these clinical 
assumptions. This suggests that rehabilitation exercises that aim 
to minimize TFL activity are not yet based on sound evidence.

051
Shear wave elastography of the iliotibial band: an exploratory 
study in pain-free runners

Besomi M, Salomoni S, Vicenzino BT, Hodges PW
School of Health and Rehabilitation Sciences, The University of 
Queensland, Brisbane, Australia

Objective: To explore differences in the shear elastic modulus 
(SEM) of three anatomical regions of the iliotibial band (ITB) 
between different tasks/postures by sex, age and nutritional sta-
tus (normal vs. overweight). 
Methods: Fifteen recreational runners were recruited from the 
local community. SEM (as an index of tissue stiffness) was mea-
sured unilaterally using shear wave elastography in three 
regions of the ITB (proximal, middle and distal), during differ-
ent tasks/postures: rest and contraction (pre- and post-15 min-
utes of running), Ober test, standing and pelvic drop in 
standing. 
Results: Runners had a median age of 31 (interquartile range 
27-36), 11 were females, with a body mass index of 23.5 (±2.3) 
kg/m2. Compared to rest, the middle region was stiffer during 
contraction, Ober test, and standing; and the distal region dur-
ing contraction (mean differences [MD] from 47.6-67.6 kPa). 
Other conditions did not differ for any region. Stiffness of the 
middle region was higher in females than males during contrac-
tion (MD 38.5; 95%CI 8.4, 68.5), and higher in males than 
females in the middle (MD 82.4 95% 28.5, 136.2) and proximal 
(MD 49.9; 95%CI 12.0, 87.9) regions during pelvic drop. Stiffness 
of the middle region was higher in runners with a normal weight 
than overweight (MD 38.3; 95%CI -3.0, 79.7). 
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Conclusions: Stiffness of the ITB was greater in conditions 
where the ITB is put into strain through passive or active ten-
sion. SEM was different by sex and nutritional status during spe-
cific conditions. Comparisons between groups need to be 
considered in light of the small sample size and poor repeatabil-
ity of some regions/conditions. 
Clinical implications: High tension/stiffness of the ITB has been 
proposed to be associated in the pathogenesis of common run-
ning-related injuries, such as ITB syndrome and patellofemoral 
pain. Assessment of the mechanical properties of the ITB could 
help determine the potential role of the ITB in these conditions.

052
Evaluation of sprinting force production capacities in athletes 
at 6th month after anterior cruciate ligament reconstruction: a 
pilot study

Rambaud AJM1,2, Pavoine A1, Morin JB3, Rossi J1, Edouard P1,4, 
Samozino P5
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cine, Saint-Etienne. France
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Objective: After anterior cruciate ligament reconstruction 
(ACLR), a test battery is often performed to allow the 2nd step of 
return to sport (RTS-2) continuum: the return to play. Lower 
limb force production capacities assessment during sprinting 
could be interesting because it is safe for the graft, provides 
complementary information in addition to usual functional 
assessments, and carry out evaluation of athletes’ performance 
in line with sports reality. The aim of this study was to analyse 
the potential differences between the operated and healthy 
lower limbs in force production capacities during sprinting at 
the time of RTS-2 after ACLR. 
Methods: Force-velocity relationship of each limb was assessed 
during a 6-s sprint on a motorized instrumented treadmill in 9 
patients who practiced sports pivot/contact in competition 
(Marx:14.2±2.1; Tegner:8.4±1.1; 4 females; 173.6±10.1cm; 
70.3±8.5kg) at the 6th postoperative month. Maximum power 
(Pmax), force (F0) and velocity (V0), and Fvprofile (FV-slope) 
were calculated and compared between operated and healthy 
limbs. 
Results: Pmax were higher for healthy than operated lower 
limbs (p=0.005, d=-1.3). For the FV relationships, FV-slope 
(p=0.009, d= 1.1) and F0 (p=0.004, d=-1.3) were statistically 
different, but V0 was not (p=0.10, d=0.6). 
Conclusions: At the time of advancing to RTS-2, it seems that an 
asymmetry in sprint mechanics exist. It appears that the ACLR 
affects force production at low velocities (F0), and so does Pmax, 
resulting in side-to-side differences in Fvprofile (operated vs. 
healthy). This showed an incomplete muscular recovery of the 
operated limb, which should be compared with specific muscu-
lar evaluations (isokinetic assessments). 
Clinical implications: For RTS-2 tests batteries, it seems impor-
tant to determine force capacities asymmetry objectively after 

ACLR from Fvprofile during functional movements as sprinting 
or pedaling. These values could be helping decision later for 
RTS-3: the return to competition.

053
Effect of pressure biofeedback in abdominal drawing-in maneu-
ver on transversus abdominis activation level in patients with 
chronic low back pain

Wang LJ1, Ruan B1, Liu CR2

1 School of Sports Medicine and Physical Therapy, Beijing Sport 
University, Beijing, China
2 Department of Rehabilitation Medicine, Peking University 
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Objective: To investigate the effect of abdominal drawing-in 
maneuver (ADIM) with pressure biofeedback on percentage 
change of transversus abdominis (TrA) in patients with chronic 
low back pain. 
Methods: 20 patients with low back pain who are eligible for lum-
bar stabilization training were randomly divided into verbal instruc-
tion group (n=10) and pressure biofeedback group (n=10), and 
received ADIM with verbal instruction and pressure biofeedback 
respectively. Ultrasound imaging was used to measure the percent-
age change of TrA thickness during supine lower extremity move-
ment (external rotation of the hip, hip and knee flexion and straight 
leg raising) and upright loaded tasks (lifting task, loaded forward 
reach activity, stair stepping) before and after intervention. 
Results: During supine lower extremity movement and 
uploaded lifting tasks, percentage change of TrA thickness 
increased significantly after ADIM training (P<0.01). During 
loaded forward reach activity and stepping stair tasks, percent-
age change of TrA thickness showed moderate increase after 
ADIM training (P<0.05). However, there were no significant dif-
ferences between the two groups (P>0.05). 
Conclusion: Chronic low back patients who meet the criteria of 
stabilization classification successfully performing ADIM in 
supine position could effectively increase TrA activation level 
during supine lower extremity movement and uprighted loaded 
tasks. Pressure biofeedback doesn’t enhance the ability to 
increase TrA activation level. 
Clinical implications: For patients with chronic low back pain 
who belong to stabilization classification, ADIM is an effective 
method to activate TrA. This study shows that the addition of 
pressure biofeedback doesn’t enhance activation level when 
performing ADIM and verbal instruction remains effective in 
learning ADIM.

054
Effects of exposure to cold on stiffness of muscle tendon unit of 
ankle plantar flexors

Samukawa M1, Nakamura K1, Yamaguchi T2, Takizawa K3, 
Tohyama H1

1 Faculty of Health Sciences, Hokkaido University, Sapporo, 
Japan
2 Faculty of Dairy Science, Rakuno Gakuen University, Ebetsu, 
Japan
3 Institute of Physical Development Research, Sapporo, Japan

Objective: Exposure to cold is known to affect physiological 
reactions, such as decreasing tissue metabolic rates, neuromus-
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cular functions, and athletic performance. Muscle tendinous 
stiffness is considered related to injury prevention, as well as to 
performance enhancement. However, precisely how cold expo-
sure affects the stiffness of the muscle-tendon unit has not been 
well described. Therefore, the aim of this study was to deter-
mine the effects of exposure to cold temperatures on the stiff-
ness of the muscle-tendon unit of the ankle plantar flexors. 
Methods: Twelve healthy young male subjects (age 21.3 ± 1.2 
years; height 175.8 ± 5.2 cm; weight 70.7 ± 8.2kg) participated 
in this study. All subjects were exposed to both conditions – 
either warm (25ºC) or cold (10ºC) for 30 minutes and measured 
skin temperature of calf, stiffness of muscle-tendon unit of 
ankle plantar flexors as well as range of motion in ankle dorsi-
flexion. A probe thermometer was used to monitor skin temper-
ature. Stiffness of ankle plantar flexors and range of motion in 
ankle dorsiflexion were determined using an isokinetic 
dynamometer. 
Results: The skin temperature in the cold condition was signifi-
cantly lower than the warm condition (p＜0.05). Likewise, the 
stiffness of the muscle-tendon unit was significantly higher in 
the cold condition than the warm condition (p＜0.05). The 
range of motion in ankle dorsiflexion was not significantly dif-
ferent between the conditions. 
Conclusion: The stiffness of the muscle-tendon unit in the 
ankle plantar flexors in cold condition was higher than in warm 
condition although range of motion in ankle dorsiflexion was 
unchanged. 
Clinical implications: The stiffness of the muscle-tendon unit 
was significantly higher during exposure to cold condition than 
to warm condition. In cold environments, warm-up routines 
should be considered just as important as stretching routines for 
both injury prevention and athletic performance.

056
Pain and articular cartilage response to a challenging dynamic 
loading stimulus in patients after traumatic knee injuries
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sworth DW1,3, Thiessen JD4, Thompson RT4, Giffin JR1

1 Bone & Joint Institute, Western University, London, Canada
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Objective: Traumatic knee injury is a substantial risk factor for 
osteoarthritis, with changes in articular cartilage often evident 
on MRI within 1 year. The purpose of this study was to compare 
the response to a dynamic loading stimulus, as measured by 
changes in pain and tibiofemoral cartilage MRI T2 relaxation, in 
patients with a history of knee injury and healthy controls. 
Methods: We recruited 10 patients (7 ACL rupture, 2 traumatic 
meniscal tear, 1 cartilage lesion), and 10 healthy controls. We 
obtained T2 maps before and after the loading stimulus using 3T 
MRI. We segmented articular cartilage using 3D Slicer. Follow-
ing the scan, all participants completed the loading stimulus, 
consisting of 25 minutes of walking on an instrumented, dual-
belt treadmill, including changes in speed, inclines and declines, 
lateral sways, and random pre-specified perturbations. Patients 
were asked to report pain on a scale of 0-10 before and after the 

loading stimulus, as well as rating of perceived exertion (RPE, 
Borg Scale) at three points throughout. 
Results: Mean RPE was 11.5±1.6 for patients and 10.4±2.3 for 
controls (mean difference 1.1, 95%CI -0.8, 3.0). The patients 
experienced a significant increase in pain (1.5, 95%CI 0.6, 2.4) 
following the loading stimulus, while all healthy controls 
reported no pain at all timepoints. T2 decreased by 1.9±1.5 ms 
in patients and 1.9±1.3 ms in controls (mean difference 0.0, 
95%CI -1.3, 1.3). 
Conclusion: Patients with a history of traumatic knee injury 
experience significant increases in pain with dynamic loading 
compared to healthy controls despite similar RPE and cartilage 
load response. 
Clinical implications: Clinical guidelines suggest patients who 
experience knee pain exercise within limits that increase their 
pain score by no more than 2 points. These results suggest that 
moderate intensity exercise with changes in pain within those 
limits causes no additional stress to the articular cartilage com-
pared to healthy controls.

057
The upper limb rotation test: reliability and validity study of a 
new upper extremity physical performance test
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Objective: Screening tests must be reliable, sensitive, specific, 
inexpensive, easy to perform and widely available. Physical per-
formance tests (PPTs) meet these criteria and are routinely used 
for injury prediction, performance enhancement or post-reha-
bilitation outcome measures. The primary purpose was to eval-
uate the reliability of the Upper Limb Rotation Test (ULRT). The 
secondary objective was to evaluate the relationship between 
the ULRT and two PPTs (SMBT and CKCUEST), trunk rotation 
range of motion (STRT) and shoulder rotational isometric 
strength using the Self-Assessment Corner (SAC). 
Methods: A sample of 91 healthy adults participated to establish 
the reliability and validity of the ULRT. We used a two-session 
measurement design separated by seven days to evaluate the 
reliability. We used the SMBT, CKCUEST, SAC and the STRT to 
determine relationships with the ULRT. 
Results: Results showed good reliability ranging from 0.76 (DA) to 
0.78 (NDA). The SEM95 varied from 1.14 touches (DA) to 1.18 
touches (NDA). The MDC95 ranged from 3.15 touches (NDA) to 
3.27 touches (DA). A moderate correlation was found between the 
ULRT and CKCUEST scores (r range = 0.505 – 0.553 for DA; r 
range= 0.566 – 0.615 for NDA). A moderate correlation was found 
between ULRT (NDA) and SMBT scores (r range= 0.544 – 0.556). 
Conclusion: Results demonstrated good relative reliability and 
clinically acceptable absolute reliability values for the ULRT. 
Results showed that performances on the ULRT were moder-
ately correlated with the CKCUEST and the SMBT (NDA). 
Clinical implications: Results suggest that the ULRT may be 
valuable as a screening test to help athletic trainers and physical 
therapists to assess functional upper extremity performance in 
a field setting.
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Effect of knee aspiration and intra-articular corticosteroid injec-
tion on gait biomechanics and strength in patients with knee 
osteoarthritis

Pinto RF1,2, Birmingham TB1,2, Appleton CT2,3
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Objective: To evaluate the effect of knee aspiration and intra-
articular corticosteroid injection on gait biomechanics and 
strength in patients with knee osteoarthritis (OA) and active 
inflammation. 
Methods: Fifteen patients with knee OA, synovitis and effusion 
were tested before and 3 weeks after receiving a knee aspiration 
and triamcinolone injection. All patients’ ultrasound (US) exam 
revealed signs of inflammation that aligned with symptoms. A 
standard of care knee aspiration and injection was performed 
under US guidance. Three-dimensional quantitative gait analy-
sis included peak knee angles and moments during walking. 
Muscular strength testing included isokinetic knee flexion and 
extension torque at 90 deg/s. Ultrasound, gait and strength tests 
were completed by the same examiner to reduce variability. 
Paired t-tests were used to assess changes. 
Results: Pre minus post mean changes (95% CI) were: peak 
knee varus angle -0.11 deg (-1.97, 1.76), first peak knee adduc-
tion moment (KAM) 0.01 %BW*ht (-0.33, 0.35), second peak 
KAM -0.05 %BW*ht (-0.49, 0.39), peak knee flexion excursion 
angle -2.5 deg (-4.50, -0.59), peak knee flexion moment -0.57 
%BW*ht (-1.06, -0.68), peak knee extension moment -0.06 
%BW*ht (-0.64, 0.52), peak quadriceps strength -6.14 Nm (-16.92, 
4.65) and peak hamstring strength -5.59 Nm (-11.14, -0.03). 
Conclusion: Preliminary results suggest patients undergoing 
aspiration and injection for knee synovitis and effusion experi-
ence increased sagittal plane angles and moments during walk-
ing and increased maximal hamstring strength. 
Clinical implications: Future work will categorize patients as 
responders and non-responders based on OARSI-OMERACT 
responder criteria to analyze between group differences.
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Establishing normative benchmarks for strength and hop test 
measures in collegiate athletes
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Objective: To determine differences between limbs and sexes 
for quadriceps isometric peak torque, single leg forward hop, 
and the 30-second side hop test. 
Methods: Eighty-six Division I collegiate student-athletes (27 
males, 59 females) from six teams participated in this study. 
Primary outcome measures included quadriceps isometric peak 

torque normalized to body mass (Nm/kg), single leg forward 
hop distance normalized to height, and the number of success-
ful repetitions during the 30 second side hop test. Paired t-tests 
were used to determine between limb differences and indepen-
dent t-tests to determine differences between males and 
females. For descriptive purposes a limb symmetry index (LSI) 
was calculated for each measure with the best performance 
used as the denominator. 
Results: There was no significant difference between limbs for 
quadriceps peak torque (LSI= 88.4±8.8%; p= 0.96), single leg 
forward hop (LSI= 96.0±3.2%; p= 0.48), or the 30-second side 
hop test (LSI= 89.2±9.1%; p= 0.60). Males had significantly 
greater (p<0.001) performance for quadriceps peak torque 
(males 3.47±0.88 Nm/kg; females 2.90±0.57 Nm/kg), single 
leg forward hop (males 1.09±0.08; females 0.87±0.10), and the 
30 second side hop (males 65±9 repetitions; females 46±12 
repetitions). 
Conclusion: Performance between limbs was not significantly 
different, but average LSI values for quadriceps peak torque and 
the 30 second side hop were below the typical 90% threshold 
used for rehabilitation progression and return to sport decisions. 
Males had significantly greater performance values across all 
three tests. 
Clinical implications: Although there was not a significant per-
formance difference between limbs, the degree of asymmetry 
(e.g. LSI values) should be considered when utilizing an LSI of 
90% as a clinical threshold. Additionally, the inclusion of nor-
mative values for male and female Division I collegiate athletes 
can serve as another relevant clinical benchmark.

060
Effect of cold-water immersion on perceptions of recovery in 
swimming athletes: a randomized placebo-controlled clinical 
trial

Batista NP, Carvalho FA, Machado AF, Pastre CM
Laboratory of Sports Physical Therapy, Faculty of Science and 
Technology, São Paulo State University, Presidente Prudente, 
Brazil

Objective: The aim of the study was to verify the acute effect of 
cold-water immersion on perceptions of recovery in swimming 
athletes compared to passive recovery and placebo condition. 
Methods: 19 young athletes of both sexes performed nine days 
of physical training out of water followed by 12 minutes of a 
recovery intervention. Interventions were performed in a cross-
over design and were: passive recovery (CON), cold water 
immersion at 14±1°C (CWI) or neutral water immersion at 
27±1°C with a skin cleansing solution as placebo condition 
(PLA). Well-being, heaviness, tiredness, discomfort and pain 
were measured immediately after the physical training and the 
intervention using a 5-point Likert scale. At the end of the trial, 
it was asked “With which of the interventions you felt more 
recovered?”. Mixed ANOVA was used to analyze the variables 
(Bonferroni post-hoc) and χ2 to compare the preference of inter-
ventions (p<0.05). 
Results: There was a significant effect for time (p<0.05) for all 
variables with medium and large effect size. However, post-hoc 
tests indicated a real improvement of well-being and heaviness 
only for CWI and PLA, and discomfort only for PLA. Tiredness 
also showed a significant effect for time*group indicating that 
CWI and PLA behaved differently from CON. Χ2 indicated a sig-
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nificant preference favorable to CWI [p=0.021; CWI (63.2%); 
PLA (21%); CON (0); both CWI and PLA (15.8%)]. 
Conclusion: CWI after a physical training demonstrated better 
results on perceptions of recovery than passive recovery in 
swimming athletes, but its benefits are not greater than placebo 
condition. 
Clinical implications: The implementation of a recovery inter-
vention in the athlete’s routine can be a strategy to optimize 
their recovery process, considering that both interventions pro-
vided more benefits compared to passive recovery. The prefer-
ence of the athlete should be considered in choosing the best 
intervention, given that CWI was the one in which the athletes 
felt more recovered.

061
Effect of two massage protocols on clinical parameters of swim-
ming athletes: a randomized controlled clinical trial

Carvalho FA, Batista NP, Machado AF, Pastre CM
Laboratory of Sports Physical Therapy, Faculty of Science and 
Technology, Sao Paulo State University, Presidente Prudente

Objective: The aim of this study was to analyse the acute effects 
of massage with different intensities on clinical parameters of 
swimming athletes compared to control. 
Methods: This was a crossover clinical trial in which 21 young 
swimming athletes of competitive level undertook 12 minutes 
of deep massage (DM), superficial massage (SM) and passive 
recovery (PR) after exercise. The athletes performed ~40 min-
utes of general exercises including squats, push-ups, sit-ups, 
vertical jumps, burpee, mountain climbers and resisted upper 
arm exercises. The DM was applied in 3 different intensities for 
3 minutes on the anterior thighs, 3 minutes on the upper arms 
and 6 minutes on the back. The SM was applied superficially 
with only one intensity at the same sites and duration. For the 
PR the athletes maintained their normal routine out of the 
water. Before the beginning of the study the athletes were asked 
about their perceptions during a normal training to consider the 
specificity of the modality. Then they rated these perceptions 
(well-being, heaviness, tiredness, discomfort and pain) by a 
5-point Likert scale (nothing, little, moderate, very much, 
extremely) before and after the interventions. The clinical vari-
ables were analysed with mixed ANOVA and Bonferroni post 
hoc with significance level of p<0.05. 
Results: All clinical variables improved over time (p<0.05) for 
both massage groups. For pain there was a significant small 
group effect (p<0.05; ES=0.041) and post hoc analysis showed 
that SM and DM interventions differed from PR but not from 
each other. 
Conclusion: Both massage interventions seem to improve clini-
cal parameters after exercise when compared to PR, however 
there was no statistical difference between the two massage 
protocols. 
Clinical implications: These results show that 12 minutes of 
massage may be an effective strategy for post-exercise recovery 
of swimming athletes.
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Pain trajectories and perceived exertion during a 12-week neuro-
muscular exercise program in patients with knee osteoarthritis
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Objective: To evaluate trajectories of knee pain and perceived 
exertion during a neuromuscular exercise (NEMEX) program for 
patients with knee osteoarthritis (OA). 
Methods: Fifty-two participants with knee OA underwent a 
12-week NEMEX program. At baseline, patients received instruc-
tions for a NEMEX program, consisting of 12 visits with a phys-
iotherapist plus home exercises. We assessed the Measure of 
Intermittent and Constant Osteoarthritis Pain (ICOAP) pre and 
post program and measured knee pain (pre, post, max) and the 
overall rating of perceived exertion (RPE) at each exercise visit. 
We calculated change in pain (PC; pre to post) and acute pain 
flare up (PF; pre to max level) for each visit. We evaluated mean 
changes (with 95%CI) for the ICOAP from pre- to post-program. 
We performed linear regression to investigate pain trajectory 
over time, using the group mean of PC for each exercise visit as 
the outcome and time as the predictor. The analysis was 
repeated for PF and RPE. 
Results: Fifty patients (96%) completed the program. Decreases 
in intermittent [12.2 (95%CI 5.1, 19.3)], constant [14.1 (95%CI 
8.0, 20.1)] and total pain [13.2 (95%CI 7.3, 19.1)] over the 12-week 
program indicated substantial improvements. PC and PF levels 
decreased over time by 0.07 (95%CI 0.01, 0.12) and 0.07 (95%CI 
0.02, 0.12) per exercise visit, respectively. RPE increased over 
time by 0.24 (95%CI 0.12, 0.34) per exercise visit. Time (i.e. 
increasing number of exercise sessions) explained 36% of the 
change in PC level, 42% of the change in PF level and 73% of 
the change in RPE. 
Conclusion: Exercise-induced pain decreased while perceived 
exertion while exercising increased during a 12-week NEMEX 
program for patients with knee OA. 
Clinical implications: Patients with knee OA and their therapists 
should expect that exercise-induced knee pain during a neuromus-
cular exercise program will decrease progressively over time, 
enabling gradual increases in exertion and perhaps intensity.
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Combat sports training programme enhances physical perfor-
mance attributes in children
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Objective: Karate is a type of martial arts which are ancient 
forms of combat, modified for modern sport and exercise. Par-
ticipation in karate in Nigeria is beginning to increase, particu-
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larly among youth. The focus of this study was to investigate if 
a combat sports training programme can serve as a tool for 
improving physical performance attributes such as speed of 
movement, lower body muscle strength, coordination, and bal-
ance of male children. 
Methods: The study was conducted in 27 male children, with 
age range between 6 and 12 years, who are registered partici-
pants in a karate training programme in Benin City. The partici-
pants were randomly assigned to the experimental and control 
groups with each group containing 13 and 14 participants 
respectively. Age range of participants in the experimental and 
control groups were 6 to 11 years (mean= 8.3) and 6 to 12 years 
(mean age= 9.1) respectively. The study employed experimen-
tal research design involving pretest-posttest randomized con-
trol group. The participants were subjected to pretesting before 
and after the combat sports training programme. Data gener-
ated from the study were analyzed using independent samples 
t-tests with alpha level set at 0.05. 
Results: Findings from the study revealed that the combat 
sports training programme positively influenced lower body 
strength (p = 0.002), coordination (p<0.001), and level of bal-
ance (p<0.001) of participants. However, no significant improve-
ment was observed in speed of movement (p = 0.117). 
Conclusion: The outcomes of this study suggest that combat 
sports training program designed for children with appropriate 
modification for their ages, can improve physical performance 
attributes and foster healthy physical development in children. 
Clinical implications: It is therefore recommended that inclu-
sion of combat sports training programme should be considered 
in designing sports programmes for children in schools to foster 
a healthy, all-round development in the children.
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A comparison of medical encounters of older and younger ath-
letes participating at major games
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Objective: To identify and compare medical encounter data of 
older and younger athletes competing in similar events. 
Methods: Medical encounters for athletes competing in four 
team sports (Basketball, Football, Hockey, and Netball) were 
recorded at the 2015 Australian University Games (AUG) and 
the 2016 Pan Pacific Masters Games (PPMG) using the same 
standardised medical encounter surveillance system. The de-
identified encounter data was compared for injury types and 
rates between both groups and between the individual sports for 
each group. 
Results: For the four sports a total of 1,756 medical encounters 
were recorded at PPMG and 1,650 at the AUG. Of those 81.04% 
were medical encounters for lower limb injuries at the PPMG 
and 72.73% at the AUG. Injuries to ligaments, muscles and ten-
dons accounted for 75.11% of all encounters at the PPMG and 
68.97% at AUG. Skin wounds were the next most common pre-
sentation at both events (PPMG 6.49%, AUG 11.15%), followed 
by fractures/dislocations (PPMG 1.94%, AUG 4.97%). There was 

a higher rate of muscle/tendon injuries at PPMG compared to 
AUG across all 4 sports (PPMG 36.31%, 29.31% AUG). The 
higher rate of encounters for muscle/tendon injuries at the 
PPMG was most evident for Football (PPMG 42.81%, AUG 
27.27%). 
Conclusion: Medical encounter data collected at both the PPMG 
and AUG demonstrated a higher percentage of lower limb mus-
culoskeletal injuries in older compared to younger athletes par-
ticipating in similar events. Also, older athletes sought attention 
for a higher percentage of muscle and tendon injuries compared 
to younger athletes. 
Clinical implications: Injury prevention programs for older 
athletes should target the lower limb, and give particular atten-
tion to preventative strategies for muscle and tendon injuries. 
For planning purposes event medical program organisers should 
be aware of the likely differences in medical encounters between 
older and younger athletes.

065
Head and knee injuries cause the most missed work in US 
women playing Australian Rules Football
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Objective: The purpose of this study was to examine the injury 
burden in women playing Australian Rules Football (AFL) in the 
United States. 
Methods: All women registered to play AFL in the US were 
emailed a survey after the 2018 season. Questions asked the 
number and type of time-loss injuries experienced during the 
2018 season, as well as mechanism, severity, and missed work. 
Athletes who had multiple injuries to the same body part 
reported on the most severe. 
Results: 175 of 315 (55%) women responded (mean age 31.8+/-
5.8). 109 athletes experienced 248 injuries (2.3 injuries/player). 
Injury type and severity information was available for 190 inju-
ries (77%). Sprains (n=75, 30%) and strains (n=49, 20%) were 
the most common injury types. The hand/finger (n=67, 27%), 
knee (n=38, 15%), ankle (n=31, 12.5%), and head (n=24, 10%) 
were the most commonly injured body parts. A contact mecha-
nism was responsible for 87 (35%) injuries, most frequently to 
the head (n=17) and knee (n=17). Foul play resulted in 21 (8%) 
injuries. Thirty-nine (16%) injuries resulted in athletes missing 
work, most frequently head (n=10) and knee (n=10) injuries. 
Moderate severity injuries (8-28 days absence from AFL) were 
the most common (n=58, 23%), followed by slight (<3 days, 
n=52, 21%), severe (>28 days, n=41, 17%), and minor (4-7 
days, n=38, 15%). Knee injuries caused the largest number of 
severe injuries (n=15). 
Conclusions: The results of this study mirror the injury findings 
of the professional women’s AFL. Even though AFL is a contact 
sport, the number of contact injuries in this study were less than 
other women’s sports, such as soccer. Similar to soccer, though 
knee injuries seem to be the most severe. 
Clinical implications: Given the impact on work, head and 
knee injury prevention must be a high priority given the health 
implications and amateur status of US AFL athletes. This study 
could also indicate that investigation into the injury burden of 
other adult amateur sports may be beneficial.
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066
Landing kinetics in collegiate female athletes with and without 
a history of ACL injury

Chaaban C, Hearn D, Goerger B, Kong J, Padua D
Department of Exercise and Sport Science, University of North 
Carolina, Chapel Hill, NC, USA

Objective: To determine if female collegiate athletes who suc-
cessfully return to sport following ACL injury (ACLI) differ from 
their previously uninjured teammates with regard to kinetics 
during a drop vertical jump (DVJ) task. 
Methods: Collegiate female soccer and lacrosse players partici-
pated in this study. 18 athletes had at least 1 prior ACLI 
(age=20.6+1.3 yrs; height=169.0+6.0 cm; weight=65.7+6.1 
kg), and 40 athletes had no prior ACLI (age=19.5+1.3 yrs; 
height=166.4+6.4 cm; weight=64.4+8.6 kg). Athletes com-
pleted 3 trials of a DVJ task. The involved limb was randomly 
assigned in those with no prior ACLI. Kinetics were collected via 
two inground force plates. Peak vertical ground reaction force 
(vGRF) of the involved limb, peak vGRF limb symmetry index 
(LSI), and time to peak vGRF of the involved limb were extracted 
and normalized to body weight (bw). Independent t-tests were 
calculated to compare each kinetic variable by ACLI history. 
Results: Those with a prior ACLI had lower peak vGRF in their 
involved limb (1.92 ± 0.48 bw) than those without ACLI (2.24 ± 
0.55 bw); p=0.04. They had less limb symmetry of their peak 
vGRF (87.9 ± 25.8%) than those without (104.2 ± 21.8%; 
p=0.02). They reached this peak later after ground contact (58.1 
± 33.7 ms) than those without (44.0 ± 19.3 ms; p=.049). 
Conclusion: Females who play collegiate sports following ACLI 
have differences in their landing kinetics compared to their pre-
viously uninjured teammates. They have a lesser peak vGRF on 
their involved limb and take longer to reach this peak. These 
factors, combined with a greater asymmetry of the magnitude of 
this peak between limbs, suggest that they continue to offload 
and delay loading of their involved limb during double limb 
jumping tasks. 
Clinical implications: Even athletes who successfully play col-
legiate sports following ACLI have kinetic differences relative to 
their uninjured peers. Further research should explore how 
these differences affect future injury risk and long-term joint 
health.

067
Sensitivity of the MyotonPro to measure the changes in the 
viscoelastic properties of a trigger point on the infraspinatus 
in non-traumatic chronic shoulder pain after a dry needling 
intervention

Roch M, Morin M, Gaudreault N
School of rehabilitation, Faculty of medicine and health sci-
ences, University of Sherbrooke, Sherbrooke, Canada

Objective: To investigate the sensitivity of the MyotonPro to 
detect changes in the viscoelastic properties of a trigger point 
(TP) in the infraspinatus muscle in participants with a non-
traumatic chronic shoulder pain after a dry needling 
intervention. 
Methods: Forty-eight individuals who presented non-traumatic 
chronic shoulder pain were recruited. The presence of a TP in 
the infraspinatus muscle of the painful side was confirmed by 

an experienced physiotherapist with a palpatory exam accord-
ing to Travell and Simons criteria. The TP was marked and the 
viscoelastic properties including tone and stiffness were mea-
sured with the MyotonPro device by an evaluator. After the first 
set of measurements (T0), an experienced physiotherapist 
applied dry needling to the TP with an Optimed 40 x 0.30 mm 
single use acupuncture needle to obtain a twitch. The same set 
of measurements was repeated immediately after the dry nee-
dling (T1) and 30 minutes later (T2). Repeated measures ANOVA 
and post-hoc tests where used to assess changes in viscoelastic 
properties over time with a significant level set at 0.05. 
Results: Significant decrease in stiffness and tone was found 
across time after the dry needling intervention. Post-hoc tests 
with Bonferroni corrections revealed significant differences in 
stiffness and tone between T0-T1 (Stiffness: T0 = 296.96±65.19 
N/m; T1 = 277.25±62.14 N/m, p≤0.001, Tone: T0 = 15.99±2.63 
Hz; T1 = 15.08±2.89Hz, p=0.004) and T0-T2 (Stiffness: T2 = 
283.73±57.32 N/m; Tone: T2 = 15.68±2.42Hz, p=0.013). 
Conclusions: Findings of this study reveal that the MyotonPro 
can detect changes in the measurements of stiffness and tone of 
a trigger point after a dry needling intervention. 
Clinical implications: The effect of dry needling on stiffness 
and tone seem to be most important right after a dry needling 
intervention and the increases observed after 30 minutes may 
be attributed to an inflammation process occurring after the tis-
sue is damaged by the needle.

068
Perceptions about running footwear and assessment of an 
online educational module

Dhillon GK1, Hunt MA2, Reid AL1,2, Esculier JF1,2

1 Allan McGavin Sports Medicine Clinic, Vancouver, Canada
2 Department of Physical Therapy, University of British Colum-
bia, Vancouver, Canada

Objective: The objectives of this study were to (1) assess the 
perceptions of runners, footwear retailers and healthcare practi-
tioners (HCP) on the effects of running shoes on injuries; (2) 
evaluate the role of an evidence-based online educational 
module. 
Methods: Using an online survey, we collected information on 
demographics and beliefs about injury risk and different shoe 
features (e.g. cushioning, drop) or selection strategies (e.g. 
based on foot arch). Agreement with survey items was assessed 
using continuous scales (0: not important/useful, 10: very 
important/useful). Subsequently, an optional educational mod-
ule was presented after which beliefs were reassessed. We ran 
one-way ANOVA between subgroups and paired t-tests to ana-
lyze the effects of the module. 
Results: A total of 1,425 participants completed the baseline sur-
vey, of which 781 completed the educational module. Overall, 
footwear was perceived as important in preventing injury 
(7.2/10, 95% CI 7.1, 7.3). HCP perceived footwear as less impor-
tant (6.3/10, 95% CI 6.1, 6.6) than runners (7.6/10, 95% CI 7.5, 
7.7) and retailers (7.9/10, 95% CI 7.3, 8.5)(P<0.001); relevance 
of cushioning, drop and selection according to foot type were 
also lower in HCP than in other subgroups (P<0.001). The edu-
cational module was deemed useful (8.3/10, 95% CI 8.2, 8.5) 
and 58.6% of respondents said it changed their perceptions. Per-
ceived importance of footwear in preventing injuries decreased 
after the module (-1.0/10, 95% CI -0.9, -1.2; P<0.001). 
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Conclusion: Running footwear is perceived as important in the 
prevention of running injuries; an evidence-based module can 
aid in educating individuals on the literature surrounding foot-
wear allowing informed recommendations/choices. 
Clinical implications: This online module can effectively be 
used to educate runners, retailers and HCP about the scientific 
research on running footwear and injuries. This could poten-
tially translate into reduced injury rates among runners.

069
SierraSil as an ergogenic aid to performance in athletes

McKenzie DC1, Gabrick J1, Regan C2, Taunton J1,2

1 Division of Sports Medicine, School of Kinesiology, University 
of British Columbia, Canada
2 Allan McGavin Sports Medicine Centre, Vancouver, Canada

Objective: SierraSil (SS) is a unique mineral complex and a 
Health Canada licensed Natural Health Product (NPN 80039305). 
This study examined whether SS could improve anaerobic 
power in a group of well-trained athletes. A secondary purpose 
was to examine the effect of SS on the severity of delayed onset 
muscle soreness (DOMS). 
Methods: This was a double-blind, cross-over design with 10 
male varsity football players (mean age = 22 years; height = 
183.6cm; weight = 90.3kg). The athletes performed three Wing-
ate cycle ergometer tests 5 minutes apart as a test of peak power, 
average power and fatigue index. DOMS were recorded on a 0-10 
visual analogue scale (VAS) at 24, 28, and 72 hours post exercise. 
Prior to exercise and 5 minutes following the last Wingate test, 
blood was taken for analysis of selected cytokines. The athletes 
were randomly assigned to SS or placebo groups for three weeks 
and, following a three-week washout period, the experimental 
treatments were reversed. 
Results: Following SS supplementation, the peak power 
increased by 33.8 W (a 3% increase) and mean power by 6.7 W 
(a 1% increase). In the placebo group the peak power decreased 
by 11.2 W (-2.6%) and the mean power decreased by 17.2 W 
(-1%). DOMS values on the VAS were higher in the placebo 
group at 24, 48, and 72 hours post-exercise (P= 3.2, 2.2, 1.3 vs. 
SS= 2.5, 1.6, 0.6). There were no statistically significant changes 
in the performance measures between the two groups however 
(p>0.05). There were no significant changes in the cytokine 
measures following supplementation with either SS or placebo. 
Conclusion: All athletes completed the trial. SS was well toler-
ated and resulted in improvements in anaerobic power and in 
reducing the level of DOMS post-exercise. There were no 
adverse effects reported. 
Clinical implications: SierraSil is safe to use in highly trained 
athletes and resulted in improvements in anaerobic power and 
in reducing the level of DOMS post-exercise in a ‘sport signifi-
cant’ way.

070
Long-term 3T MRI-defined morphological changes after acute 
Achilles tendon rupture

Khan MCM1, Birmingham TB1,2, Bryant D2, Spouge A3, Arse-
nault D2, Amiri T4, Willits K5

1 School of Kinesiology, Western University, Canada
2 School of Physical Therapy, Western University, Canada
3 Department of Medical Imaging, Schulich School of Medicine 

and De Western University, Canada
4 School of Biomedical Engineering, Western University, Canada
5 Department of Surgery, Schulich School of Medicine and Den-
tistry, Western University, Canada

Objective: Long-term morphological changes after acute Achil-
les tendon rupture (AATR) are unknown. The purpose of the 
present study was to compare the appearance of the tendon and 
surrounding musculature in the injured and uninjured contra-
lateral limbs of patients with AATR >10 years post-rupture. 
Methods: Twenty-one patients (12 male) 15±1 years post-AATR 
(age: 57±7 years; BMI: 30±4 kg/m2) underwent bilateral 3T 
magnetic resonance imaging (MAGNETOM Prisma, Siemens). 
Imaging sequences included: sagittal and axial T1 and 
T2-weighted turbo spin echo (TSE); axial T1-weighted inversion 
recovery; and sagittal T2-weighted three-dimensional isotropic 
TSE. One trained reader (MK) and one experienced musculo-
skeletal radiologist (AS) measured the maximum antero-poste-
rior tendon width and cross-sectional area (CSA) and calf 
musculature CSA using distance and area tools within the imag-
ing software (AGFA Healthcare). 
Results: Dependent t-tests indicated the injured tendon was sig-
nificantly wider (mean difference [95%CI]: 6 mm [5, 7], p<0.001) 
and thicker (1 cm2 [1, 2], p<0.001). Gastrocnemius medialis (4 
cm2 [3, 5], p<0.001), lateralis (3 cm2 [2, 3], p<0.001), and soleus 
CSA (4 cm2 [2, 6], p=0.001) were significantly smaller in the 
injured limb. 
Conclusion: Substantial side-to-side differences in tendon diame-
ter, thickness, and muscle bulk persist at over a decade past injury. 
Clinical implications: Substantial morphological changes and 
side-to-side deficits suggest tissue healing and regeneration fol-
lowing AATR is an arduous process that current rehabilitation 
protocols do not fully ameliorate. Future work is needed to under-
stand the association of structural measures with clinical and 
functional outcomes, and potential methods to lessen deficits.

071
The proprioception and postural stability characteristics of per-
ceived instability subgroups in chronic ankle instability

Ruan B, Wang LJ, Li YN, Yang YY
School of Sports Medicine and Physical Therapy, Beijing Sport 
University, Beijing, China

Objective: The purpose of this original investigation was to 
determine if selected proprioception and postural stability are 
different among perceived instability subgroups of chronic 
ankle instability (CAI) and healthy control participants. 
Methods: Fifty-five participants volunteered and were catego-
rized into perceived ankle instability (PI) alone (n=11), PI in 
combination with recurrent ankle sprains (PI-RAS; n=11), PI in 
combination with mechanical ankle instability (PI-MI; n=11), 
PI in combination with mechanical ankle instability and recur-
rent ankle sprains (PI-MI-RAS; n=11) and controls (n=11). Par-
ticipants completed assessments of proprioception and postural 
stability. The data between groups were statistically evaluated 
by one-way ANOVA. 
Results: There were no significant differences in active closed 
chain proprioception and single-leg stance assessments between 
PI subgroups and healthy participants (p>0.05), or between the 
four subgroups of PI (p>0.05). There were significant differ-
ences in posteromedial and posterolateral direction of star 
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excursion balance test between PI alone and healthy partici-
pants (p<0.05). There were great differences in posteromedial 
and posterolateral direction of Star Excursion Balance Test 
between PI alone and PI-RAS subgroups (p<0.01). 
Conclusion: There were no difference between PI subgroups 
and healthy people in proprioception and static balance ability. 
Also, there were no differences between the subgroups of PI. 
Significant differences were only detected in dynamic balance 
test (posteromedial and posterolateral direction of Star Excur-
sion Balance Test) between PI alone and PI-RAS subgroups. 
Clinical implications: This study helps to find the balance char-
acteristics of PI subgroups in CAI and to provide the clinical 
thinking and theoretical base for clinical treatment.

072
The effect of sleep on explosive strength gains in female col-
legiate soccer players during off-season training: a pilot study

Zaccheo A, Anderson JC, Tamulevicius N
Department of Health Sciences and Human Performance, The 
University of Tampa, Tampa, Florida, USA

Objective: In athletes, sleep quantity and quality are imperative 
to effective physiological and cognitive functioning. In addition, 
sleep quantity and quality may affect the outcome of an off-
season resistance training program. This study aimed to investi-
gate the effect of sleep quantity and quality on explosive 
strength in NCAA D1 female collegiate soccer players during an 
off-season training program. 
Methods: Eleven female collegiate soccer players (19.8±0.8 
years) participated in an off-season resistance training program 
three days per week for five weeks. A jump mat and associated 
software was used to measure explosive strength (ES), defined 
as the maximum vertical jump height inches (in) in over three 
trials, prior to the start of the training program and at the end of 
a 5-week training program. Sleep quantity, in hours (h), was 
reported by each athlete at the initiation of the study and before 
the start of each resistance training session. Each athlete also 
reported sleep quality on a 5-point scale (1 = poor quality and 5 
= great quality) at the same times as sleep quantity. 
Results: No difference in ES was observed as a result of the 
5-week resistance training program (initial = 17.8±2.3 vs final 
= 18.3±2.4). Initial average sleep quantity was 6.7±0.6 while at 
study conclusion was 6.8±0.9. The median sleep quality at the 
start of the program was 3.2±0.5, and 3.8±0.4 at study conclu-
sion. A weak correlation between sleep quantity and ES (r = 
0.11) was observed, while a moderate correlation between sleep 
quality and ES was noted (r = -0.37). 
Conclusion: A weak correlation between sleep quantity and ES 
was observed, yet sleep quantity reported is more than one hour 

less than that recommended for college athletes. The moderate 
correlation between sleep quality and ES suggests improved 
sleep quality may benefit ES development. 
Clinical implications: Practitioners should consider that sleep 
quality may mediate the development of ES during off-season 
resistance training.

073
Differences in muscle activities of the scapular muscles in open 
and closed kinetic chain exercises

Qian J1, Yang D1,2, Song Y1, Duan C1, Xue Q1

1 Department of Sports Medicine and Rehabilitation, Beijing 
Sport University, Beijing, China
2 Department of Nursing and Rehabilitation, Beijing City Univer-
sity, Beijing, China

Objective: To study the activation of the scapular muscles 
between healthy people and people with scapular dyskinesis 
(SD) in the open and close chain exercises (OKC & CKC), to 
explore the differences of these two exercises on the activation 
of scapular muscles, and to clarify the optimal strategy for 
shoulder injuries rehab. 
Methods: 42 subjects were divided into SD group (n=22) and C 
group (healthy, n=20). The MVIC of target muscles were tested 
as well as 8 actions: CKC/OKC-flexion, CKC/OKC-extension, 
OKC/CKC-shoulder neutral external rotation, and OKC/CKC-
shoulder 90° abduction external rotation. We calculated the 
IEMG% and input% of the target muscles. 
Results: Between groups, for the CKC, the activation of SD group 
was more optimized, SA-IEMG%, LT-IEMG% and infraspinatus 
(IS)-input% were higher than C group in flexion. Intra-group: (1) 
In SD group UT-IEMG% and input% of CKC-flexion were signifi-
cantly lower than that of OKC (P<0.05), while the IEMG% and 
input% of SA were higher(P<0.05). (2) The activation of MT, SA 
and especially LT in CKC-extension was higher than that in 
OKC(P<0.01). (3) Under the external rotation, the IEMG% of IS 
and post deltoid is largest at neutral-CKC, but IS-input% is the 
highest at 90° CKC. 
Conclusions: (1) OKC/CKC exercises have no difference in 
healthy people, but CKC-flexion can promote coordinated con-
traction of stabilizing muscles in SD. (2) The CKC-extension is 
conducive to the contraction of MT, LT and SA, especially the 
mobilization of LT. (3) CKC-shoulder 90° abduction external 
rotation exercise can safely and effectively activate IS, which is 
a good exercise for shoulder external rotation, especially for 
early rehabilitation of rotator cuff injuries involving IS. 
Clinical implications: CKC exercise is beneficial to balance the 
scapular muscles. It is suggested that CKC training can be safely 
applied to shoulder injury patients’ early rehabilitation.
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