
performed in relatively standardized laboratory environments.
This current paradigm inherently assumes that cutting biome-
chanics is independent of a sport-specific context. However,
measuring movement in an ecological valid environment may
potentially reshape the current definition of high-risk biome-
chanics based on real environment data instead of laboratory
data only.
Objective The aim of the present study was to investigate if
the presence of ACL injury risk factors depicted in the labora-
tory would reflect at-risk patterns on the football field.
Design Players performed unanticipated cutting maneuvers in a
laboratory setting and on the football field during football-spe-
cific exercises (F-EX) and games (F-GAME).
Setting Youth sports
Participants Twenty-four talented female football players (14.9
±0.9 years old)
Assessment of Risk Factors Knee kinetics were collected in the
laboratory and grouped using hierarchical agglomerative clus-
tering. The clusters were used to investigate the kinematics
collected on field through wearable sensors.
Main Outcome Measurements Hip, knee and trunk kinematics
(laboratory and field) and kinetics (laboratory).
Results Three clusters emerged: Cluster 1 presented the lowest
knee moments; Cluster 2 presented high knee extension but
low knee abduction and rotation moments; Cluster 3 pre-
sented the highest knee abduction, extension, and external
rotation moments. In F-EX, greater knee abduction angles
were found in Cluster 2 and 3 compared to Cluster 1
(p=0.007). In F-GAME Cluster 3 showed the lowest knee
flexion angles (p<0.001). In F-GAME, no differences between
clusters were found regarding knee abduction angles.
Conclusions Context matters. Clinically relevant differences
towards ACL injury identified in the laboratory partially disap-
peared on the field. Players who showed relatively high knee
abduction in the laboratory, which is considered as risky,
showed less knee abduction on the field. In-lab injury risk
screening may lack ecological validity.

768 FO30 – HAMSTRING MUSCLE ELASTICITY IN ELITE
ATHLETES WITH AND WITHOUT A PREVIOUS
HAMSTRING STRAIN INJURY

1Caroline Giroux*, 2,3Andras Hegyi, 1Robin Macchi, 1Antonio Morales-Artacho, 4Michel
D Crema, 2Antoine Nordez, 2Lilian Lacourpaille, 1Giuseppe Rabita, 1Gaël Guilhem. 1French
Institute of Sport (INSEP), PARIS, France; 2Movement-Interactions-Performance (MIP),
Nantes Université, , Nantes, France; 3Hungarian University of Sports Science, Budapest,
Hungary; 4French Institute of Sport (INSEP), Medical Department, Paris, France

10.1136/bjsports-2024-IOC.29

Background Hamstring strain injuries (HSI) are prevalent in
elite sports. Monitoring for (re-)injury prevention often
includes tests such as the straight-leg-raise, reflecting the stiff-
ness of all the tissues crossing the hip joint. Alternatively,
ultrasound shear wave elastography (SWE) allows to assess the
regional shear modulus (index of elasticity) of individual ham-
string muscles. SWE can be particularly useful during the
post-injury regeneration process, where fibrous (scar) tissues
that stiffen the injured area are formed, potentially contribu-
ting to the risk of re-injury.
Objective To assess the impact of a previous muscle injury on
local muscle elasticity in elite athletes.
Design Cross-sectional study.
Setting One-time measurement in elite athletes.

Participants 136 elite athletes (80 men, 56 women) in fencing,
figure skating, soccer, track and field, basketball, taekwondo,
field hockey, rugby7, bobsleigh.

37 suffered from a previous unilateral HIS. The rest had
no previous HSI.
Main outcomes measurements Injury history was collected
according to international standards in collaboration with the
athlete’s medical staff. The elasticity of the biceps femoris
long head (BF), semitendinosus (ST) and semimembranosus
(SM) was assessed using SWE. Linear mixed models were
used to compare muscle elasticity with limb (injured, non-
injured side) and athletes (injured, healthy) as fixed factors.
Results HIS repartition among the 37 reported: 28 (76%) on
BF, 5 (13%) on SM and 4 (11%) on ST.

No significant differences between injured and non-injured
limb (P=0.50; inter-limb difference = -0.13±2.99 KPa for ST,
0.40±6.08 KPa for SM and -0.61±5.60 KPa for BF). and
between the injured and non-injured athletes (P=0.76) were
observed.
Conclusions HSI history does not seem to be associated with
altered elasticity in elite athletes. These results invalid the
hypothesis that the inclusion of collagen post-injury would
increase muscle stiffness. Further research using advanced
post-processing method to quantify SWE propagation velocity
in the injured area are required.

OS06 – Injury prevention in team sports,
Auric, March 1, 2024, 16:15 – 17:15

748 FO31 – EVALUATING AN INJURY PREVENTION
PROGRAM (PREP-TO-PLAY) IN 2713 WOMEN AND
GIRLS PLAYING COMMUNITY AUSTRALIAN FOOTBALL:
A HYBRID IMPLEMENTATION-EFFECTIVENESS, STEPPED-
WEDGE CLUSTER RANDOMISED CONTROLLED TRIAL

1,2Brooke Patterson, 1,2Sallie Cowan, 1,2Matthew King, 2,3Alex Donaldson,
1,2Melissa Haberfield, 4Nicole White, 1,2Andrea Mosler, 1,2Andrea Bruder,
4,5Stephen McPhail, 1,2Christian Barton, 1,2Adam Culvenor, 6Martin Hagglund,
7Natasha Lannin, 8Ilana Ackerman, 9Michelle Dowsey, 10Karla Hemming,
1,2,12Michael Makdissi, 11Jessica Choong, 12Nicole Livingstone, 12Rachel Elliott,
13Anja Nikolic, 14Jane Fitzpatrick, 15Jamie Crain, 1,2Sarah Lampard, 1,2Eliza Roughead,
1,2Karina Chilman, 1,2Elizabeth Birch, 1,2Christian Bonelllo, 1,2Kay Crossley. 1La Trobe
University Sport and Exercise Medicine Research Centre, La Trobe University, Australia,
Melbourne, Australia; 2Australian IOC Research Centre, La Trobe University, Melbourne,
Australia; 3Centre for Sport and Social Impact, La Trobe University, Bundoora, Victoria;
4Australian Centre for Health Services Innovation and Centre for Healthcare Transformation,
School of Public Health and Social Work, Faculty of Health, Queensland University of
Technology, Brisbane, Australia; 5Digital Health and Informatics Directorate, Metro South
Health, Brisbane, Australia; 6Unit of Physiotherapy, Department of Health, Medicine and
Caring Sciences, Linköping University, , Sweden; 7Department of Neuroscience, Monash
University, Melbourne, Australia; 8School of Public Health and Preventive Medicine, Monash
University, Melbourne, Australia; 9University of Melbourne Department of Surgery, St.
Vincent’s Hospital, Melbourne, Australia; 10Institute of Applied Health Research, University
of Birmingham, Birmingham, UK; 11Medibank Better Health Foundation, Medibank,
Melbourne, Australia; 12Australian Football League, Melbourne, Australia; 13Australian
Physiotherapy Association, Melbourne, Australia; 14Australasian College of Sport and
Exercise Physicians Research Committee, Melbourne, Australia; 15Sports Medicine Australia,
Melbourne, Australia

10.1136/bjsports-2024-IOC.30

Background Prep-to-Play, an injury prevention program, was
co-designed with the Australian Football League for women’s
Australian Football. Online resources were distributed to

Abstracts

A16 Br J Sports Med 2024;58(Suppl_2):A1–A211

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies. 
. 

at M
acq

u
arie U

n
iversity

 
o

n
 A

u
g

u
st 10, 2026

 
h

ttp
://b

jsm
.b

m
j.co

m
/

D
o

w
n

lo
ad

ed
 fro

m
 

2 M
arch

 2024. 
10.1136/b

jsp
o

rts-2024-IO
C

.30 o
n

 
B

r J S
p

o
rts M

ed
: first p

u
b

lish
ed

 as 

http://bjsm.bmj.com/


coaches in 2019, but coaches reported low confidence to use
Prep-to-Play. A supported implementation strategy was devised,
to enhance Prep-to-Play use.
Objective To compare Prep-to-Play use and injury rates
between unsupported and supported implementation.
Design Hybrid implementation-effectiveness (type-III) stepped-
wedge, cluster randomised controlled trial.
Setting Community women’s Australian Football.
Participants 165 teams [under-16 to senior, 2713 players].
Interventions Ten geographically-separated clusters (�14 teams)
began the unsupported phase and transitioned to the sup-
ported phase in 2021/2022 (random allocation to one-of-five
dates). In the supported phase, 56 trained physiotherapists
provided a workshop and two support visits for coaches/team
leaders (Fig1).
Outcomes Team representatives reported weekly Prep-to-Play
use, knee injuries and head impacts. Prep-to-Play ‘use’ was
defined as completing �75% of program elements (�6/8
warm-up, �2/3 strength, �1 skills, Fig1), in �two-thirds of
sessions. Anterior cruciate ligament (ACL) injuries were medi-
cally confirmed, and concussions were confirmed medically
(60%) or via physiotherapist phone assessment. Prep-to-Play
use and injury rates were compared between supported and
unsupported phases (adjusted for clustering, time, age-group,
region, competition-level).
Results 134 teams received the workshop and two support vis-
its. Weekly Prep-to-Play use increased from 15% (95%CI:
11% to 19%) to 35% (30% to 41%) following supported
implementation (Odds Ratio 3.1, 2.1 to 4.7). Accounting for
background time trends not associated with the intervention,
injury (ACL, knee, concussion) incidence reduced per addi-
tional week spent in the supported phase, with a relative-risk
reductions of ~3% per week (Table1). Estimated reductions
were not statistically significant.

Based on findings from descriptive analysis, we considered
first-order fractional polynomials to model background trends
in outcomes over time that were not associated with interven-
tion exposure. Fractional polynomials provide a simple but
flexible way to model trends in continuous variables and
include a log transformation and a linear trend as special
cases. For all injury types, we used the Akaike Information

Criterion (AIC) to choose the best fractional polynomial fit
for modelling the background time trend.

Injury models were adjusted for team (random effect), time
(study week as continuous variable), age-group (reference:
senior, versus junior), region (reference: metropolitan, vs
regional) competition-level (reference: top division, versus
other divisions). Cluster-week and team-week random effects
as per the primary outcome were trialed to capture within-

Abstract 748 Table 1 Injury outcomes

Injury Characteristic Unsupported

phase

Supported

phase

Total exposure hours* 127,506 133,890

Knee Reported injuries** 118 42

Injuries per 1,000 exposure hours 0.93 0.31

Relative risk (95% CI)^ per 1000 hours

per additional week spent in the supported

phase

Injury risk reduction per week in

supported

0.97 (0.92 to 1.03) 2.7% (-

2.6% to 7.8%)

ACL Reported injuries** 41 22

Injuries per 1,000 exposure hours 0.32 0.16

Relative risk (95% CI)^ per 1000 hours

per additional week spent in the supported

phase

Injury risk reduction per week in

supported

0.97 (0.92 to 1.03) 2.6% (-

2.7% to 7.7%)

Concussion Reported injuries** 179 86

Injuries per 1,000 exposure hours 1.40 0.64

Relative risk (95% CI) per 1000 hours per

additional week spent in the supported

phase

Injury risk reduction per week in

supported

0.97 (0.94 to 1.00) 3.0% (-

0.04% to 5.9%)

*Exposure hours includes match and training
**injuries count includes all injury types (new, subsequent, recurrent)
^Injury model specification: Separate Poisson regression models (log-link function) were
specified for each injury type, considering linear effect for intervention exposure. The linear
effect was defined as the number of weeks since intervention exposure.

Abstract 748 Figure 1
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period correlation. However, models failed to converge due to
the low number of injuries reported.
Conclusion A physiotherapist-led supported implementation
resulted in a three-fold increase in odds of Prep-to-Play use.
The sport-specific injury prevention program including
warm-up, strength, and contact activities may reduce ACL
and concussion injuries in community women’s Australian
Football.

867 FO32 – TARGETING INJURY PREVENTION BEHAVIOR IN
YOUTH HANDBALL AND FOOTBALL: PERSPECTIVES
FROM 528 PLAYERS AND 337 COACHES – A CROSS
SECTIONAL STUDY

1Emilie Scholten Sjølie*, 2Carly McKay, 3Siv Gjesdal, 1Hege Grindem, 1Grethe Myklebust,
3Christian Thue Bjørndal, 1,4Merete Møller. 1Oslo Sports Trauma Research Center,
Department of Sports Medicine, Norwegian School of Sport Sciences, Norway, Oslo,
Norway; 2Department for Health, University of Bath, Bath , UK; 3Department of Coaching
and Psychology, The Norwegian School Of Sport Sciences, Oslo , Norway; 4Department of
Sports Science and Clinical Biomechanics, University of Southern Denmark , Odense,
Denmark

10.1136/bjsports-2024-IOC.31

Background To implement injury prevention (IP) effectively in
team ball sports, behavioral aspects must be considered.
Objective To describe and compare determinants of behavior
linked to injuries and IP strategies (IP training, pain and injury
management, and load management) in and between youth
handball and football.
Design Cross-sectional study.
Setting Norwegian youth handball and football.
Participants Football players (n=283), handball players
(n=245), football coaches (n=193) and handball coaches
(n=144).
Methods We distributed a web-based Health Action Process
Approach survey. Likert Scale responses were analyzed descrip-
tively, and we used aggregated behavioral construct scores
(range 0.14–1.0) to compare groups in a multiple regression
model.

Main outcome measurements Risk perception (RP), outcome
expectancies (OE), intention (INT), task self-efficacy (TSE),
maintenance self-efficacy (MSE), and coping self-efficacy (CSE)
related to injuries and IP strategies.
Results Coaches and players rated injury risk as high with
potential long-term health consequences (74–97% agreed), but
as low-moderate for personal/team risk (16–50% agreed).
They endorsed the effectiveness of IP strategies (coaches; 91–
98% agreed, players; 77–99% agreed), and expressed a mod-
erate-high intent to employ them next season (59–94%
agreed). Self-efficacy in using IP strategies next season varied
(coaches: handball 85% confidence, football 75%; players:
handball 71%, football 63%). In all groups, the lowest aggre-
gated HAPA-construct score was RP (0.66–0.77), and the
highest was OE (0.80–0.86). Additionally, coach TSE and
MSE scores ranged 0.70–0.79 and player CSE scores 0.64–
0.69. There was a small significant group difference in aggre-
gated scores (range 0.02–0.09) among coaches across all
HAPA constructs and among players in INT, MSE, and CSE.
Conclusions The results suggest focusing on RP and SE, with
emphasis on action, maintenance and coping strategies in
implementation of IP-strategies in youth handball and football.
Differences between sports were minor, suggesting similar
strategies can be used in both sports.

Funded by RCN #326946.

882 FO33 – BRINGING ATHLETES BACK TO SPORT SAFELY:
DATA-DRIVEN GRADUAL PRACTICE RAMP-UP STRATEGY
DURING PRESEASON REDUCES LOWER EXTREMITY
STRAINS IN U.S. NATIONAL FOOTBALL LEAGUE

1Mackenzie Herzog*, 1Kristin Shiue, 1Rebecca Lee, 2Leigh Weiss, 3Kristy Arbogast,
4Tyler Williams, 5Allen Sills, 1Christina Mack. 1IQVIA, Durham, USA; 2New York Giants, East
Rutherford, USA; 3Center for Injury Research and Prevention at Children’s Hospital of
Philadelphia, Philadelphia, USA; 4Minnesota Vikings, Minneapolis, USA; 5National Football
League, New York, USA

10.1136/bjsports-2024-IOC.32

Background In the U.S. National Football League (NFL),
approximately 1 in 4 players sustains a lower extremity (LEX)

Abstract 882 Figure 1 Preseason practice strategies
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